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ABSTRACT: Failures in cast iron water mains are more complex and diverse than is widely understood in the 
industry. This paper discusses the modes and causes of pipc failures that have been encountered during a 
three year investigation by the National Research Council Canada. In addition to corrosion, manufacturing 
defects, human error and unexpected levels of pipe loading all play a role in the large number of pipe failures 
that occur each year. 

1 TNTRODUCTION 

Gray cast iron is the most common material used in 
North American water systems, representing about 
50% of the total length of installed water mains 
(Kirmeyer, Richards and Smith, 1994). It is also the 
material that is most prone to failure. A large water 
utility may experience 300 or more water main 
breaks a year. Each such main failure causes dis- 
ruptions to water supply and may require emergency 
repairs. If a large diameter main fails, millions of 
dollars of damage may result. Even without a large 
main failure, the total cost of small diameter water 
main breaks represents a significant portion of the 
annual operating budget of most water utilities. 

Despite the economic and social significance of 
water main breaks, little work has been done to 
analyse the failures and understand the mechanisms 
that cause them. Past research has concentrated on 
soil and corrosion behaviour (Romanoff, 1964; 
Zamanzadeh, 1990; Fitzgerald, 1968). The work 
that has been done to investigate the failurcs them- 
selves has largely been for legal purposes to deter- 
mine liability for a particular single water main fail- 
ure. This has led to a widely held belief that the 
failure process is a simple one, where a pipe cor- 
rodes to the point at which it can no longer with- 
stand the applied internal and external forces, re- 
sulting in a main break. 

However, recent work at the National Research 
Council Canada (NRC) has shown that the failure 
process is much more complex than expected. Cor- 
rosion plays a significant role in gray cast iron water 
main failures, but soil-pipe interactions, poor pipe 
casting techniques and human error are also impor- 
tant factors. Failures also often take place in multi- 
ple stages, rather than in a single episode. This pa- 

per discusses the different modes of failure in gray 
cast iron pipes and the causes behind those failurcs. 
Individual examples of ductile iron failurcs will also 
be examined. A number of photographs of pipes are 
prescntcd in order to assist practitioners in identify- 
ing similar problems in other water systems. Finally, 
a case study will be presented that briefly discusses 
the failure analysis process. 

2 FORCES ON IN-SERVICE PIPES 

At the most basic level pipe failures are caused by 
applied forces exceeding the residual strength of the 
metal. The forces applied to pipes have been inves- 
tigated in detail elsewhere (Rajani, Zhan and 
Kuraoka, 1996), but a brief summary will be pre- 
sented here to provide the context for the remainder 
of the paper. The forces applied to water pipes can 
be considered as five groups: those produced by 
internal water pressure; bending forces; crushing 
forces; soil movement induced tensile forces; and 
temperature induced expansive forces. Gray cast 
iron pipe systems were generally designed to with- 
stand only internal pressure and crushing forces 
(AWWA, 1975). The loads that produced the latter 
forces were assumed in the standards to be due to 
ground weight or truck loading above the pipe. 
However, frost loading and expansive clays may 
also produce similar loads above the pipe. Crushing 
failures appear to be very uncommon in gray cast 
iron pipes. None of the eighty four pipe failures in- 
vestigated by NRC have shown evidence of this type 
of failure. Many of the same loads can also produce 
bending in pipes, which is a common failure mode. 
Additional loading conditions that can produce 
bending include some forms of soil movement and 



possibly thermal forces due to differences between 3.1 Blowout holes 

rounding soil. Another possible loading condition 
that can cause pipe failurcs is one produced by soil 

producing simple tensile failures. Finally, leadite, a 
sulphur based joint sealing compound used in the 

due to the difference between its coefficicnt of ther- 

seals. This mechanism is discussed further in Sec- 
tion 3.3 

the temperature Of the water in the pipes and the sur- As discussed in the following sections, corrosion 
plays a role in many mechanical failures. However, 
corrosion by itself or in conjunction 

thinned to the point where the water blows 
out the remaining, very thin wall, This type of 

large one, depending on how localised the corrosion 

the pipe. 

locking to the pipe through friction. ’Oil 
movements ‘’lay then produce tension in the pipe, 

water pressure can also cause pipe failures. In this 
Case corrosion pitting occurs until the pipe wall has 

1940s and 1950s to Produce Pipe corrosion failure may produce a very small hole or a 

mal expansion and that Of the Ineta] in the pipes it process has been and the pressure experienced by 

3 FAILIJRE MODES 

The term “failure modes” refers to the actual manner 
in which cast iron pipes fail, rather than the mecha- 
nism that causes the failure. These modes vary de- 

mode for small diameter (<380 mm diameter) gray 
cast iron pipes (Figure this type of fail- 
UTe is caused by bending forces applied to the pipe. 
The occurs in a manner similar to a pending On the diameter Of the pipe’ di- 

ameter Pipes ’lave lower water Pressure but also twig snapping, with the failure crack propagating 
across the circumference of the pipc. This type of 
failure may also be caused by soil movements pro- 
ducing tensile forces on the pipe, producing a simple 
tensile failure. 

smaller moments of inertia, which makes them more 
susceptible to longitudinal bending failures. Larger 
pipes have higher water pressure and higher mo- 
ments of inertia, producing a tcndency to longitudi- 
nal cracking and shearing at the bell. 

3.2 Circumferential Cracking 

Circumferential cracking is the most common failure 

3.3 Bell Splitting 

This failure mode also appears to be most common 
in small diameter pipe. Joints in cast iron pipes were 
originally sealed using rope packed between the bell 
of one pipe and the spigot of the other. Molten lead 
was then poured into the joint to complete the seal. 
Leadite, a rigid, sulphur based compound was used 
in the 1930s and 1940s as a substitute for lead. 
However, as a non-metallic compound, leadite has a 
different thermal co-efficient of expansion than lead. 
Consequently, very cold temperatures at the pipe can 
cause the bell to split as shown in Figure 1. This 
failure mode is different from the longitudinal split- 
ting shown in Figure 2 both because of different 
causes and because the crack terminatcs just below 
the bell of the pipe oncc thc stresses produced by the 
thermal expansion have been relieved. 

Figure I .  Failure modes for small (<380 mm) diameter pipe. 
Left pipe: bell splitting at top of pipe, circumferential cracking 
at middle of pipe. Right pipe: corrosion through-hole at top of 
pipe, chain created corrosion pitting at middle of pipe, elon- 
gated corrosion pitting with blow out hole at bottom of pipe. 
Generally these failure modes will not be seen on the same 
pipes. 

3.4 Longitudinal Cracking 

Longitudinal cracking appears to be confined to 
large diameter pipes. This failure mode may be due 
to internal water pressure, to crushing forces acting 
on the pipe or possibly to compressive forces acting 
along the pipe. Any of these loadings could result in 
a longitudinal crack. Once the crack has initiated, it 
may travel the length of the pipe. In some instances 
cracks have formed on opposite sides of the pipe. 
The end result has been the removal of a section of 
the top of the pipe, producing a hole that may be as 



long as the pipe and taking up a third of its circum- 
ference. 

Figure 2. Failure Modes for large (X00  mm) diameter pipe. 
Left pipe: Longitudinal splitting. Right pipe: Bell shearing. 
Corrosion pit failure modes are also common on these pipes. 

3.5 Bell Shearing 

Large diameter pipes generally have too high a mo- 
ment of inertia to produce the circumferential fail- 
ures shown in Figure 1 .  However, large diameter 
gray cast iron pipes do fail by having a section of the 
bell shear off as shown in Figure 2. A possible cause 
of this failure mode is compressive forces pushing 
the spigot of a pipe into the bell of the next pipe in 
the pipeline. However, bending forces are more 
likely to be the cause of this type of failure. Simple 
compressive loading would tend to producc a crack 
that propagates down the length of the pipe, but a 
bending force would produce the type of shearing 
shown in the figure. An example of this mode was 
seen in a 1998 failure of a 914 mm diameter main in 
Boston. 

3.6 SpiraE Cracking 
Some medium (380 mm -500 mm) diameter pipes 
experience a unique failure mode where the crack in 
the pipe appears to start in a circumferential fashion 
and then propagates down the length of the pipe in a 
spiral fashion. This failure mode has been seen in 
Des Moines, St. Louis and Ottawa. In the two for- 
mer cases the failures were associated with pressure 
surges. The appearance of this failure mode also 
suggests that the failure is produced by a combina- 
tion of bending forces and internal pressure. 

Figure 3 .  Spiral failure mode in mid-diameter (380 min -500 
mm) pipe. Corrosion pitting failures have also been seen in 
these pipes. 

4 CAUSES OF FAILURE 

4.1 Corrosion 

Corrosion induced failures are common to all pipe 
diameters. Although many of the failure modes de- 
scribed in section 3 are mechanical in nature, corro- 
sion pitting is frequently associated with these fail- 
ures, having produced the weakening in the fabric of 
the pipe that allowed the failure to occur. As an ex- 
ample, twenty three out of the twenty five circum- 
ferential failures investigated by NRC have been as- 
sociated with corrosion pitting. Other failures arc 
due to corrosion alone (Figure 4). Simple corrosion 
pitting is a minor failure mode in small diameter 
pipes, but more important in diameters above about 
300 mm. 

Invcstigation of the effects of corrosion on gray 
cast iron failures in particular is complicated by the 
presence of two separate but closely related corro- 
sion processes that may aflect the pipes. Simple 
corrosion pitting can occur in much the same way as 
steel pipes. However, graphitisation can also take 
place. This process removes some of the iron in the 
pipe, but leaves behind a matrix of graphite flakes 
that is held together in part by iron oxide. 



Figure 4. Heavily corroded gray cast iron pipe. (City of To- 
ronto) 

Graphitisation can form a solid substance on the 
pipe, producing the appearance of an undamaged 
material. In many cases this corrosion product may 
also be strong enough to temporarily resist the pipe’s 
internal water pressure. Cleaning the pipe surface 
using sand blasting or other methods is frequently 
the only way to determine the full extent of the cor- 
rosion damage to the pipe. 

Areas of graphitisation are often thought to be 
composed solely of the graphite flakes. In reality, 
chemical analysis shows the presence of iron oxide, 
which appears to be essential for the process. NRC 
has used high speed corrosion cells on gray cast iron 
pipe in order to produce artificial corrosion pits. 
These cells are capable of producing a 5 mm deep, 7 
mm wide hole in one to two hours. This corrosion 
process left behind the graphite in the pipe, but as 
sofi, easily removable carbon flakes, not hard 
graphitisation. Iron oxide therefore appears to be 
necessary to form the corrosion product known as 
graphitisation. In addition, it also suggests that a 
slow corrosion process is required for the graphite to 
bond with the iron oxide. 

Unlike gray cast iron, ductile iron does not have 
a matrix of cast iron flakes. Instead, its manufactur- 
ing process produces fine carbon spheres in the 
metal. This produces a stronger, more ductile mate- 
rial than gray cast iron, with the greater ductility 
giving the alloy its name. The lack of connection 
between the graphite spheres in this material was as- 
sumed to mean that graphitisation could not occur. 

However, the Water Research Centre in the 
United Kingdom has observed examples of graphiti- 
sation in ductile iron pipe (De Rose and Parkinson, 
1985). NRC has investigated ductile iron pipe fail- 
ures from the cities of Ottawa and Toronto where 
graphitisation was also observed (Figure 5). An 
elemental analysis of the graphitisation from the 
Ottawa pipe showed high amounts of carbon, iron 
and oxygen in approximately the same proportions 
as seen in graphitisation in gray cast iron pipes. Ad- 
ditional trace elements from the surrounding soil 
were also identified. While graphitisation is less 
common in ductile iron pipes than in gray iron pipes, 

it is clearly still a possibility. Visually undamaged 
ductile iron pipes should not, therefore, necessarily 
be assumed to be without corrosion damage. 

Figure 5 .  Cross-section of ductile iron pipe showing graphiti- 
sation. (City of Ottawa) 

4.2 Manufacturing Flaws 
Gray cast iron pipe was manufactured using a num- 
ber of different methods, with the two most common 
being pit casting and spin or centrifugal casting 
(Talbot, 1926). In the former mcthod a vertical 
mould was built from sand inside a pit. Moltcn cast 
iron was poured into the mould, which then slowly 
cooled until the pipe could be removed and tested. 
Spun cast pipe was produced in horizontal, spinning 
metal or sand moulds, with thc former approach re- 
quiring watcr cooling of the mould. In this method a 
ladle entered the centre of the mould and poured 
molten cast iron down its length while the mould 
rotated. The spinning of the pipe caused the molten 
metal to be distributed evenly about the surface of 
the mould. Centrifugal casting also produced a 
stronger pipe due to differences in the microstruc- 
ture produced by the two processes (Makar and Ra- 
jani, 2000). 

Figure 6. Pit cast pipe showing porosity (black dots on cut 
metal surface). (City of Toronto) 



NRC has identified manufacturing flaws in both 
types of gray cast iron pipe. The more recent ductile 
iron pipe is also made by spin casting, but none of 
the ductile iron failures investigated by NRC has 
been due lo manufacturing flaws. Porosity (Figure 
6) is the most common manufacturing defect in pit 
cast pipe. It is produced by air being trapped in the 
metal as it solidifies. Air in pit cast pipe may have 
had to travel from the bottom of the pipe to the top 
to escape, providing much greater opportunitics for 
entrapment than in spun cast gray iron pipe, where 
the air only needed to reach the inner wall of the 
pipe surface to escape. However, NRC has found 
smaller pores than those shown in Figure 6 (2 mm 
diameter as compared to 8-9 mm) in clusters in 
poorly manufactured spun cast pipe. 

Inclusions are unintentional objects created in 
metals during manufacturing that are not part of the 
continuous fabric of the material (Figure 7). Thcy 
weaken the pipe metal by acting as crack formers, 
reducing the total cross-scction of metal in the pipe 
and producing stress concentrations. The inclusion 
shown was formed from iron oxide, but a more 
common inclusion is undissolved fcrrosilicon. The 
latter material was a common means of adding sili- 
con to cast iron, which lowcrs the melting point of 
the metal and makes it easier to cast. However, if 
the metal cools too quickly, the ferrosilicon will not 
completely dissolve, leaving behind a black, spheri- 
cal inclusion. 

tigure 7 .  Inclusion along a fracture surface. (Civ of Ottawa) 

Spun cast pipes generally appear to have fewer 
casting defects than pit cast ones. Howevcr, they do 
experience a variety of defects that can only be pro- 
duced by the spin casting process. Figure 8 shows 
an example of a longitudinal surface defect. The 
particular pipc photographed here and in Figures 9 
and 10 had numerous examples of this type of defect 
on its outer surface, which would have been in con- 
tact with the pipe mould. In some cases these de- 
fects were detached from the pipe surface as shown 
in Figure 8, while in others they appeared only as 
parallel lines on the pipe. 

Figure 9 shows a cross-section of the pipe wall 
across one of these longitudinal flaws. Both the 
flaw material and the pipe itself are composed of 
cast iron. However, a noticeable pore is located di- 

rectly below the flaw and an iron oxide boundary 
layer was identified between the flaw and the pipe 
wall. The presence of the boundary layer and the 
semi-circular shape of the flaw cross-section sug- 
gests that the flaw material solidified before the bulk 
of the pipe. Thc iron oxide layer was produced by 
contact with the air as the flaw metal cooled, while 
the clongated shape and the observed cross-section 
was produced by a combination of surface tension 
and the centrifugal “forces” produced by the spin- 
ning mould. 

Figure 8. Longitudinal flaw in spun cast pipe. (City of 
Ottawa) 

3gure 9. Cross-section of longitudinal flaw. (City of 
3ttawa) 

The same pipe also had lumps of metal standing 
proud of the pipe surface (Figure 10). Normally 
molten metal would be spread out by the spinning 
process. The presence of the lumps suggests that the 
pipe metal was cooler than desirable during the 
casting process, allowing the lumps to solidify in 
place. 

Changes in the pipe wall thickness can also 
weaken cast iron pipes. Pit cast pipes often have 
non-uniform thickness around the circumference of 
the pipe duc to the inner sand core of the mould used 
to make the pipe being off-centre from the outer 
mould. These differences can be quite large, with a 
variation from 8 mm thickness at one side of the 
pipe to 14 mm at the other. Spun cast pipes do not 



experience this type of problem due to the nature of 
the casting process, which evenly distributes the 
molten metal around the pipe wall. However the 
pipe shown in Figures 7 to 10 also had a wall thick- 
ness that varied along the length of pipe, changing 
from 18 mm to 15 mm over a 2 m distance. This 
amount of change was significant since the maxi- 
mum operating pressure allowed for the pipe undcr 
the applicable standards could be significantly less 
for the thinner walled pipe. This latter type of 
manufacturing defect could only be produced by a 
reduction in the amount of mctal per second flowing 
onto the pipe mould. 

below 0.1 percent by weight (wt%) and often below 
0.03 wt%. Gray cast iron pipes may havc phospho- 
rus contents as high as 0.9 wt% and are often in the 
range of 0.4-0.6 wt.% 

4.3 Excessive Forces 

Most observed pipe failures are due to a combina- 
tion of some form of damage or manufacturing flaw 
and applied forces from the pipe's environment. 
I-Iowever: it is also possible for pipes to fail without 
the presence of either corrosion pitting or a manu- 
facturing flaw at the point of failure. In some cases 

Figure 10. Lumps of metal on pipe surface. (City of Ottawa) 

A final type of manufacturing flaw observed in a 
number of cast iron pipes is the presence of iron 
phosphide networks throughout the pipe metal 
(Figure 11). Phosphorus was added to molten cast 
iron in order to lower the melting point of the metal 
and its viscosity. This meant that lower casting 
temperatures could be used, reducing the total cost 
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Figure 11. 
metal. (City of Moncton) 

of manufacture. However, the presence of phospho- 
rus can also produce the type of network shown in 
Figure 1 1 .  This iron phosphide compound is even 
more brittle than gray cast iron and its presence 
weakens the pipe. Most modem steel and cast iron 
manufacturing attempts to minimise the phosphorus 
content, with specifications calling for a value that 
depends on the quality of the steel but is typically 

Portion of iron phosphide network within pipe 

damage elsewhere along the pipe may contribute to 
the failure. An example of this happening would be 
where the pipe has failed in tension due to ground 
movement forces being transferred to the pipe by 
corrosion pitting. In other cases thc applied forces 
may cause the pipe to fail even without any previous 
damage to the pipe. 

These failures may be particularly perplexing to 
the practitioner, since they have no apparent cause. 
In addition, this type of failure has sometimes been 
observed where there has been no apparent addi- 
tional loading to the system (i.e. no truck loads, frost 
loads, changes in temperature or changes in water 
pressure that might have affected the pipe and 
caused the failure). Such an event may result in re- 
placement of the failed pipe and little further analy- 
sis. 

However, there is always a cause for pipe fail- 
ures. If no defects or corrosion pits are found on the 
failed pipe, the most likely cause is that the forces 
applied to the pipe have exceeded its resistance ca- 
pacity. Thcsc forces may have built up gradually 
over time and be difficult to detect, but their size and 
direction can be determined by the nature of the 
failure mode observed in the pipe. They are often 
produced by ground movements and may have 
originated at a significant distance from the failed 
pipe. Failure may occur at a change in pipeline di- 
rection at a thrust block, for instance, when the 
ground movement that caused the applied forces 
happened farther away along the line. 

A major question related to this type of failure is 
whether the forces on the pipeline were relieved by 
the failure and the subsequent replacement process. 
If they were not, the pipcline should be assumed to 
be at a higher than normal risk of further failures. 
Further research is required to determine the best 
way of making this assessment. One part of the pro- 
cess is the establishment of the forces that were 
likely to be responsible for the failure itself. This 
determination will require investigating the failure 
mode, the mechanical strength of the pipe and also 
the manner in which the pipeline was designed. In 
some cases the resistance capacity of the line may 
have been overestimated by mistakes in the assump- 



tions made about ground cover, maximum truck 
loads or maximum water pressure experienced by 
line. It  is also possible that installation procedures 

that arc now recognised as incorrect were used on 
early pipelines. An example of the latter problem 
was the use of wooden blocks under the pipe to raise 
it above the floor of the trench. This approach was 
later recognised to contribute to pipe failures due to 
forces being concentrated on the pipe at the blocks, 
rather than distributed along the length and width of 
the pipe by the bedding material. It is important to 
recognise, however, that failures due to excessive 
forces can also take place evcn when there are no er- 
rors in the design and installation of the pipeline. 

4.4 Humun error 

Design problems are one type of human error that 
can contribute to pipeline failures. However, there 
are other practices during construction and after that 
can also promote or cause pipe failures. In particu- 
lar: some types of corrosion induced failures have 
been identified as being due to poor installation or 
tnovement techniques. Figure 12 shows an examplc 
of a pipe that failed due to a large blow out of thc 
side of the pipe. This pipe had a pair of vcry long 
corrosion pits that appcar to have formed where the 
black coating on the pipe was scratched during in- 
stallation. Somc additional scratches could also be 
seen on the pipe. The coating is also seen on ductile 
iron pipe and is a natural iron oxide byproduct ol‘the 
manufacturing process that provides some corrosion 
protection to the pipe. Both spun cast gray 

Figure 12. Elongated corrosion pirs causcd b) scratching pipe. 
(Cit) ot’Onawa) 

iron and ductile iron pipes have been observed to 
corrode without noticeable coating damage, but 
damage to the coating enhances the probability of 
significant corrosion in the damaged area. In the 
case shown in the figure, the long thin pits corroded 
to the point where the metal was paper thin at the 
bottom of the pit. A pressure surge caused the pipe 
to fracture along the pit, followed by a full blow out. 
Similar damage has been observed on ductile iron 
pipes from the City of Toronto. In this case an un- 
padded chain was placed around the pipe when it 
was being moved. Each link of the chain damaged 

the pipe coating, resulting in a series of corrosion 
pits located around the circumference of the pipe 
(see Figure 1 for a sketch of this failurc). 

Another common source of failures duc to human 
error is third party damage. Excavations made on or 
near pipelines without accurate knowledge of their 
location frequently causes pipeline damage or failure 
(Figure 13). This type of failure is common to all 
buried utilities, including both pipelines and other 
scrviccs such as tclephone and television cabling. 

Figure 13. Dent and hole in ductile iron pipe due to third party 
damage. (City of Toronto) 

Sometimes problems can be perpetuatcd through 
simply following a water utility‘s standard operating 
procedures. Figure 14 shows two pieces of a single 
pipe that experienced four distinct failures in the 
lcngth shown. The back of the left pipe section was 
connected to the front of the right one by the clamp 
that is shown in the picture. Each of the failures was 
associated with corrosion pitting. These failures ap- 
pear to have taken place over a significant length of 
time, with the response to the first three cases being 
to place a stainless steel clamp over the damaged 
area. The pipe was not removed until the very long 
corrosion pit on the left section developed. 

An examination of the damage to the pipe makcs 
it clear that it was located in a very corrosivc cnvi- 
ronment. The stainless steel clamps hcld the pipe 
together, but did not prevent furthcr corrosion in a 
nearby location. In fact. a number of pipe failures 
observed by NRC occurred next to previous failures 
covered by stainless steel clamps. It is possible that 
some aspect of the repair procedure itself may be re- 
sponsible for the subsequent failures. More research 
is required to investigate this possibility. 

This result suggests that alternate approaches to 
simple clamping for dealing with corrosion related 
failures may be desirable. One method used by 
some cities is to add a sacrificial anode to the pipe at 
the site of each failure. This should protect the pipe 
for the duration or the anode’s life. The anodes can 



also be checked and replaced if necessary on a 
scheduled basis, rather than through emergency re- 
pairs. 

- ._ ~ 

Figure 14. Multiple failures on same pipe. (City of Toronto) 

5 MULTIPLE EVENT FAILURES 

Until recently, most mechanical failures of gray cast 
iron pipe were assumed to have occurred in a single 
event, with the pipe cracking to the point of failure 
due to one incident of applied forces exceeding thc 
strength of the pipe material. Recent work at NRC 
has shown that many circumferential and bell split 
type failures occur as a scries of multiple events 
(Makar, 2000). In thcse cases the pipe cracks part 
way through and may start leaking water. If the 
damagc is not detected, a second or even third 
cracking event may take place, with the process 
continuing until the pipe fails completely or is re- 
moved from service due to a leak detection cain- 
paign. 

Figures 15 and 16 show two examples of multiple 
event failures. Their role in a pipe failure can be 
detected by carehlly examining the fracture surface 
of the pipe. In the case of the pipe shown in Figure 
16, only about 80% of the pipe circumference had 
been cracked through at the time it was removed 
from service. The intact circumference, labelcd as 
region 3 in the figure, was broken in the laboratory 
using a stress testing machine. Examination of the 
entire fracture surface afterwards showed that two 
cracking episodes had takcn place while the pipe 
was in use. Region 1 was covered with a relatively 
thick layer of corrosion products that had an orange 
colour and rcgions of gray material. The regions la- 
beled 2 in the figure had a much thinner layer of cor- 
rosion product with a dark red colour. The gray col- 
our of the graphite flakes that give gray cast iron its 
name could also be seen below the corrosion prod- 
ucts. 

Although the pipe in Figure 16 clearly shows that 
not all circumferential failures require complete 
cracking around the pipe, visual identification of dif- 
ferent cracking episodes can be very subjective in 
nature. Further evidence for this phenomena is pro- 
vided by elemental analysis of the fracture surface. 

Figure 15. Multi-event circumfcrcntial failure. “ 1 ”  indicates 
the first cracking event, “2’’ indicatcs the second cracking 
event and “3”indicates the region that was intact until broken 
in the laboratory. (City of Toronto) 
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/ 9 - ‘c % 

Figure 16. Multi-event bell splitting failure. “1” indicates thc 
start of the first cracking event at a small corrosion pit while 
“2” indicates the start of the second cracking event. (City of 
Ottawa) 

In the case of Figure 16 the visual examination 
showed evidence of two cracking episodes, with one 
region near the bell having thick corrosion products 
and an orange-gray colour and the other region 
closer to the end of the crack having thin corrosion 
products with a dark red colour. An elemental analy- 
sis shows the presence of a number of elements on 
both regions of the fracture surface that are not pres- 
ent in the pipe metal. These elements were therefore 
acquired from the surrounding soil. However, the 
region with thicker corrosion products showed the 
presence of sulphur, aluminum, potassium and a 
high quantity of calcium, while the region with the 
thinner layer of corrosion products showed consid- 
erably smaller amounts of the last three elements 
and no sulphur at all. This difference indicates that 
the fracture surface under the thicker layer had been 
exposed to the surrounding soil for a longer period 
of time than that under the thinner layer, providing 



further evidence for a multi-event cracking process. 
Elemenlal analyses have been done for other frac- 
ture surfaces with similar results. 

The cause of the multi-event fractures is unclear. 
Normally brittle fractures would be expected to 
propagate quickly across an entire object. More re- 
search, including both finite element modelling and 
fracture mechanics studies. will be necessary to 
completely understand this aspect of cast iron bc- 
h av i our. 

6 THE BAT1 IGATE MAIN -A CASE STUDY 

NRC wa5 asked to conduct a failure analysis on a 
broken 410 nim water main in the summer of 2000 
by the Kegional Municipality of Ottawa-Carleton 
(now part of the City of Ottawa). This main had 
experienced a spiral failure (Figures 3 and 17) and 
appeared to have failed in a brittle manner. How- 
ever, the Region's records showed the pipe as being 
ductile iron rather than gray cast iron. The unusual 
failure mode, the uncertainty in the records and the 
need to determine the vulnerability of the rest of the 
line led to the need for the failure analysis. 

The sample delivered by the Region to NRC con- 
sisted of only half the failed pipe. In addition, a 
section of the pipe at the point where the crack likely 
initiated @/as missing. These missing sections of 
pipe meant that the exact cause of the failure could 
not be determined. However, it was possible to ex- 
amine the rest of the pipe and determine its quality. 

Figure 17. Medium diameter pipe failure. (City ofOttawa) 

The first step in the examination was to cut up the 
pipe and expose the fracture surface. No evidence 
for a multi-event failure was seen, but the fracture 
surface did show a change in the direction of the 
fracture part way through the pipe (Figure 18). This 
change in the direction of the surface had not been 
seen in other pipes that had been investigated by 
NRC . 

Subsequent investigation did not identify any sig- 
nificant areas of corrosion on the fracture surface or 
on the pipe in general. However, a large number of 

manufacturing defects were found. Numerous small 
pores were seen in the metal of the  pipe and along 
the pipe surfaces. Each of the casting defects shown 
in Figures 7 to 10 were found on this pipe. As noted 
earlier, the longitudinal flaws in Figures 8 and 9 oc- 
curred frequently on the outer pipe surface. This 
pipe also cxpericnced the change in wall thickness 
nicnti oncd earlier. 

As shown in Figure 9, the microstructure of the 
pipe was investigated in order to determine the type 
of pipe. The presence of graphite flakes in the metal. 
rather than spheres showed that it was gray cast iron. 
An elemental analysis confirmed that the pipe metal 
did not have the small amount of magnesium neces- 
sary to produce ductile iron. The microstructural 
analysis did show that the type and form of the 
graphite flakes in the pipe changed part way through 
the pipe wall. This change was responsible for the 
change in the fracture surface shown in Figure 18. 

Thc mechanical properties of the pipe were also 
investigated. with five tensile tests and seven four 
point bending tests being conducted on samples 
from the failed pipe. Multiple tests have been found 
to be necessary due to the high variability of gray 
cast iron. Some pipes have shown a variation of as 
much as 100% between the weakest sample and the 
strongest (Rajani, Makar and McDonald, 2001). In 
this case the samples were all taken from sections of 
pipe without manufacturing defects. The tensile tests 
all showed pipe strengths above thc 124 or 145 MPa 
called for by the two standards (ASA 1953, AWWA 
1967) that may have becn applicable to the manu- 
facture of this pipe. However, one of the four point 
bending tests produced a modulus of rupture signifi- 
cantly below that allowed by either standard (224 
MPa versus 276 MPa or 3 10 MPa). Six of the seven 
tests were below the 3 10 MPa standard. 

Figure 18. Change in fracture surface along spiral crack. (City 
of Ottawa) 

A second pipe was removed from the line to act 
as a control sample for the investigation. It did not 
show any of the manulacturing defects identified on 
the failed pipe. The mechanical tests conducted on 
the control pipe also showed values that were con- 
sistently above those required by the standards. 

The analysis concluded that the failure was due to 
the manufacturing defects in the pipe. The inherent 



resistance of the pipe to bending was niarginal at 
best compared to the values required by the applica- 
ble standards. The frequency of the observed defects 
was such that there was a very high likelihood of 
one occurring at the failure site. The combination of 
a weak pipe material and an inclusion, longitudinal 
flaw or cluster of pores lowered the pipe’s resistancc 
capacity to point where the failure occurred. 

7 CONCLUSIONS 

Cast iron pipe failures are more diverse and complex 
than is usually appreciated by the water industry. 
Failure modes include not only corrosion blow outs 
and circumferential breaks, but also include longitu- 
dinal cracking, bell splitting, bell shearing and spiral 
cracking. The causes of failure go beyond corrosion 
and mechanical loading to include manufacturing 
defects and a variety of human factors. Many fail- 
ures also occur as multiple events, rathcr than as a 
single cracking episode. 

Understanding thc nature and causes of pipe fail- 
ures is important in making decisions about pipeline 
rehabilitation and replacement. Pipeline failures are 
normally unexpected and often produce emergen- 
cies. This is especially the case for medium and 
large diameter lines, which may supply water to 
large numbers of people. A water utility’s major 
goal in resolving such a failure situation is naturally 
to prevent water damage to the area around the pipe 
and restore water supply as soon as possible. How- 
ever, gathering the information and samples neces- 
sary to complete a failure analysis should be consid- 
ered a necessary part of the repair process. 
Conducting an engineering analysis after a major 
pipeline failure is essential to detcrmining the risk of 
a subsequent failure on the same line. The complex 
nature of pipeline failures and the inherent variabil- 
ity of gray cast iron pipes mean that the information 
about the pipe and its failure necessary for the engi- 
neering analysis can only be acquired by the failure 
analysis process. 
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ABSTRACT: Approximately two thirds of the water mains in the City of Regina are asbestos cement (AC) 
pipes. These pipes are experiencing more and more failures in recent years and account for almost all of 
the water main breaks in the city. The AC water main failures, along with the failure of other types of 
water mains in general, are a result of various factors, some of which are site specific. To assess the 
condition and identify the factors that significantly influence the breakage of AC water mains, the historical 
failure data for AC water mains in the City of Regina have been collected, along with their corresponding 
working environments, including soil type, water quality, weather, etc. The AC water main break data were 
analyzed for correlation between pipe breakage and all known physical, environmental and operational 
factors. The predominant factors that influence the AC pipe breaks were identified. It was observed that 
pipe age, diameter, climate, soil and construction and repair methods all influence the condition of the AC 
water mains in Regina, with climate and soil conditions being the two critical factors. Water quality is not a 
major determinant of the AC water main condition for the city. The observations will serve as a basis for 
further research on the failure mechanisms of the AC pipes, which is essential for the performance 
prediction of these water mains and, therefore, the management of the city’s AC water main assets. 

1. INTRODUCTION 

In the City of Regina, approximately 531 km, or two-thirds, of the water mains are asbestos cement (AC) 
pipes. These pipes are experiencing more and more failures in recent years and account for almost all of 
the water main breaks in the city. In many municipalities, AC pipes are replaced whenever their 
performance and condition warrant extensive repairs. This is not an option for the City of Regina because 
of its large inventory of AC water mains and funding constraints. To ensure that the city’s administration 
can manage its AC water main assets to continue to provide an adequate supply of safe water in a cost- 
effective, reliable and sustainable manner, it is essential that a clear understanding be developed of AC 
pipe failure conditions and the mechanisms behind the failures. 

The failure conditions and their corresponding mechanisms are dependent on a number of factors. These 
factors may be grouped into three general categories: (a) physical characteristics of the pipes themselves 
(e.g. flexural strength), (b) the environments in which the pipes are working (e.g. climate, soil type, 
groundwater properties, water table), and (c) operational characteristics (e.g. water quality, operation and 
maintenance, repair or replacement procedures) (NRC 2002; Rajani and Kleiner, 2001 ). The interplay of 
these factors determines the failure processes and modes. However, the role played by each factor may 
vary due to site-specific conditions. Therefore, identification of factors contributing to the occurrence of 
water main failures in a given site should be the first step towards understanding of the failure 
mechanisms. 
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Previous studies on the performance of AC water mains have stemmed from two concerns. One was a 
health concern related to the release of asbestos fibres into the drinking water due to chemical attack on 
the asbestos cement material and the erosion of the internal surface of the pipe by the water. It was found 
that in some environments, AC pipe materials are subject to damage due to various chemical processes 
that either leach out the cement material or penetrate the pipe wall to form products that weaken the 
cement matrix (Mordak and Wheeler 1988). Nebesar (1983) did a comprehensive review of these 
“corrosion” mechanisms in AC pipes. A number of chemical agents were identified including acids, 
sulphates, magnesium salts, alkaline hydroxides, ammonia and soft water. Some organic compounds 
were found to be “corrosive” as well. Pits and holes on pipe walls are indicators of corrosion. External 
corrosion of AC pipes follows the same principles as internal corrosion, i.e., pH, alkalinity, sulphates 
contained in the soils or groundwater will attack AC pipes (Jarvis 1998). 

The other concern was related to the asset management of AC water mains, which requires a condition 
assessment of the pipes for determining the remaining service life and improving the service condition. AC 
water mains were observed to deteriorate with pipe age and a linear relationship was identified between 
the breakage rate and the pipe age (Kettler and Goulter 1985). It was also noted that the breakage rate of 
AC pipe was influenced by pipe diameter, with a lower breakage rate for larger diameter (Guan 1995, 
Mordak and Wheeler 1988), which was attributed to the thicker wall and higher bending moment 
resistance associated with larger diameter pipe (Mordak and Wheeler 1988). The greater wall thickness 
provided an inherently more robust pipe, which was not as likely to fail structurally as a result of chemical 
attack and external loading (Kettler and Goulter 1985). 

AC water mains may also fail due to other operational, environmental and physical factors. For example, it 
was observed by Mordak and Wheeler (1988) that the distribution of failures through the year has been 
fairly random for areas where sandylgravel soils commonly occur, whereas in areas with cohesive clay 
soils, most failures occur during the dry summer months. Cohesive clay soils are also associated with high 
incidence of circumferential fractures, which are commonly related to bending stresses. 
Construction/repair methods may also contribute to the failure of AC water mains (Mavin 1996; Guan 
1995). Pipe breakage is more likely to occur when the environmental and operational stresses act upon 
pipes whose structural integrity has been compromised by corrosion, degradation, inadequate installation 
or manufacturing defects (Rajani and Kleiner 2001). 

All the aforementioned studies show that AC water main failure, along with the failure of other types of 
water mains in general, is a result of various factors, some of which are site specific. To assess the 
condition and identify the factors that significantly influence the breakage of AC water mains in the City of 
Regina, the historical failure data of AC water mains in the city has been collected and analyzed, along 
with their corresponding working environments, including soil type, water quality, weather, etc. In this 
paper, the information was evaluated to determine the failure conditions of the AC water mains in the city. 
The predominant factors that contribute to the AC pipe failure were identified. 

2. REGINA’S WATER DISTRIBUTION SYSTEM 

2.1. History of the Water Distribution System 

Regina, Saskatchewan, Canada, was founded in 1903 and had a population of around 200,000 in 2003. 
The earliest construction of the water distribution system was in 1904. Cast iron (CI) pipes were first used 
in the water distribution system and were predominant until the 1940s. The use of asbestos cement pipes 
was adopted in the middle 1940s and became predominant in the 1950s and 1960s. Since they were 
considered by the city to have better performance than CI pipes, AC pipes were used in all the new 
subdivisions, as well as to replace failed CI pipes. 

In the early 1980s, health concerns with the asbestos fibres and the wide acceptance of polyvinyl chloride 
(PVC) pipe by the water works industry changed the landscape of the water distribution system in City of 
Regina. Since then, PVC pipes have been used in the construction of new developments and in the 
replacement of CI and AC pipes. 
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Besides CI, AC and PVC, steel pipes were also used. Steel pipes have a good service performance but 
are more costly. Most steel pipes in Regina are used for large diameter ( > 500 mm) transmission mains. 
Other materials that were used to a much less extent are polybutylene and concrete. 

Currently, Regina has approximately 753 kilometres of water mains within the city limits. These mains vary 
in size from 100 to 600 mm in diameter. With about 531 km in service, AC comprises about two-thirds of 
the total length of the pipe network. The length of AC pipe in service has not changed significantly since 
1986, except for small reductions due to replacement during repairs. The pipe sizes for asbestos cement 
water mains in Regina include 100, 150,200,250,300 and 400 mm. The 150 and 200 mm pipes comprise 
a large percentage of the system. There are only a few sections of 100 and 400 mm pipes. 

2.2. Data Collection 

The AC pipe repair information used in this study was acquired mainly from the Engineering and Works 
Department of the City of Regina. The original records show that the earliest installation of AC pipe was in 
1945. With the development of the city and the construction of new residential, commercial and industrial 
areas, the water distribution system expanded. The dates of pipe construction, repair and replacement 
were recorded and are available for most streets. However, these records are not complete and some 
data are missing. 

The data recorded on the water main repair report sheets include leak location, dates received and 
repaired, pipe material, size, leak type, repair material and length and connection information. Some 
particular situations were noted in a Remarks portion of the repair report. The installation year for each 
AC water main can be found on the Water Main Distribution System Map of the City of Regina. However, 
some AC pipes have been replaced with PVC pipes since the mid-1980s and the installation year data for 
the original AC water mains were not available. 

3. CONDITIONS OF AC WATER MAINS 

3.1. Installation of AC Water Mains 

Figure 1 shows the length of AC pipes installed each year from 1945 to 1986. The annual installation 
lengths shown in this figure represent the AC water mains currently in service. Three peak periods can be 
identified in Figure 1. The first one is from 1953 to 1959 with around 20 km of AC water mains installed 
each year. The second one is from 1964 to 1966 with about the same length of AC pipes installed 
annually as the previous peak. The third peak period lasted from 1972 to 1980 with the highest annual 
installation length of 42.8 km of AC water mains in 1976 falling in this period. 

The annual installation length for the period between 1983 and 1986 was reduced gradually to zero when 
use of PVC was fully adopted. It should be noted that the annual installation lengths may not be accurate, 
especially for the earlier period, because of water main repairs. Some AC water mains are likely to have 
been replaced during these programs and their records removed from the City’s database. 

3.2. History of AC Failure 

The service condition of AC pipes is evaluated in terms of the number of breaks of water mains based on 
the available data collected by the City of Regina. The term “break in this study is taken to correspond to 
an entry on a water main repair report sheet and constitutes a single repair event. The AC water main 
breaks during the period from 1994 to 2003 were analyzed and a total of 91 1 breaks were recorded for 
this period. Figure 2 shows the annual number of breaks. The plot indicates that the number of breaks 
has, in general, been increasing steadily. Also included in this figure is a fitted exponential curve. The 
good correspondence (the square of the correlation coefficient, R 2 ,  =0.83) between the fitted curve and 
the historic data points indicates that the number of breaks is increasing at an accelerated (exponential) 
rate and the overall system condition is deteriorating. 
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Figure 1. Annual installation length of AC water mains (1 945 -1 986) 

The historic data plot shows that two peaks of breakage occurred in 2001 and 2003. The abnormal 
weather in these two years might be the major factor inducing more pipe breaks. In 2001, a record rainfall 
was noted in July followed by extremely low rainfall in August and September. City staff has reported that 
the higher number of breaks in 2003 might have been due to the high temperature and dry weather during 
the summer period of this year. 
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Figure 2. Break history of AC water mains (1994-2003) 
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3.3. Monthly Failure Conditions 

The monthly breakage numbers are shown in Figure 3 for AC water mains in Regina. There are three 
curves, which represent the monthly break numbers for 2001, 2003 and the average number for the 10- 
year period from 1994 to 2003, respectively. The monthly break numbers for 2001 and 2003 are also 
included for comparison. This figure shows that high breakage rates occurred in August and September 
and sometimes in February and March. The highest breakage of water mains occurred in September. 
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Figure 3. Monthly breaks of water mains in Regina fro 2001, 2004 
and the IO-year average (1 994 to 2003) 

The higher breakage in the summer season for both normal and off-normal years may be attributed to 
different factors. The high temperature combined with relatively low precipitation will desiccate the soil, 
inducing shrinkage and, consequently, differential movement, uneven bending support and/or uneven 
loading conditions. More traffic in summer may also impose extra loading on the buried pipes. The second 
peak for the two off-normal years may be related to extended periods of cold temperatures in these 
particular winter seasons. If a decrease in the ambient temperature is sustained, the frost will penetrate 
deeper into the ground, causing increased frost loads on the buried pipes, even though they are buried at 
some distance below the maximum frost penetration depth (Bahmanyar and Edil 1983). 

3.4. Spatial Failure Conditions 

To assess the system failure condition in the entire city, the breakage distribution for the AC water mains 
in the city was investigated. Figure 4 presents the breaks of AC pipes during a one-year period in 2003. It 
can be seen from Figure 4 that the water main breakage was not evenly distributed within the city. The 
breakage of AC pipe was most serious in the southern areas. Other areas that have a high concentration 
of AC pipe breakage include the central, central west and northern parts of the city. These areas were the 
earliest ones constructed using AC pipes. The southeast and northwest areas were developed since the 
1980s and PVC pipes were used. 
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Figure 4. Water main breaks in 2003 

There are a few factors that may account for the spatial pattern of AC water main breaks as shown in 
Figure 4. In addition to the earlier development period and greater age of the pipes, the pipe length per 
unit area in these areas may also be a factor, Le., the areas with greater pipe length per unit area may 
have more breaks. The higher density of pipe breakage in the southern area may be affected by low 
elevation and soil conditions as well. 

3.5. Failure Modes 

All breaks are divided into five categories: longitudinal, circumferential, hole-in-main, pinhole and other. 
Although hole-in-main and pinhole are both primarily due to chemical attack, their failure modes are 
different in that a hole-in-main failure requires internal pressure or external loading whereas pinhole fails 
due to chemical attack only. A few breaks are characterized as "other", which include everything from joint 
failure to subsequent leakage at a clamped repair location. Table 1 lists the different failure modes and 
their corresponding percentages. Among the 91 1 breaks from 1994 to 2003, circumferential breaks 
comprise the predominant failure mode (90.9%). 

Table 1. Failure modes and their percentage 
Failure Modes Longitudinal Circumferential Hole-in-main Pinhole Other 

Breaks 5 828 7 2 69 

Percentage 0.5% 90.9% 0.7% 0.2% 7.6% 

This table indicates that corrosion is not a big problem for the AC water mains, as the breaks due to 
corrosion (hole-in-main and pinhole) account for less than 1% of the total breaks for this period. Because 
the longitudinal break number is very small, internal water pressure, soil stresses and other circumferential 
loading (e.g., traffic) also do not have a major influence on the breakage of AC pipe. The high rate of 
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circumferential failure suggests that axial bending (or beam action) is the predominant loading condition 
leading to failure. 

3.6. Failure Pipe Size 

The pipe breakage for different pipe sizes was also analyzed. Table 2 summarizes the break numbers of 
AC water mains for the four major pipe sizes (150, 200, 250 and 300 mm diameter) during the 10 year 
period, 1994 to 2003. Table 2 shows that most repair work was related to the 150 mm pipes and more 
than 94% of the breaks occurred in the 150 and 200 mm pipes. The City of Regina provided the 1993 
percentages of the four pipe sizes: 62.4%, 21.1%, 10.7% and 5.8%, respectively (Guan 1995). Based on 
this information. When converted to the number of breaks per unit length (km) per year for AC water mains 
(Table 2) the break rate decreases with increased pipe size. This finding agrees with that of previous 
researchers, e.g., Mordak and Wheeler (1988), among others. For Regina, the rate for 150 mm pipes 
(0.22 breaks per km per yr) is nearly double the rate for 200 mm pipes (0.13 breaks per km per yr), which 
is nearly 4 times the rate for 250 and 300 mm pipe (about 0.04 breaks per km per yr). 

Table 2 Number of breaks of various diameter pipes (1994-2003) 
Diameter (mm) 150 200 250 300 Others* Total 

No. Breaks 719 149 20 14 9 91 1 

Percentage 78.9% 16.4% 2.2% 1.5% 1.0% 100% 

Breaks/km/year 0.21 5 0.132 0.035 0.044 

* Others include 100 mm, 400 mm and unknown pipe sizes (not recorded) 

The reasons for the tendency for decreasing pipe breakage with increasing pipe diameter may be 
attributed to higher bending moment resistance associated with larger diameter pipes, as suggested by 
Mordak and Wheeler (1988). A greater diameter pipe with a larger moment of inertia will have lower 
bending stresses in the pipe if the external loading condition is the same and, therefore, will have less 
possibility of circumferential failure. A large wall thickness associated with a larger diameter pipe may not 
be important because chemical attack related breaks were only a small percentage of total breaks. 

4. DISCUSSION 

In the previous section, the failure conditions of AC water mains in the City of Regina were analyzed and 
the possible factors causing the failures were also discussed. Pipe age, size, climate and soil conditions 
were cited as possible factors which may influence the AC pipe conditions and cause them to break. 
These factors, along with other possible factors identified during the repair records review and field 
observations at repairs performed in the summer and fall of 2004, are discussed in this section. 

4.1. Climate 

Climate appears to be one of the most important factors contributing to the observed AC water main 
failure patterns. Two peaks in the historic data plot (Figure 2) are all related to off-normal climate 
conditions in 2001 and 2003, respectively. The higher number of breaks in 2003 corresponds to a hot 
summer with a long dry period. Abnormal weather was also observed in 2001, with a record rainfall in July 
followed by extremely low rainfall in August and September. The cyclic pattern of the monthly pipe 
breakage, as illustrated in Figure 3, may also be attributed to the seasonal cyclic pattern of climate 
changes in this region. 

The summer season in Regina usually sees high temperatures and relatively low precipitation, especially 
in August and September. During these dry months, soil moisture is depleted due to evapotranspiration. A 
reduction in moisture content will result in shrinkage of the cohesive clay soils that are predominant within 
the Regina region and cause loading of the buried pipes. Additionally, the drying of the clay may reduce 
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the attenuation of imposed traffic and other loads, leading to higher loads transmitted to the pipes. The 
relative effect of these factors in contributing to the high incidences of breaks in summer, especially those 
in 2001 and 2003, requires further study. 

Figure 3 also shows that a second peak in pipe break number occurs during the coldest period of the year 
for both of the abnormal years. This phenomenon has been observed by many researchers, including 
Rajani and Zhan (1996) and Selvadurai and Shinde (1993). It has been attributed to increased earth loads 
on the buried pipes due to freezing and expansion of the water in the ground. The process involves not 
only the water near the freezing front (OOC isotherm), but also the moisture around the front through 
migration towards the freezing front (Shah and Razaqpur 1993). A loss in moisture, as discussed 
previously, will further worsen the environment of water mains by causing soil movement around the 
pipes. In addition, a decrease in temperatures external to the pipe during the winter season will cause an 
increase in pipe tensile stress (Zhan and Rajani 1997). The very cold temperatures in the winter season of 
2001 and 2003 may have contributed to the second peak of breaks that occurred in these two years. 

4.2. Soil 

The clay soil in the Regina region is a Montmorillonite type clay and consequently has high rates of 
volumetric shrinkage and expansion due to changes in moisture content. The change in soil volume will 
result in soil movement, which, in turn, induces additional stress on buried pipes. The soil movement may 
cause these stresses through different mechanisms, such as non-uniform bedding support and differential 
settlement. Since non-uniform soil bedding support or differential soil settlement is typically related to axial 
bending or beam action, it is expected that bending-related failures will be significant, especially during the 
period when greater soil moisture change occurs. The high incidence of circumferential failures (Table 1 ) 
and the large proportion of failures on small diameter mains (Table 2) are consistent with such external 
loading imposing bending stresses on the pipes. 

Besides climate (temperature and precipitation), other factors may also cause change in moisture content, 
including water uptake by vegetation (e.g., roots of large trees), pipe leakage and other activities, such as 
pipe repairs. 

4.3. Corrosion 

In general, the water transported inside the pipes and the external soil and ground water conditions can 
influence the condition of asbestos cement pipes. The total breaks due to corrosion (Hole-in-main and 
Pinhole, as presented in Table I),  represent only 1 percent of the total number of failures, indicating that 
corrosion is not an important factor in AC water main failure in Regina. The non-corrosive environment 
was confirmed by exhumed AC water mains showing smooth internal surfaces even after 50 years in 
service. 

4.4. Pipeage 

The annual break curve of AC water mains (Figure 2) indicates that the system condition is deteriorating 
with time, especially in recent years. Since all the impacts induced by the physical, environmental and 
operational factors will accumulate with time, it is expected that more breaks will occur with increased pipe 
age. Therefore, the age of water mains is expected to be a overall factor affecting pipe breakage. 
However, the actual mechanisms behind the age effect have not been separately evaluated and these 
factors require further study. 

4.5. Other factors 

Other factors may include construction specifications and practices, operating pressures, manufacturing 
processes, traffic, etc. For example, the variable stresses due to traffic loading may induce pipe breakage 
by fatigue action. The increased breaks in August and September may also be due to the increased traffic 
volume in the summer season. 
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5. SUMMARY AND CONCLUSION 

The historical failure data for asbestos cement water mains in the City of Regina were analyzed for the 
period from 1994 to 2003 to assess the condition and identify the factors that significantly influence the 
breakage of these water mains. The failure data suggest that the condition of the AC water mains in the 
City of Regina is deteriorating, with the number of failures increasing annually at an exponential rate 
during the IO-year period. Years 2001 and 2003 have recorded the two highest water main break numbers 
in history, due to particularly abnormal climate conditions in these two years. Most of the breaks occurred 
during the dry summer months and the cold winter months. Circumferential breakage was the predominant 
failure mode. 

Uneven spatial and temporal patterns of AC water main breaks in the city were also observed. Pipe 
breakage was concentrated in a few subdivisions such as the central, central-west, northwest and 
southern areas. Water quality was not found to be an important factor in terms of pipe corrosion. 

The primary causes behind the AC water main break patterns are attributed to the properties of the 
Regina clay and the local climate. Regina clay has a very high swelling and shrinkage potential upon 
moisture change. The high expansive characteristics of Regina clay coupled with a reduction of soil 
moisture content in summer contributes to the high incidence of pipe breaks in summer seasons and the 
break peaks in the driest years. Frost load and temperature change may have contributed to the relatively 
small peaks in breakage noted during the winter months. 

Pipe diameter, age and other construction specifications and practices are also important factors when the 
pipe failure patterns in Regina were analyzed. These factors may influence the pipe failure patterns 
themselves and the effect may become more severe by combining with particular soil and climate factors. 
Further study of the contributing factors identified in this study will lead to a better understanding of the 
failure mechanisms, which is essential for the performance prediction of these water mains and, therefore, 
the management of the city’s AC water main assets. 
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Introduction. A new kind of challenge is emerging in the United States, one 
that for many years was largely buried in our national consciousness. Now it can 
be buried no longer. Much of our drinking water infrastructure, the more than one 
million miles of pipes beneath our streets, is nearing the end of its useful life 
and approaching the age at which it needs to be replaced. Moreover, our shifting 
population brings significant growth to some areas of the country, requiring larger 
pipe networks to provide water service. 

As documented in this report, restoring existing water 
systems as they reach the end of their useful lives and 
expanding them to serve a growing population will cost at 
least $1 trillion over the next 25 years, if we are to maintain 
current levels of water service. Delaying the investment can 
result in degrading water service, increasing water service 
disruptions, and increasing expenditures for emergency 
repairs. Ultimately we will have to face the need to “catch 
up” with past deferred investments, and the more we delay 
the harder the job will be when the day of reckoning comes. 

In the years ahead, all of us who pay for water service will 
absorb the cost of this investment, primarily through higher 
water bills. The amounts will vary depending on community 
size and geographic region, but in some communities 
these infrastructure costs alone could triple the size of a 
typical family’s water bills. Other communities will need to 
collect significant “impact” or development fees to meet the needs of a growing 
population. Numerous communities will need to invest for replacement and 
raise funds to accommodate growth at the same time. Investments that may be 
required to meet new standards for drinking water quality will add even more to 
the bill. 

Although the challenge to our water infrastructure has been less visible than other 
infrastructure concerns, it’s no less important. Our water treatment and delivery 
systems provide public health protection, fire protection, economic prosperity and 
the high quality of life we enjoy. Yet most Americans pay less than $3.75 for every 
1,000 gallons of safe water delivered to their taps. 

This report demonstrates that as a nation, we need to bring the conversation 
about water infrastructure above ground. Deferring needed investments today 
will only result in greater expenses tomorrow and pass on a greater burden to 
our children and grandchildren. It’s time to confront America’s water 
infrastructure challenge. 

The Era of Infrastructure Replacement. More than a decade ago 
the American Water Works Association (AWWA) announced that a new era was 
dawning: the replacement era, in which our nation would need to begin rebuilding 
the water and wastewater systems bequeathed to us by earlier generations. Our 
seminal report-Dawn of the Replacement Era-demonstrated that significant 
investments will be required in coming decades if we are to maintain the water 
and wastewater systems that are so essential to our way of life. 
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The Dawn report examined 20 water systems, using a relatively new technique 
to build what came to be called a “Nessie Curve” for each system. The Nessie 
Curve, so called because the graph follows an outline that someone likened to a 
silhouette of the Loch Ness Monster, revealed that each of the 20  water systems 
faced unprecedented needs to rebuild its underground water infrastructure-its 
pipe network. For each system, the future investment was an “echo” of the 
demographic history of the community, reflecting succeeding generations of 
pipe that were laid down as the community grew over many years. Most of those 
generations of pipe were shown to be coming to an end of their useful service 
lives in a relatively compressed period. Like the pipes themselves, the need for 
this massive investment was mostly buried and out of sight. But it threatens our 
future if we don’t elevate it and begin to take action now. 

The present report was undertaken to extend the Dawn report beyond those 
20 original cities and encompass the entire United States. The results are 
startling. They confirm what every water utility professional knows: we face 
the need for massive reinvestment in our water infrastructure over the coming 
decades. The pipe networks that were largely built and paid for by earlier 
generations-and passed down to us as an inheritance-last a long time, but 
they are not immortal. The nation’s drinking water infrastructure-especially the 
underground pipes that deliver safe water to America’s homes and businesses- 
is aging and in need of significant reinvestment. Like many of the roads, bridges, 
and other public assets on which the country relies, most of our buried drinking 
water infrastructure was built 50  or more years ago, in the post-World War II era 
of rapid demographic change and economic growth. In some older urban areas, 
many water mains have been in the ground for a century or longer. 

Given its age, it comes as no surprise that a large proportion 
of US water infrastructure is approaching, or has already 
reached, the end of its useful life. The need to rebuild these 
pipe networks must come on top of other water investment 
needs, such as the need to replace water treatment plants 
and storage tanks, and investments needed to comply with 
standards for drinking water quality. They also come on top 
of wastewater and stormwater investment needs which- 
judging from the US Environmental Protection Agency’s 
(USEPA) most recent “gap analysis’’-are likely to be as large 
as drinking water needs over the coming decades. Moreover, 
both water and wastewater infrastructure needs come on 
top of the other vital community infrastructures, such as 
streets, schools, etc. 

Prudent planning for infrastructure renewal requires credible, 
analysis-based estimates of where, when, and how much 
pipe replacement or expansion for growth is required. This 

a comprehensive and robust national-level analysis of the 
)cation of the investments necessary to renew water mains 
!cades. It also examines the additional pipe investments we 
ieet projected population growth, regional population shifts, 
rowth through 2050. 

4 BURIED NO LONGER CONFRONTING AMERICAS WATER INFRASTRUCTURE CHALLENGE 



This analysis is based on the insight that there will be “demographic echoes” in 
which waves of reinvestment are driven by a combination of the original patterns 
of pipe investment, the pipe materials used, and local operating environments. 
The report examines the reinvestment demands implied by these factors, along 
with population trends, in order to estimate needs for 
pipe replacement and concurrent investment demands to 
accommodate population growth. 

Although this report does not substitute for a careful and 
detailed analysis at the utility level as a means of informing 
local decisions, it constitutes the most thorough and 
comprehensive analysis ever undertaken of the nation’s 
drinking water infrastructure renewal needs. The keys to 
our analysis include the following: 

1. Understanding the original timing of water system 
development in the United States. 

2. Understanding the various materials from which pipes were 
made, and where and when the pipes of each material 
were likely to have been installed in various sizes. 

3. Understanding the life expectancy of the various types and 

4. Understanding the replacement costs for each type and size of pipe. 

5. Developing a probability distribution for the “wear-out” of each pipe cohort. 

sizes of pipe (“pipe cohorts”) in actual operating environments. 

Methodology 
For this report, we differentiated across four water system size categories*: 

m Very small systems (serving fewer than 3,300 people, representing 
84.5% of community water systems). 

Small systems (3,300 to 9,999 served, representing 8.5% of community 
water systems). 

I[ Medium-size systems (10,000 to 49,999 served, representing over 
5.5% of systems). And, 

Large systems (serving more than 50,000 people, representing 
1.5% of community water systems). 

* Note that the water system size categories used in this analysis are not identical to the size 
categories USEPA uses for regulatory purposes. Note also that although data were analyzed 
based on these four size categories, some of the graphs that accompany this report combine 
medium-size and small systems. This is done for simplicity in the visual presentation, when the 
particular dynamics being represented are closely similar for medium-size and small systems. 
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I by USEPA, the water industry, and the US Census Bureau were tapped to obtain a 
solid basis for regional pipe installation profiles by system size and pipe diameter.' _L 

. . .  
especiatly useful in this analysis. The report also used the AWWA Water/Stats 
database, the USEPA Community Water Supply Survey, and data from the 2002 
Public Works Infrastructure Survey (PWIS) as essential inputs in the analysjs. 

' . ' . ' ' 

. - .  
us;;.,. 

Figure 2 Historic Investment Profile for All US Water Systems, 1850-2000 

I Estimated Aggregate Investment in US Water Mains (in millions of 2010 ts)  

. . .  . .  
In addition, we conducted a limited survey of professionals in the field concerning : ,-" !. 
pipe replacement issues and other relevant "professional knowledge." The 
national aggregate for the original investment in all types and sizes of pipes is 
shown in Figure 2, while Figure 3 shows the aggregate current replacement value 

. 1 . .  

. .  . 
, . -  

. I  . .  . _  . .  - * .  of water pipes by pipe material and utility size, totaling over $2.1 trillion. - . . .  , 
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. .“ : : Figure 3: Aggregate Replacement Value of Water Pipes by Pipe Material and UtilitySize 
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Finally, we used historical data on the production and use of seven major types of 
: pipe with 14 total variations (Figure 4) to estimate what kinds of pipe were installed 
- in water systems in particular years. This was validated by field checking with a 

sample of water utilities as well as checking against the original Nessie analysis. 
Together these steps resulted in the development of 16 separate inventories 
(four regions with four utility sizes in each region), with seven types of pipe in 
each inventory, thus providing the most comprehensive picture of the nation’s 
water pipe Inventory ever assembled. Note that in some of the report’s graphs, 

,“long-” and “short-lived” versions of certain pipe materials are combined, for 

In order to consider growth, it was also necessary to’examin 
across rural, suburban, and urban settings over the past century. US Census Bureau 

purposes of visual simplicity in the presentation. - <  
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projections of demographic trends allowed the development 1 of infrastructure need profiles for growth through 2050 in 

to manage the number of main breaks that occur per mile 
of pipe rather than absorb increases in pipe failures. That 
is, the study assumes utilities will strive to maintain current 
levels of service rather than allow increasing water service 

emergency repairs. 

life of the pipes in our inventory using the 
“Nessie ModeYTM. The model embodies pipe 
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Figure 6: Aggregate Needs for Investment in Water Mains Through 2035 and 2050, by Region 

I$92,218 I$16,525 . ._ I$108,744 

2011-2035 Totals 

reflected in Figure 5. Note that the actual lives of pipes may be quite different in a 
given utility. Because pipe life depends on many important local variables as well 
as upon utility practices, predicting the actual life expectancy of any given pipe is 
outside the scope of this study. Many utilities will have 
pipes that last much longer than these values suggest 
while others will have pipes that begin to fail sooner. 

~ ’However, these values have been validated as national 
“averages” by comparing them to actual field experience 
in a number of utilities throughout the country. The 
model also includes estimates of the indicative costs to 
replace each size category of pipe, as well as the cost 
to repair the projected number of pipe breaks over time 
according to pipe size. 

7 
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The analysis of pipe replacement needs is compiled in 
he Nessie Model by combining the demographically 

based pipe inventories with the projected effective 
service lifetimes for each pipe type. This yields an 
estimate of how much pipe of each size in each region 

ust be replaced in each of the coming 40 years. 
in the typical cost to replace these pipes, 
an estimate of the total investment cost for 
re year. The model then derives a series of 

graphs (the Nessie curves) that depict the amount of 
spending required in each future year to replace each 
of the different pipe types by utility size and region. 
Aggregating this information, we derived the dollar value 
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evenly divided between replacement due to wear-out and needs generated 

Over the coming 40-year period, through 2050, these needs exceed $1.7 trilli 
Replacement needs account for about 54% of th 
46% attributable to population growth and migration over that pe 

Figure 6 (previous page) shows aggregate needs 
through 2050, due to wear-out and population growth, 

2. Household Water Bills Will GO Up. Important caveats are 
necessary here, because there are many ways th 
water infrastructure can be allocated among customers. Variables inch 
structures, how the investment is financed, and other important local factors. But 
the level of investment required to replace worn-out pipes and maintain current 
levels of water service in the most affected communities could in some cases 

across the population in a “pay-as-you-go” approach (See “The Costs Keep 
Coming” below). Figures 7 and 8 illustrate the increasing cost of water that can 
be expected by households for replacement, and for replacement plus growth, . . 
respectively. The utility categories shown in these figures are presented to depict . I 

a range of household cost impacts, from the least-to-the-most affected utilities. ~ 

Figure 7: Costs per Household for Water Main Replacement by Utility Size and Region 

. .  ;- 

triple household water bills. This projection assumes the costs are spread evenly . . .  . : . 

. . . .  

Water Main Costs per Household: Replacement (constant $2010) 
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: : With respect to the cost of growth, other caveats are important. Many 
ommunities expect growth to pay or help pay for itself through developer fees, 
mpact fees, or similar charges. In such communities, established residents will 
ot be required to shoulder the cost of population growth to the extent that these 
es recover those costs. But regardless of how the costs of replacement and 

wth are allocated among builders, newcomers, or established residents, the 
. . .  - -  . .  . . . . . . . . . . .  _ _  1 - total cost that must be borne by the community will still rise. . . . .  , C .  

A .  

3. There Are Important Regional Differences. The growing 
-national need affects different regions in different ways. In general, the Sout 

‘ and the West will face the steepest investment challenges, with total needs 
:accounting for considerably more than half the national total (see Figures 6 and 
9). This is largely attributable to the fact that the population of these regions is : - . .  

. . .  . .  growing rapidly. In contrast, in the Northeast and Midwest, growth is a relatively . . .  



This regional perspective reveals the inherent difficulty of managing infrastru 
supply and demand. Although water pipes are fixed in place and long-lastin 
population that drives the demand for these assets is very mobile and dyna 
People move out of one community, leaving behind a pipe network of fixed 

4. There Are Important Differences Based on System Si 
As with many other costs, small communities may find a steeper challen 
on water infrastructure. Small communities have fewer people, and thos 
are often more spread out, requiring more pipe "miles per customer" th 
systems. In the most affected small communities, the study suggests 
typical three-person household could see its drinking water bill increas 
much as $550 per year above current levels, simply to address infrastr 
needs, depending as always on the caveats identified abo 
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cost increases ranging from roughly $75 to more . : : : 
than $100 per year by the mid-2030s, assuming . : _. 
the expenses were spread across the population - : . 
in the year they were incurred. Figure 10 illustrates 
the differing total costs of required investment b y  !- 
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That is, by the time the last cohort of pipes analyzed ; 
in this study (predominantly the pipes laid between I 

the late 1800s and 1960) has been replaced in, for 
. 

example, 2050, it may soon thereafter be time to . 
begin replacing the pipes laid after 1960, and so on. : 

I .  

In that respect, these capital outlays are unlike those . _' . I -  
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. .  5. The Costs Keep Coming. The national- 
level investment we face will roughly double from : p .' 
about $13 billion a year in 2010 to almost 
$30 billion annually by the 2040s for replacement 
alone. If growth is included, needed investment 
must increase from a little over $30 billion today 
to nearly $50 billion over the same period. This level : 
of investment must then be sustained for many years, 
if current levels of water service are to be maintained. 
Many utilities will have to face these investment 
needs year after year, for a t  least several decades. 
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Totalwater Main Investment Needs for Asset 
Rephccment and Growth, by System Size 
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6. Postponing Investment Only Makes the Problem Worse. 
Overlooking or postponing infrastructure renewal investments in the near term will 
only add to the scale of the challenge we face in the years to come. Postponing 
the investment steepens the slope of the investment curve that must ultimately 
be met, as shown in Figure 11 (next page). It also increases the odds of facing 
the high costs associated with water main breaks and other infrastructure 
failures. The good news is that not all o f  the $1 trillion investment through 2035 
must be made right now. There is time to make suitable plans and implement 

- : . -' - _. . . . : .'policies that will help address the longer-term challenge. The bad news is that the 
required investment level is growing, as more pipes continue to  age and reach the 

As daunting as the figures in this report are, the prospect of not making the 
necessary investment is even more chilling. Aging water mains are subject to 
more frequent breaks and other failures that can threaten public health and 
safety (such as compromising tap water quality and fire-fighting flows). Buried 

8 infrastructure failures also may impose significant damages (for example, through 
looding and sinkholes), are costly to repair, disrupt businesses and residential 

mmunities, and waste precious water resources. These maladies weaken our 
.. ;.economy and undermine our quality of life. As large as the cost of reinvestment 

ay be, not undertaking it will be worse in the long run by almost any standard. 
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Because pipe assets last a long time, water systems that were built in the latter 
part of the 19th century and throughout much of the 20th century have, for the 
most part, never experienced the need for pipe replacement on a large scale. . . : 
The dawn of the era in which these assets will need to be replaced puts a - . 

growing financial stress on communities that will continually increase for 
decades to come. It adds large and hitherto unknown expenses to the more 
apparent above-ground spending required to meet regulatory standards and 
address other pressing needs. 
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are significant differences in the timing 
and magnitude of the challenges facing 
different regions of the country and 

are real, they are large, and they are . 

The United States is reaching a 
crossroads and faces a difficult choice. 

growing costs of living with aging and 

Or, we can carefully prioritize and 



, . -  . .  . . _ .  
I .  - . * .  . * . , . > :  . .  I -  . .  ~ 

1 . . -  . . . . .  . . t . .  
. .  - 

. .  S "  . , . : :  . . . . . . . .  
' .... .. ; r . - : .  

* t - . .  . . . .  . . . . .  ., . . . . .:: . . . . . . . .  ' .  8 . :  ' ., 
j .  . j z .  - . .  . . .  
. . . .  . . . . . . .  

- .  - .  
- . i  . : I -  . .  . .  . . . . .  '. I .- :. . , * . E .  

* . .  , 

8 .  . i  i , ..1 

. :-.  . I . > ;  . . . . . . . . . . . . . .  ., :. I 

' . . _  : .  
.* : [ It is clear the era AWWA predicted a decade ago-the replacement era-has 

arrived. The issue of aging water infrastructure, which was buried for years, can 
be buried no longer. Ultimately, the cost of the renewal we face must come from 
local utility customers, through higher water rates. However, the magnitude . .. 
fifth- -n=+ ~ n d  the associated affordability and o t P  Tdverse imDacts on ' . 

. . . .  
= -  > = . : . I  

. .  . :  : . .  

, . .  . . . . . . .  . .  
d .... ; ; ,,. ....... ,/ 
. . .  . .  ,+ . . . .  f . .  , . , ., ii .. , 

~ ,- * ,. p , 
I .  

- . . *  . . .  . - .  . . . .  
I . ._ .  .~ . _ .  
. .  . . . . . .  . . . . .  

. . . .  

communities-as well a, _.._ .-rying degrees of impact to be felt ac.,,; regions 

the federal government as well. In particular, states and the federal government 

,their customers to invest more, but it's important this investment be in things 

. . .  
- *  - .  

. - a  , 
. ' . l i .  

. % . .  . . .  . . .  . . .  . . .  

- . .  . - .  
. . : . A -  

I . . , . *  . .  . .  , . . . .  



Additional Information and Reso 
A full and robust infrastructure analysis is an indisp 
making by water and wastewater utilities. This rep 
such detailed local analysis for purposes of desig 
management program for indi 

Additional information is available from AWWA-C 
Particular attention should be given to the WITAF reports Dawn of the 
Replacement Era, Avoiding Rate Shock, Thinking 
lnfrastructure a t  a Turning Point. In addition, Ma 
Rates, Fees, and Charges, and the AWWA Utility Management Standards may be 
helpful. For more information, visit the AWWA Bookstore at www.awwa.org/store. 

A number of graphs and figures from this report 
AWWA website at www.awwa.org/infrastructure. They include: 

Estimated Distribution of Mains by Material House 

Northeast , 

South 
West 

by Region and Size of Utility . . . . Medium 

Very Small 
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The charts show needs for replacement of particular types of pipe and for growth (see the keys below 
and to the right of the chart). An artifact of the model and US Census data result in an apparent upward 
or downward "spike" in growth-related needs between certain decades. In reality, the apparent sudden 
shift in growth-related needs will be spread more evenly over the years bridging each decade to the next. 
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Nitrates and Nitrites 
TEACH Chemical Summary 

U.S. EPA, Toxicity and Exposure Assessment for Children’s Health 
This TEACH Chemical Summary is a compilation of information derivedprimarily from U.S. EPA and ATSDR resources, 
and the TEACH Database. The TEACH Database contains summaries of research studies pertaining to developmental 
exposure andor health effects for each chemical or chemical group. TEACH does not perform any evaluation of the validity 
or quality of these research studies. Research studies that are specijk for adults are not included in the TEACH Database, 
and typically are not described in the TEACH Chemical Summary. 

1. INTRODUCTION 

Nitrates and nitrites are chemicals used in fertilizers, in rodenticides (to kill rodents), and as food 
preservatives ( 1  -5). Nitrates and nitrites come in various forms, but when dried are typically a white or 
crystalline powder. Nitrate 0 \ 7 0 3 - )  and nitrite (N02-) are also naturally-occurring compounds that are a 
metabolic product of microbial digestion of wastes containing nitrogen, for example, animal feces or 
nitrogen-based fertilizers (2, 4). Sodium and potassium nitrates are used as fumigants in canisters, which 
are placed underground in rodent dens and holes, and then ignited to explode and release gases that kill 
the rodents (1 , 3). Sodium nitrite is a food additive that is used as a preservative (4, 5) .  

Likely exposure pathways for children include ingesting contaminated drinking water, most commonly 
of concern for private wells (4); and foods containing preservatives, particularly cured meats such as hot 
dogs and lunch meats (4-7). Nitrates have also been detected in fruits and vegetables (6, 8-10). 

Exposure to nitrates and nitrites at levels above health-based risk values (see Section VI in this Chemical 
Summary) has been reported to have adverse health effects on infants and children. The health effect of 
most concern to the U.S. EPA for children is the “blue baby syndrome” (methemoglobinemia) seen most 
often in infants exposed to nitrate from drinking water used to make formula (1 1). Infants of ages 0-3 
months are at highest risk for blue baby syndrome because their normal intestinal flora contribute to the 
generation of methemoglobin; older children and adults can experience this syndrome, but at higher 
concentrations of nitrates (2,4). The blue baby syndrome is named for the blue coloration of the skin of 
babies who have high nitrate concentrations in their blood. The nitrate binds to hemoglobin (the 
compound which carries oxygen in blood to tissues in the body), and results in chemically-altered 
hemoglobin (methemoglobin) that impairs oxygen delivery to tissues, resulting in the blue color of the 
skin (4, 12). The blue coloration can be seen in the lips, nose, and ears in early stages of blue baby 
syndrome, and extend to peripheral tissues in more severe cases. Reduced oxygenation of the tissues can 
have numerous adverse implications for the child, the most severe of which are coma and death (4). 

Exposure to higher levels of nitrates or nitrites has been associated with increased incidence of cancer in 
adults, and possible increased incidence of brain tumors, leukemia, and nasopharyngeal (nose and 
throat) tumors in children in some studies (8, 9, 11, 13-19) but not others (20-29). The U.S. EPA 
concluded that there was conflicting evidence in the literature as to whether exposures to nitrate or 
nitrites are associated with cancer in adults and in children (1,2). 

Supporting references and summaries are provided in the TEACH database at htt~://(vww.e~npov/teach/. 
Last revised 5/22/07: includes research articles and other information through 2006. 
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Chemical Summary Form, Nitrates (continued) 

II. EXPOSURE MEDIA AND POTENTIAL FOR CHILDREN’S EXPOSURE’ 

Exposure 
Media 
Diet 

Groundwater 

Drinking Water 

Sediment 

Soil 

Ambient Air 

Indoor Air 

Relative 
Potential for 
Chi Id ren’s 
Expos u 
Higher 

Medium 

Medium 

Lower 

Lower 

Lower 

Lower 

Basis4 
Use of nitrate fertilizer on crops can result in higher 
concentrations in some foods. Nitrites and, less often, nitrates 
are used as preservatives in foods such as cured meats, for 
example, bacon and salami. Nitrates have been found in 
vegetables and some baby foods that contain vegetables. 
Nitrates and nitrites in fertilizers readily migrate from 
fertilized soil to groundwater. 
For many situations, the potential for children’s exposure from 
drinking water is medium to low. The potential can be higher 
when private wells become contaminated with nitrates from 
feed lot and agricultural runoff, and contaminated 
groundwater. Some geographic areas are at higher risk of 
drinking water contamination of private wells with nitrates. 
Nitrates and nitrites are highly water soluble and therefore less 
likely to Dartition to sediment. 
Nitrates and nitrites are not retained in soil and quickly 
partition to any water phase. 
Nitrates and nitrites are not volatile and are not generally 
released into the air. Registered users of fumigant canisters 
containing nitrates for killing of rodents follow strict use 
protocols that limit exposure to fumes from its use. 
Nitrates and nitrites are not usually released in indoor air. Use 
of nitrite or nitrate inhalants from commercial products in the 
home may be a concern for adolescents. 

’ For more information about child-specific exposure factors, please refer to the Child-Specific Exposure Factors 
Handbook (http://c~ub.epa.~ov/ncea/cfm/recordisplay.cfm?deid=55 145). 

The Relative Potential for Children’s Exposure category reflects a judgment by TEACH Workgroup, U.S. EPA, that 
incorporates potential exposure pathways, frequency of exposure, level of exposure, and current state of knowledge. Site- 
specific conditions may vary and influence the relative potential for exposure. For more information on how these 
determinations were made, go to http://www.epa.fzov/teach/teachprotocols chemsumm.htm1. 

portion of the population, whereas a lifestage is inclusive of the entire population. 

TEACH Database (http://www.epa.gov/teach). 

Childhood represents a lifestage rather than a subpopulation, the distinction being that a subpopulation refers to a 

41nformation described in this column was derived from several resources (e.g., 1-5) including studies listed in the 

Supporting references and summaries are provided in the TEACH database at httmYivww.emaov/teach/: 
Last revised 5/22/07: includes research articles and other information through 2006. 
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Chemical Summary Form, Nitrates (continued) 

111. TOXICITY SUMMARY’? 

Reduced oxygenation of hemoglobin (methemoglobinemia) has been reported after exposure to nitrate- 
and nitrite-contaminated drinking water; also called the “blue baby syndrome” because of the cyanotic 
(oxygen-deficient) symptoms that result from the reduced oxygenation of the blood (2,4). Infants less 
than 4 months old are the most sensitive population for methemoglobinemia following exposure to 
nitrates and nitrites, but it does occur in older age groups (12, 13, 30-33). Severe methemoglobinemia 
can lead to coma or death (2,4). 

Other health effects following fetal exposure to elevated levels of nitrates in drinking water included 
intrauterine growth retardation (34), increased incidence of Sudden Infant Death Syndrome (SIDS) (3 5), 
cardiac defects (36), and increased risk of nervous system defects (37-40). 

The U.S. EPA concluded that there was conflicting evidence in the literature as to whether exposures to 
nitrate or nitrites are associated with cancer in adults and in children (1 , 2). The types of cancers studied 
included non-Hodgkin’s lymphoma as well as stomach and gastric cancers in adults (1 1); and brain 
tumors, leukemia, and nasopharyngeal cancers in children (1 3-1 8,20-25, 28, 29). Maternal (during 
pregnancy) or child consumption of nitrite-containing meats may be associated with increased incidence 
of brain tumors in children (for more details, see Human Exposures and Effects section) (1 3, 15-1 7). 

A few studies have reported other health effects that are possibly associated with nitrate exposure in 
children, including increased incidence of childhood diabetes (4 l), recurrent diarrhea (42), and recurrent 
respiratory tract infections (43). Other reported effects of chronic exposure reported in adults include 
frequent urination and spleen hemorrhaging (bleeding) (2,4). Acute high dose ingestion exposure to 
nitrates can cause abdominal pain, muscle weakness, blood in stools and urine, fainting, and death (4). 

Carcinogenicity Weight-of-Evidence Classification : There is no weight-of-evidence classification in 
the U.S. EPA IRIS file available at this time for either nitrates (http://www.epa.gov/iris/subst/OO76.htm) 
or nitrites (http://www.epa.~ov/iris/subst./OO7S.htm). The World Health Organization International 
Agency for Research on Cancer (IARC) ranked nitrates and nitrites high on the priority list for 
upcoming review of possible carcinogenicity of ingested nitrates and nitrites 
(http://monographs.iarc.fr/ENG/MeetinRs/prioritylist.pdf). 

7 

Please refer to research article summaries listed in the TEACH Database for details about study design considerations 

This toxicity summary is likely to include information from workplace or other studies of mature (adult) humans or 
(e.g., dose, sample size, exposure measurements). 

experimental animals if child-specific information is lacking for the chemical of interest. Summaries of articles focusing 
solely on adults are not listed in the TEACH Database because the TEACH Database contains summaries of articles 
pertaining to developing organisms. 

Carcinogen Risk Assessment and Supplemental Guidance on Risks from Early Life Exposure” at 
h t t d w w w .  eua.gov/cancerguidelines. 

’ For recent information pertaining to carcinogen risk assessment during development, consult “Guidelines for 

Supporting references and summaries are provided in the TEACH database at htta://www.eaapov/teuc~~ 
Last revised 5/22/0 7: includes research articles and other information through 2006. 
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Chemical Summary Form, Nitrates (continued) 

IV. EXPOSURE AND TOXICITY STUDIES FROM THE TEACH DATABASE 
This section provides a brief description of human and animal studies listed in the TEACH Database. These descriptions 
generally include the overall conclusion in each study without evaluation or assessment of scient@ merit by TEACH, For 
more details about doses and exposure levels, query the TEACH Database. Any consideration of adverse events should 
include an understanding of the relative exposure on a body weight basis. In many cases, exposure levels in animal studies 
are greater than exposure levels normally encountered by humans. 

A. HUMAN EXPOSURE AND EFFECTS 

Nitrate contamination of drinking water is of special concern in agricultural areas (4, 12, 30, 44, 45). 
Nitrate-contaminated drinking water often arises as a result of fertilizers applied to crops, which are 
converted to nitrate in the soil and then seep into groundwater and into private residential wells. Of 
particular concern is proximity of animal feed lots to some groundwater sources of drinking water, 
which may lead to groundwater contamination with nitrates from run-off from these feed lots (3, 6, 

Nitrates have been measured in foods, and have been detected in vegetables and preserved meats (6- 
8, IO,  13, 46, 47), and baby foods (9, 48, 49). Nitrate and nitrite intakes for children in Estonia were 
estimated from measures of nitrate and nitrite concentrations in meat products (50) and in vegetables 

Nitrates have been detected in breast milk, and concentrations increased with increasing 
consumption of nitrates by the mother (51). Nitrates have also been measured in blood and stools of 
children (46). 

Nitrite exposure of teens from use of nitrite inhalants (e.g., “poppers” also called amyl nitrate, 
gasoline, shoe polish, halothane, whippets, and spray paints) has been reported in a survey of teens 
(52) (See Considerations for Decision Making). 

Measurement of methemoglobin concentrations in blood has been used as a biomarker of effect for 
infants and children (43). Some studies found an association between concentrations of 
methemoglobin in blood and nitrate exposure (33, 53), but other studies did not (45, 54). 

Health effects that were significantly associated with nitrate or nitrite exposure during pregnancy 
include increased incidence of intrauterine growth retardation (34), cardiac defects (36), central 
nervous system defects (37-40), Sudden Infant Death Syndrome (SIDS) (35), and miscarriage (55). 

The most sensitive health effect endpoint for nitrate exposure is methemoglobinemia in infants, also 
called “blue baby syndrome”. When humans metabolize nitrate, an alternative form of hemoglobin, 
called methemoglobin, is formed and is detectable in blood. Infants with blue baby syndrome turn 
blue because their red blood cells, which contain methemoglobin, have a decreased ability to carry 
oxygen. Blue baby syndrome has been reported following exposure of infants to nitrate- 
contaminated drinking water (1 2, 30-33). Infants of ages 0-3 months are at higher risk for blue baby 
syndrome because their normal intestinal flora contribute to the generation of methemoglobin; older 
children and adults can experience this syndrome, but at higher concentrations of nitrates (2,4). 

11, 12). 

(10). 

Supporting references and summaries are provided in the TEACH database at h~~: / /www.e~apov/ teach~ 
Last revised 5/22/07: includes research articles and other information through 2006. 
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Chemical Summary Form, Nitrates (continued) 

. The U.S. EPA concluded that there was conflicting evidence in the literature as to whether exposures 
to nitrate or nitrites are associated with cancer in adults and in children (1, 2). Exposures to nitrates 
or nitrites during pregnancy, and possible associations with incidence of cancer in children, have 
been studied. Two studies reported that increased risk of brain tumors in children was significantly 
associated with increased maternal consumption of increasing amounts of cured meats (containing 
nitrates and nitrites) during pregnancy (1 3, 17). 

Possible associations between childhood nitrate exposure and cancer have been investigated. 
Children living in areas with higher nitrate levels in drinking water had higher levels of some forms 
of chromosomal damage than control children living in areas with lower nitrate levels (56). In some 
studies, increased incidence of childhood brain cancer (1 3, 15- 1 8) and nasopharyngeal cancer (2 1) 
correlated with childhood nitrate exposure in the diet or drinking water, though other studies found 
no such correlations for some of the same cancers (20-27). An association between nitrate exposure 
and incidence of childhood leukemias was found in one study (57) but not in two others (28, 29). 
Living in areas with high nitrate levels in drinking water during childhood was associated with a 
higher incidence of testicular cancer (58) or urothelial cancer (a specific cancer of the urogenital 
tract) (23). 

Effects on other systems in humans have been associated with childhood exposure to nitrates or 
nitrites (41-43, 59-62). Exposure of children to nitrates or nitrites was associated with increased 
incidence of childhood diabetes in one study (41), but not others (59-61). Single studies have 
reported associations between children’s exposure to nitrates or nitrites, and recurrent respiratory 
tract infections (43), increased risk for thyroid disorders during adulthood (59), or recurrent diarrhea 

. 

. 

(42). 

6. EXPERIMENTAL ANIMAL EXPOSURE AND EFFECTS 

Several experimental animal studies of health effects following prenatal exposure to nitrates or 
nitrites have been reported (all studies summarized here involved exposure via maternal ingestion). 
Results of studies of teratogenic effects in offspring following maternal exposure to nitrates or 
nitrites during pregnancy were equivocal. For example, adverse effects were observed in offspring 
following prenatal exposure, including delays in brain development in the hippocampal region (63), 
decreased fetal weight gain (64, 65), increased fetal mortality (64), and delayed acquisition of certain 
behaviors (66). However in other studies, prenatal exposure resulted in no observable teratogenic 
effects following prenatal exposure to nitrate (67, 68) or nitrite (67, 69). 

Effects of prenatal exposure of mice to nitrites on the hematopoietic (blood cell formation) system 
revealed increased liver hematopoiesis in fetuses in one study (70). The liver is a major organ for 
blood cell development in fetuses. In another study, increased levels of methemoglobin were 
observed in pregnant mothers but not their fetuses following prenatal exposure to nitrite (71). 

Supporting references and summaries are provided in the TEACH database at htt~://www.e~apov/teach~ 
Last revised 5/22/07: includes research articles and other information through 2006. 
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Chemical Summary Form, Nitrates (continued) 

b Prenatal exposure to mixtures of sodium nitrite with other chemicals may have different effects than 
each chemical alone. For example, sodium nitrite administered together with ethylurea induced 
malformations in fetuses, including eye, brain, kidney, and skeletal defects; such malformations 
were not induced by administration of either chemical alone in this study (72). Increased incidence 
of brain tumors was observed in hamster offspring following concurrent maternal exposure to nitrite 
and ethylurea during pregnancy (73, 74). Nitrite and ethylurea are thought to chemically react in the 
gastrointestinal tract to form the potent carcinogen, ethylnitrosourea (73). Female offspring had a 
higher incidence of tumors than male offspring (74). 

V. CONSIDERATIONS FOR DECISION-MAKERS 
This section contains information that may be useful to risk assessors, parents, caregivers, physicians, and other decision- 
makers who are interested in reducing the exposure and adverse health effects in children for this particular chemical. 
Information in this section focuses on ways to reduce exposure, assess possible exposure, and, for some chemicals, 
administer treatment. 

The most likely exposure pathways for children are ingestion of contaminated drinking water and 
ingestion of food containing preservatives, such as cured meats and hot dogs (2,4, 5). 

General consumer information on preservatives in food is available from the U.S. FDA (75, 76). 

Some nitrites in household products have been used as inhalants by adolescents and adults to 
enhance sexual performance, and are commonly called "poppers" (77). Compounds include amyl, 
butyl, isobutyl, and cyclohexyl nitrites, and are often sold in small brown bottles and labeled as 
"video head cleaner," "room odorizer," Yeather cleaner," or "liquid aroma" (77). 

The U.S. EPA Oral Reference Dose (RD)  and the Maximum Contaminant Level (MCL) for 
drinking water (see Toxicity Reference Values in this document) are set to prevent 
methemoglobinemia in infants, the most sensitive health endpoint in children (78). 

The MCL is 1 mg/L for nitrites and I O  mg/L for nitrates in drinking water. As a potential health 
effect, the U S .  EPA states that, "Infants below the age of six months who drink water containing 
nitrate in excess of the MCL could become seriously ill and, if untreated, may die" (78). The U.S. 
EPA makes the same statement for nitrite in water (78). 

Caregivers may consider an alternate water supply, e.g. bottled water, where nitrate-contaminated 
ground water may be impacting drinking water. 

The U.S. EPA regulates public water systems, and does not have the authority to regulate private 
drinking water wells that serve fewer than 25 people (79). Some states may have rules to protect 
users of these wells. The U.S. EPA urges owners of private wells to have their well water tested 
annually and more often if someone in the household is pregnant or nursing. The U.S. EPA urges 
owners to test their well water for nitrate concentrations and several other contaminants (80). 

Nitrates are not filtered out of drinking water using filtration devices that utilize only carbon or 
activated carbon filtration. Nitrates can be filtered from drinking water using ion exchange, reverse 
osmosis, or electrolysis methods (81). 

Supporting references and summaries are provided in the TEACH database at htto:/~ww.epaaov/teach/: 
Last revised 5/22/07: includes research articles and other information through 2006. 
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Chemical Summary Form, Nitrates (continued) 

A NitrateNtrite Toxicity Case Study in Environmental Medicine is available from the U S .  Agency 
for Toxic Substances and Diseases Registry (ATSDR), which provides clinical information for 
physicians on the diagnosis and treatment of nitrate and nitrite toxicity. Details of a case study of a 2 
month-old infant with blue baby syndrome is included (4). 

Consult the “Child-Specific Exposure Factors Handbook,” EPA-60O-P-OO-O02B, for factors to 
assess children’s drinking water consumption rates (82). An updated External Draft of the 2006 
version of this handbook is available (83). 

VI. TOXICITY REFERENCE VALUES 

Oral/Ingestion 

U.S. EPA Reference Dose (RfD) for Chronic Oral Exposure: 

Nitrate, 1.6 mg/kg-day, based on the critical effect of early clinical signs of methemoglobinemia 
in infants (excess of 10%) 0-3 months of age exposed to nitrate in infant formula 
(http://www.epa.gov/iris/subst/OO76.htm, I.A.I.) (1 1). Last agency verification date 8/22/90. 

Nitrite, 1 E-1 (or 0.1) mg/kg-day, based on methemoglobinemia in infants chronically exposed to 
nitrite in drinking water (http://www.e~a.gov/iris/subst/0078.htm, I.A.I.) (84). Last agency 
verification date 2/26/86. 

U.S. EPA Drinking Water Advisories (4 kg child): 

Nitrate, 1 day=l 0 mg/kg and 10 day=l 0 mg/kg; 

Nitrite, 1 day=l mg/kg and 10 day=l mgkg  
(http://www.epa.gov/ost/drinkin~standards/dwstandards.pdf, p. 9) (85). Last revised Winter, 
2006. 

U.S. EPA Maximum Contaminant Level (MCL) for Drinking Water: 

Nitrate, 10 mg/L; nitrite, 1 mg/L. 

Both are based on potential health effects of shortness of breath and blue baby syndrome in 
infants b) (86). Last revised 7/02. 

U.S. EPA Maximum Contaminant Level Goal (MCLG): 

Nitrate, 10 mg/L; nitrite, 1 mg/L. 

Both are based on potential health effects of shortness of breath and blue baby syndrome in 
infants (http://www.epa.gov/safewater/mcl.html#mcls) (86). Last revised 7/02. 

Supporting references and summaries are provided in the TEACH database at httu://www.eu~.pov/teach/: 
Last revised 5/22/07: includes research articles and other information through 2006. 
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Chemical Summary Form, Nitrates (continued) 

VII. U.S. FEDERAL REGULATORY INFORMATION 
The reference value, U.S. EPA Drinking Water Advisory for a 4 kg Child, for both nitrate and nitrite 
were recently revised. The 1 -day and 1 0-day values for nitrate are both 10 mgkg, and for nitrite are 
both 1 mgkg  (see Toxicity Reference Values). 

The U.S. EPA regulates drinking water for public water systems and drinking water wells that serve 
at least 25 people (79); information is available for owners of private wells (80). 

Nitrite and nitrate are listed as number 21 6 and 21 9 respectively out of 275 chemicals on the 2005 
Priority List of Hazardous Substances for the Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA) section 104 (i), as amended by the Superfund 
Amendments and Reauthorization Act (SARA). This is a list in the order of priority of concern of 
substances most commonly found at sites listed on the National Priorities list (NPL); there are 
currently 275 substances on this list (87). 

The U.S. EPA requires reporting of quantities of certain chemicals that exceed a defined reportable 
quantity, and that quantity varies for different chemicals. Under the Emergency Planning and 
Community Right-to-Know Act (EPCRA) Section 3 13 “Toxic Chemicals,” quantities of nitrate 
compounds (water soluble) or sodium nitrite greater than 25,000 pounds manufactured or processed, 
or greater than 10,000 pounds otherwise used, is required; under the Comprehensive Environmental 
Response, Compensation, and Liability Act (CERCLA), reporting releases of sodium nitrite of any 
quantity exceeding 100 pounds is required (88). 

VIII. BACKGROUND ON CHEMICAL 
A. CAS Number: Nitrate 14797-55-8; Nitrite 14797-65-0. 

B. Physicochemical Properties: Nearly all nitrate and nitrite salts are soluble in water, and occur as a 
whitish powder when not dissolved in water (5 ) .  Go to the National Library of Medicine ChemID Web 
site (http://chern.sis.nlm.nih.gov/chernidplus) and search for nitrate or nitrite. 

C. Production: Fertilizers comprise the majority of environmental releases of inorganic sources of 
nitrates (5 ) .  Total U.S. reported releases of nitrate compounds totaled over 291 million pounds in 2005 

D. Uses: Primary sources of organic nitrates in the environment include human sewage and livestock 
manure (5 ) .  Sources of inorganic nitrates in the environment include potassium nitrate and ammonium 
nitrate, which may leach to ground water and contaminate private residential drinking water wells (3, 5).  
Potassium nitrates are mainly used as fertilizers and may also be used in heat transfer salts, glass and 
ceramics, rodenticides, and in matches and fireworks (2). Ammonium nitrates are mostly used as 
fertilizers, but also in explosives and blasting agents (2). 

(89). 

Supporting references and summaries are provided in the TEACH database at hn~://www.e~~.aov/teach/: 
Last revised 5/22/07: includes research articles and other information through 2006. 
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Chemical Summary Form, Nitrates (continued) 

E. Environmental Fate: Nitrates are very mobile in soil and have a high potential to migrate to ground 
water due to high solubility in water and weak retention by soil (3, 5) .  Nitrates and nitrites do not 
volatilize and therefore are likely to remain in water until consumed by plants or other organisms (3). 
Ammonium nitrate is taken up by bacteria, and nitrate degradation is fastest under anaerobic conditions 
(5) .  Nitrite is easily oxidized to nitrate, and nitrate is the more predominant compound of the two 
detected in groundwater (4). 

Additional information on nitrates and nitrites is available in the TEACH Database and at the following 
Web sites: 

www. epa.gov/iris/subst/OO 76. htm 
www. epa.gov/iris/subst/OO 78. htm 
www. epa.gov/safewater/dwh/c-ioc/nitrates. html 

Supporting references and summaries are provided in the TEACH database at h~~://www.e~apov/teach/. 
Last revised 5/22/07: includes research articles and other information through 2006. 
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A new logistic regression (LR) model was used to predict 
the probability of nitrate Contamination exceeding 4 
mg/L in predominantly shallow, recently recharged 
groundwaters of the United States. The new model contains 
variables representing (1) N fertilizer loading (p  < 0.001), 
(2) percent cropland-pasture ( p  < 0.001), (3) natural log of 
human population density (p < 0.001), (4) percent well- 
drained soils (p < 0.001), (5) depth to the seasonally high 
water table (p < 0.001), and (6) presence or absence of 
unconsolidated sand and gravel aquifers ( p  = 0.002). Observed 
and average predicted probabilities associated with 
deciles of risk are well correlated (6 = 0.875), indicating 
that the LR model fits the data well. The likelihood of nitrate 
contamination is greater in areas with high N loading 
and well-drained surficial soils over unconsolidated sand 
and gravels. The LR model correctly predicted the status of 
nitrate contamination in 75% of wells in a validation data 
set. Considering all wells used in both calibration and 
validation, observed median nitrate concentration increased 
from 0.24 to 8.30 mglL as the mapped probability of 
nitrate exceeding 4 mg/L increased from 50.17 to >0.83. 

Introduction 
Groundwater is an important national resource that provides 
drinking water for more than half of the people in the United 
States (1) .  Unfortunately, shallow groundwater (typically less 
than about 5 m in this study) is susceptible to contamination 
by chemicals derived from the land surface. Nitrate, from 
both natural and anthropogenic sources, is possibly the most 
widespread contaminant in groundwater (2). Because nitrate 
is both soluble and mobile, it is prone to leaching through 
soil with infiltrating water. Nitrate in watersheds is derived 
primarily from inorganic fertilizer, animal manure, and 
atmospheric deposition (3) and can persist in shallow 
groundwater for years. Natural sources of nitrate include 
organic N in plant matter and fixed ammonium in till and 
loess deposits (4 ,  5). 

Contamination of shallow groundwater is a public-health 
concern in areas where it is used for drinking. Even if the 
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shallow groundwater in an area is not used for drinking, 
contaminants can migrate to deeper groundwater supplies. 
Shallow groundwater is more susceptible to nitrate con- 
tamination than deep groundwater, and privately owned 
domestic wells typically are shallower than public-supply 
wells and are not routinely monitored for water quality. Nine 
percent of domestic wells sampled by the US .  Geological 
Survey’s National Water-Quality Assessment (NAWQA) pro- 
gram during 1993-2000 had nitrate concentrations exceeding 
the U.S. Environmental Protection Agency’s (USEPA’s) 
maximum contaminant level (MCL) of 10 mg/L as N (s), 
compared with 2% of public-supply wells. These exceedances 
are based on 1710 domestic wells and 264 public-supply 
wells, irrespective of depth to groundwater. 

Elevated concentrations of nitrate (greater than 2 mg/L) 
in drinking water have been associated with adverse health 
effects. Ingestion of nitrate by infants can cause low oxygen 
levels in the blood, a potentially fatal condition known as 
methemoglobinemia or “blue baby” disorder (7). For this 
reason, the USEPA established the MCL of 10 mg/L nitrate 
as N. Nitrate concentrations of 19-29 mg/L in rural, domestic 
wells in Indiana might have caused eight spontaneous 
abortions among four women during 1991 -1994 (8). Nitrate 
in drinking water also might increase cancer risk through 
production of N-nitroso compounds in the body, which are 
highly carcinogenic (9). A study of cancer incidence in Iowa 
women 55-69years old found that the risk of bladder cancer 
was 2.83 times higher and the risk of ovarian cancer was 1.84 
times higher when nitrate concentration in municipal water 
supplies exceeded 2.46 mg/L. In another study, nitrate 
concentrations of 4 mg/L or more in water from community 
wells in Nebraska increased the risk of non-Hodgkin’s 
lymphoma (lo). Shallow groundwater unaffected by human 
activities commonly contains less than 2 mg/L of nitrate 
(11) .  

Determining where shallow groundwater is at risk of 
nitrate contamination can help managers decide where to 
allocate scarce resources for cleanup, monitoring, or imple- 
mentation of alternative management practices. Logistic 
regression (LR) has been used extensively in epidemiological 
studies to predict risk and is becoming more commonplace 
in environmental applications. Logistic regression differs from 
classical, linear regression in that the modeled response is 
the probability ofbeing in a category, rather than the observed 
quantity of a response variable (12) 

where bo = constant and bx = vector of slope coefficients 
and explanatory variables. 

Logistic regression is well-suited to analysis of nondetects 
because a threshold value is specified to define the response 
categories and has been successfully applied in prior studies 
on the risk of groundwater contamination (13-22). Readers 
may consult Hosmer and Lemeshow (23) and Kleinbaum 
(24) for a detailed discussion of logistic regression. 

Logistic regression is an improvement over earlier aquifer 
vulnerability studies involving geographic information sys- 
tems (GIs). Prior researchers (25) used GIS overlays to 
estimate the likelihood of nitrate contamination of shallow 
groundwater in the United States, with statistical verification 
of resulting risk groups. In ranking and overlay methods, the 
independent variables are weighted equally. In contrast, 
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logistic regression assigns weights to independent variables 
by way of slope coefficients estimated using the observed 
data. 

The current study is a follow-up to previous LR work that 
related variables representing N sources and aquifer sus- 
ceptibility to elevated nitrate concentration in shallow 
groundwaters of the United States (211). The previous model 
was developed using data collected from 1230 wells by the 
first ZONAWQA study units that began in 1991 and contained 
the following variables: (1) N fertilizer loading to the land 
surface, (2) percent cropland-pasture, (3) natural log of 
human population density, (4) percent well-drained soils, 
(5) depth to the seasonally high water table, and (6) presence 
or absence of a fracture zone within a surficial aquifer. All 
variables were highly significant at the 0.05 level, and the 
model fits the data well. A linear regression fit of observed 
and predicted probabilities of nitrate exceeding 4 mg/L 
yielded a coefficient of determination (I) value of 0.971. 

The previous model was refined and used in the current 
study to predict the probability of nitrate contamination of 
predominantly shallow, recently recharged (within 10-20 
years) groundwaters in unsampled areas of the nation. The 
previous model had been calibrated to groundwater nitrate 
data but was not validated with an independent data set. It 
was used to identify variables that significantly influence 
nitrate contamination of shallow groundwater but was not 
used in prediction. The new model was recalibrated with 
three updated variables that represent improved sources of 
data and validated using data collected by a different set of 
NAWQA study units that began in 1994. For example, land- 
use data in the new model represent the 1990s and are more 
current than the 1970s data used in the previous model. 

A threshold of 4 mg/L nitrate was used to indicate 
anthropogenic effects relative to the 2 mg/L background level 
reported by Mueller and Helsel (I I). Additionally, nitrate 
concentrations greater than 2 mg/L but less than the MCL 
of 10 mg/L have been associated with adverse health effects 

. a  . .  ~ 

(9, 111). A modeling threshold based on the MCL of 10 mg/L 
was not used because it is considered too high to adequately 
protect drinking-water source areas. It is likely that ground- 
water in highly susceptible areas already has been contami- 
nated, and groundwater with nitrate concentration greater 
than 10 mg/L is nearly impossible to remediate. In this paper, 
a groundwater nitrate concentration greater than 4 mg/L is 
designated an "event" and concentrations of 4 mg/L or less 

* 

. . I *  . . . .  . _  * 

. . .  
t . :  , ' .  . - - .  

I *  

are designated "nonevents." : . -  . -I . 
* *  I .  

- <  . ,  . . - . .  , * ~ 

, . . + . .  . .. C .  . . . :  
. . . _ ' . I  , 

i . -. , * . . - . . . i  . . . . .  .,. . , , ~. . r. . . Methods . .  ' 
The calibration data set used in this study comprises 1280 
wells that were sampled during 1992-1995 as part of land- 
use studies conducted by the first 20 NAWQA study units 
that began in 1991 (Figure 1).  Springs and agricultural drains 
were excluded from analysis because of uncertainties in the 
source of water or contributing land-use area, and only one 
sample per well was used to preclude undue influence by 
wells that were sampled several times. Clustered wells were 
excluded to preclude over-representation of small areas. 
NAWQA land-use studies commonly have 20-30 wells and 
are designed to evaluate the quality of predominantly shallow, 
recently recharged groundwater beneath selected land uses 
in an aquifer of interest. The median depth to water for the . ,- . 
calibration data set is 4.5 m. A few wells in the data set have 
depths to water approaching 200 m, but these are in fractured 
basalt in the Upper Snake River Basin. The fractured basalt 
aquifer is hydraulically connected to irrigation recharge and, 
therefoFe, is affected by overlying land use. The validation 
data set comprises 736 wells sampled during 1996-1999 as 
part of land-use studies conducted by 16 additional NAWQA 
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study units that began in 1994 (Figure 1). . .  

All wells were sampled according to procedures described 
by Koterba et al. (26). Nitrite-plus-nitrate was analyzed by 
the USGS National Water-Quality Laboratory based on 
procedures described in Fishman (27), and concentrations 

. + - 



are reported as elemental N. Nitrite-plus-nitrate concentra- 
tion is referred to as “nitrate” in the current study because 
nitrite concentration in groundwaters sampled by NAWQA 
generally is negligible (2s). 

In the current study, we updated three variables in the 
previous LR model (20): N loading from inorganic fertilizer, 
percent cropland-pasture, and the presence or absence of 
rock fractures. Whereas the previous model had assumed an 
equal allocation ofN fertilizer to agricultural and urban areas, 
the new model uses separate estimates of farm and nonfarm 
N loading from inorganic fertilizer. Farm and nonfarm N 
loadings were estimated by David L. Lorenz (USGS. Un- 
published data, 2001) using data from the Association of 
American Plant Food Control (29). Estimated N loadings in 
counties subsequently were allocated by Landsat-derived 
National Land Cover Data (NLCD) (30) for 500-m radius 
circular areas around sampled wells. Farm fertilizer N was 
allocated equally to NLCD categories comprising orchards/ 
vineyards, row crops, and small grains, and nonfarm fertilizer 
N was allocated equally to low-intensity residential and 
urbadrecreational grasses. Assumption of equal N applica- 
tion rate to different crop types is reasonable because crops 
in a given area commonly are rotated. Although the fertilizer 
application rate varies from year to year, groundwater 
movement is slow and chemicals accumulate over several 
growing seasons. Effects of changing N loadings are integrated 
and averaged over time. Using a single farm application rate 
of N for a county is reasonable also because the range of crop 
types in a given county is fairly limited. 

The following individual NLCD categories were aggregated 
for consistency with the combined cropland-pasture variable 
in the previous model (20): pasture/hay, row crops, small 
grains, and fallow land. The NLCD represent early to mid- 
1990slanduse, which is consistentwith the 1992-1995 nitrate 
data used to calibrate the LR model. Cropland-pasture data 
used in the previous model were compiled by Anderson et 
al. (31), but these data (1970s) are not current. The previous 
model used Anderson data updated with 1990 Census 
population data to reflect recent conversion of agricultural 
land to new residential land (32). 

Nitrogen loads from animal manure and septic systems 
are not explicitly represented in the new LRmodel. Avariable 
representing animal manure, based on animal population 
in counties, was tested with these data but found statistically 
insignificant in regression. Although manure contributes 
lesser amounts of N than inorganic fertilizer nationally, it is 
an important regional source. Confined feeding operations 
are not explicitly represented in the model because a current, 
national coverage of such operations is unavailable. The 
cropland-pasture variable in the new LR model, however, 
contains information on N sources such as animal manure 
and septic systems. Population density is a surrogate for 
nonagricultural sources of nitrogen in urban areas, such as 
septic tanks, sewer exfiltration, and domestic animals. 

The previous model (20) included a variable for the 
presence or absence of rock fractures, which had been 
compiled locally by NAWQA study-unit personnel. Because 
these data are not present outside of the NAWQA land-use 
study areas, a geology variable of national scope was needed 
to facilitate prediction in unsampled areas of the nation. To 
determine the uppermost susceptible aquifer, a binary 
indicator variable representing the presence or absence of 
unconsolidated sand and gravel aquifers was substituted for 
the former variable in the new model. The data sources are 
(1) a 1/2 500 000-scale principal aquifers map in the National 
Atlas of the United States (33, and (2) a 1/1 000 000-scale 
map of glaciated sediments east of the Rocky Mountains 
(34). The principal aquifer map shows the surface outcrop 
or near-surface (shallow subcrop) locations of aquifers but 
excludes glaciated sediments and alluvial aquifers along 
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major rivers. The glaciated geology map comprises coarse- 
grained and fine-grained stratified sediments, till, and other 
materials in quaternary sediments (including river alluvium) 
of glaciated regions. The glaciated geology map complements 
the principal aquifer map because glaciogenic and alluvial 
aquifers (not shown on the principal aquifers map) are 
important sources of water in the northern and midwestern 
United States. Wells in areas shown as unconsolidated sand 
and gravel aquifers on the principal aquifer map or as coarse- 
grained stratified sediment on the glaciated geology map 
were coded “ 1 ”, and wells in all other areas were coded as 
“0” to create the binary indicator variable. 

State Soil Geographic (STATSGO) data describing the 
infiltration characteristics of the upper 1.8 m of soil were 
used in conjunction with the principal aquifer and glaciated 
geology maps to describe the overall susceptibility of near- 
surface aquifers to surface-derived contaminants. This ac- 
counts for the possibility that overlying materials (e.g., loess) 
might have infiltration characteristics different from un- 
consolidated sand and gravel comprising a near-surface 
aquifer. 

The remaining variables in the new LR model are the 
same as used previously (20): natural log of 1990 human 
population density (39, percent well-drained soils or hy- 
drologic groups A and B from the STATSGO database (36). 
and STATSGO depth to the seasonally high water table. 
STATSGO data represent spatial patterns of soil properties 
on the landscape and cover the nation at the 11250 000 scale. 
The STATSGO variables were compiled as weighted averages 
within land-use study areas because STATSGO attributes vary 
little within 500 m of sampled wells. Nitrogen fertilizer 
loading, percent cropland-pasture, and population density 
are more variable and were compiled as weighted averages 
within 500 m of wells. 

Variables in the new LR model were checked for statistical 
significance using the Wald statistic, which is the ratio of the 
maximum likelihood estimate of the slope coefficient to its 
standard error (23). The Wald statistic p value indicates 
whether slope coefficients are significantly different from 
zero. Linear regression was used to evaluate goodness-of-fit 
by comparing observed and predicted probabilities associ- 
ated with deciles of risk. Deciles ofrisk are obtained by ranking 

es from low to high and creating 10 
groups or bins, each with n/10 observations. The 3 value 
was computed for the observed and average predicted 
probabilities, with higher values indicating better fit. The 
Hosmer-Lemeshow (HL) goodness-of-fit test statistic was 
used to evaluate observed and expected probabilities in bins. 
Forty bins were used to increase the ability of the test to 
detect potential departures from model fit caused by a few 
individual observations in a bin. Higher HLpvalues indicate 
a better fit because the null hypothesis is that the model fits 
the data. Logistic regression modeling and related diagnostics 
used SAS and SYSTAT software (brand names in this paper 
do not constitute endorsement by the U.S. Geological Survey). 

All of the variables in the new model were recompiled 
within 1-km grid cells to predict nitrate contamination risk 
at the national scale. Equation 1 was used with model inputs 
corresponding to over 7 million 1-km grid cells to calculate 
the probability for each that nitrate concentration in shallow 
groundwater exceeds 4 mg/L. 

Results and Discussion 
Recalibration of Multivariate Logistic Regression Model. 
Variables in the new LR model were checked for statistical 
significance using Wald statistic p values. The new model 
contains variables representing (1) N fertilizer loading ( p  < 
0.001), (2) NLCD percent cropland-pasture ( p  < 0.001), (3) 
natural log of human population density ( p  < 0.001), (4) 
percent well-drained soils ( p  < 0.001), (5) depth to the 



TABLE 1. Explanatory Variables in the New Logistic-Regression 
Model 

variable 
estimated Wald 
coefficient p value 

constant -5.541 <0.001 
1992 fertilizer N (kglha) 0.004 <0.001 
NLCD cropland-pasture ( “ 7 )  0.016 <0.001 
In (1990 population density), 0.229 <0.001 

In (peoplelkm’) 
well-drained soils (%)” 0.025 <0.001 
depth to seasonally high 1.088 <0.001 

water table (m) 
presence or absence of unconsolidated 0.424 0.002 

sand and gravel aquifers 
a Sum of percentages of STATSGO soil hydrologic groups A and B 

in area. 

”.” 
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OBS. PROB. EXCEEDING 4 mg/L NITRATE 

FIGURE 2. Relation between observed and average predicted 
probabilities of nitrate exceeding 4 mgA in shallow groundwater, 
for deciles of risk associated with the new logistic regression 
model. 

seasonally high water table ( p  < 0.001), and (6) presence or 
absence of unconsolidated sand and gravel aquifers (p = 
0.002). The Wald p values indicate that all six variables are 
highly significant at the 0.05 level, and all slope coefficients 
are positive (Table 1). 

Average predicted probabilities were compared with 
observed probabilities for deciles of risk to assess the fit of 
the new model. Each decile or bin yields an average predicted 
probability and an observed probability based on the number 
of observed values in the group that are greater than the 
threshold value. The observed and average predicted prob- 
abilities are well-correlated (6 = 0.875), indicating that the 
new LR model fits the data well (Figure 2). The HL p value 
is 0.224, indicating that the fit ofthe new model is acceptable 
(higher HLpvalues indicate better fit). These results generally 
agree with those obtained with the previous model (Za). 

The slope coefficients indicate that the probability of 
nitrate contamination of shallow groundwater increases with 
increasing N fertilizer loading, percent cropland-pasture, 
population density, percent well-drained soils, depth to the 
seasonally high water table, and with the presence of 
unconsolidated sand and gravel aquifers (Table 1). Relations 
between groundwater nitrate concentration and N fertilizer 
or agricultural land use are well-documented (2, 13, 21, 37, 
38). Relations among percent population density, percent 
well-drained soils, and depth to the seasonally high water 
table are consistent with the previous model (Za). The positive 
sign of the slope coefficient for seasonally high water-table 

depth is consistent with the findings of Burkart et al. ( l a ,  
who observed a positive correlation between this STATSGO 
variable and nitrate concentration in shallow aquifers. 
Whereas very shallow depth to water indicates waterlogged 
conditions conducive to denitrification, increasing depth to 
water lessens denitrification potential and increases the 
likelihood that nitrate exceeds 4 mg/L. Deep wells, which 
might have yielded anoxic samples with low nitrate con- 
centration, generally were not considered in this analysis of 
predominantly shallow groundwaters. 

The likelihood of nitrate contamination increases with 
the presence of unconsolidated sand and gravel aquifers, 
which comprise coarse-grained deposits that facilitate leach- 
ing of water and chemicals to the water table. Other aquifer 
types from the principal aquifer map that were tested but 
found ineffective in LR include semiconsolidated sand 
aquifers, sandstone aquifers, sandstone and carbonate-rock 
aquifers, carbonate-rock aquifers, and basaltic and volcanic- 
rock aquifers. Unconsolidated sands and gravels commonly 
have high effective porosity compared with other types of 
sediments and rock. Consolidated rocks have less inter- 
connected pore space available for fluid flow, so the degree 
of fracturing affects water and chemical movement. Some of 
the above rocks (e.g., carbonate rocks and fractured basalt) 
inherently are susceptible to contamination because of 
solution channels and fractures. The reason for the inef- 
fectiveness of these aquifer variables in LR is unclear. 
However, the principal aquifer map represents rock subcrops 
as well as outcrops, which might be deeper than some 
sampled wells in the shallow groundwater data set and, 
therefore, unrelated to the water-quality measurement. 
Median well depth in the calibration data set is 11.5 m. 
Although the NAWQA program characterizes geologic for- 
mations in which sampled wells are completed, these data 
are unavailable outside of NAWQA study areas. The principal 
aquifer and glaciated geology maps were used to characterize 
geology outside of NAWQA study areas to enable LR 
predictions in unsampled areas of the nation. 

Some of the variables in the LR model (e.g., N fertilizer 
and percent cropland-pasture: percent well-drained soils 
and the presence or absence of unconsolidated sand and 
gravel aquifers) are related and therefore raise multicol- 
linearity concerns. These variables, however, are not strongly 
related. Nitrogen fertilizer represents applications in urban 
areas as well as agricultural areas. Percent cropland-pasture 
contains information on additional N sources besides 
inorganic fertilizer, such as manure, septic systems, and 
atmospheric deposition: and although cropland-pasture 
indicates where inorganic fertilizer likely is applied, it does 
not indicate the rate of actual application. The rate and timing 
ofN fertilizer application depend on regional and local factors 
such as crop type, tillage practice, soil type, and climate. If 
multicollinearity were present, the p values corresponding 
to both N fertilizer and cropland-pasture would be very 
large (e.g., 0.7 or greater) because the model would be unable 
to select from among the competing variables. Rather, both 
p values are highly significant (<0.001) (Table 1). Similarly, 
the binary indicator variable for unconsolidated sand and 
gravel aquifers complements the 1/250 000 STATSGO data 
representing well-drained soils. Whereas STATSGO data 
represent the upper 1.8 m of surficial soils, the binary 
indicator variable represents the underlying sediments and 
rocks composing the principal aquifer. Both p values as- 
sociated with these variables are highly significant at the 
0.05 level (Table 1). 

Groundwater Nitrate in Specific Areas Follows Predicted 
Probabilities. Equation 1 was used with model coefficients 
in Table 1 to predict the probability of nitrate exceeding 4 
mg/L for 1-km grid cells, resulting in a national map of the 
likelihood of nitrate contamination of shallow groundwater 
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FIGURE 3. Probability that nitrate exceeds 4 mg/L in shallow groundwaters of the United States, based on the new logistic regression 
' 
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model. 

(Figure 3). Mapped probabilities reflect regional patterns of 
N sources and aquifer-susceptibility characteristics. High 
probabilities are most extensive in the High Plains, which 
can have high N fertilizer loading and well-drained soils 
overlying unconsolidated, coarse-grained deposits. 

In most NAWQA study units, the exceedance probability 
predicted with the LR model reasonably approximates the 
observed proportion of welk with nitrate exceeding 4 mg/L, 
indicating that the model adequately simulates regional N 
loading and aquifer susceptibility in these areas. The observed 
probability of nitrate exceedances is 0.031 for wells in land- 
use studies of the Albemarle-Pamlico Drainage Basin (ALBE) 
in northeastern North Carolina and southeastern Virginia. 
The median predicted probability in the area (based on 
probabilities predicted with eq 1 for each well in ALBE land- 
use studies) is 0.085. Denitrification resulting from large 
amounts of organic carbon in poorly drained sediments 
contributes to low nitrate concentration in shallow ground- 
water of the outer Coastal Plain in the region (391. 

The observed probability of nitrate exceeding 4 mg/L is 
0.333 in shallow groundwaters of the Las Vegas Valley area 
and Carson and Truckee River Basins in western Nevada, 
and the median predicted probability is 0.309. Nitrogen 
loading is comparatively low in the Carson Desert, where 
alfalfa is the major crop. Alfalfa, a legume that fixes 
atmospheric N, does not need additional fertilizer after the 

plants are established. However, excess application of 
residential fertilizers, septic systems, and leakage from sewer 
pipes can lead to nitrate contamination of groundwater in 
the Las Vegas area (40). 

In contrast to this, the probability of nitrate contamination 
in shallow groundwaters of the Central Columbia Plateau 
(CCPT) in eastern Washington is high. The observed prob- 
ability that nitrate exceeds 4 mg/L is 0.703 for wells inland- 
use studies of the area, and the median predicted probability 
is 0.641. Irrigation and high rates of fertilizer application are 
major contributors to the high nitrate concentration in 
groundwaters of the area (41). Almost all of the water in the 
Plateau supports irrigation in arid agricultural areas, greatly 
increasing the recharge of water and nitrate to shallow 
groundwater. Although irrigation was not explicitly consid- 
ered in model calibration, fertilizer might be auseful surrogate 
for irrigation in the region because arid areas that are fertilized 
commonly are irrigated. 

The model inaccurately predicts the probability of con- 
tamination in some locales, such as the Rio Grande Valley 
of southern Colorado and western New Mexico. The observed 
probability that nitrate exceeds 4 mg/L only is 0.270 for wells 
in land-use studies of the area, but the median predicted I . . 
probability 0.539. Diagnostic tests were used to evaluate 
changes in the Pearson x2 statistic and estimated model 
coefficients resulting from poorly fitted, individual observa- 
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TABLE 2. Logistic Regression Classification Criteria for Calibration and Validation Data Sets 
classification criteria I%) 

data set 
total correct model model observed "events" (nitrate > 

responses sensitivity specificity 4 mg4 (%I 
1991 study units calibration data set (1280 observations) 67.6 50.9 78.5 39.6 
1994 study units validation data set (736 observations) 75.0 12.4 96.0 25.1 

W 

1 .o I I I I 

r? = 0.793 
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FIGURE 4. Relation between observed and average predicted 
probabilities of nitrate exceeding 4 mg/L in shallow groundwater, 
for deciles of risk associated with the validation data set. 

tions in the calibration data set. Three of four observations 
that fit the LR model poorly and that have large effect (high 
leverage) on the values of the estimated parameters are in 
the San Luis Valley, which is in the northern (Colorado) 
portion of the Rio Grande Valley. The three wells are in areas 
with high estimated fertilizer loading (396-434 kg/ha) and 

high percent cropland-pasture (94.6-96.7%), yet observed 
nitrate concentration is < 4  mg/L in all three cases (0.1-3.7 
mg/L). Leaching of fertilizer is variable in the Rio Grande 
Valley and depends on additional factors such as the timing 
of fertilizer and irrigation and recharge rate to the aquifer 
(42). 

In the Albuquerque area of the Rio Grande Valley, no 
samples had nitrate concentration greater than 4 mg/L. 
Relatively large dissolved organic carbon concentrations in 
shallow groundwaters of the area increase the potential for 
denitrification. High evapotranspiration in the southern part 
of the study area also might limit nitrate leaching. Annual 
potential evaporation may exceed 1000% of annual precipi- 
tation in the Rincon Valley area. A variable representing mean 
annual precipitation minus potential evapotranspiration was 
tested with the new logistic regression model to evaluate 
climate effects but did not significantly improve the model 
( p  = 0.19). Mean annual precipitation was evaluated previ- 
ously during LR model calibration (20) but was statistically 
insignificant. 

Logistic Regression ModelValidation. The new LR model 
was validated with an independent data set comprising 736 
wells that were sampled during 1996-1999 (Figure 1). The 
probability of nitrate exceeding 4 mg/L was calculated for 
each well using model parameters in Table 1, and average 
predicted probabilities and observed probabilities were 
determined for deciles of risk to assess the fit of the model. 
The observed and average predicted probabilities are rea- 
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FIGURE 5. Relation between observed nitrate concentration in groundwater and mapped probability of nitrate concentration greater than 
4 mgA. 
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sonably well correlated (3 = 0.793), indicating that model 
fit is acceptable (Figure 4). The degree of correlation is 
somewhat less than for the calibration data set (3 = 0.875), 
and observed and predicted probabilities of exceeding 4 mg/L 
nitrate concentration all are less than 0.6. Compared with 
the calibration data set, the validation data set has fewer 
agricultural sites relative to urban sites and fewer incidences 
of nitrate exceeding 4 mg/L (Table 2). 

Considering both events (nitrate > 4 mg/L) and nonevents 
(nitrate 9 4 mg/L), the new LR model correctly predicted 
nitrate status in three out of four wells in the validation data 
set (Table 2). Although model capability to correctly predict 
nonevents (“specificity”) increased to 96% with thevalidation 
data set, the capability to correctly predict events (“sensitiv- 
ity”) decreased to 12%. Only about 25% of wells in the 
validation data set have nitrate > 4 mg/L, compared with 
about 40% of wells in the calibration data set. This likely is 
because the 1994 NAWQA study units sampled fewer wells 
in agricultural areas. The 16 NAWQA study units that began 
in 1994 conducted 11 shallow groundwater land-use studies 
in agricultural areas and 12 in urban areas. In contrast, the 
20 NAWQA study units that began in 1991 conducted 36 
shallow groundwater land-use studies in agricultural areas 
and 13 in urban areas. Nitrate concentration typically is lower 
in shallow groundwater beneath urban land, compared with 
that beneath agricultural land (28). 

General Verification of Logistic Regression Model. As 
an additionalverification step, wells from both the calibration 
and validation data sets were intersected with the national 
probability map and assigned probabilities predicted with 
the new model. Box plots associated with wells grouped by 
mapped probability ranges are shown in Figure 5. Tukey’s 
multiple comparison test on the ranks was performed to 
determine which groups are different, and test results were 
evaluated at the 0.05 level of significance. Box plots labeled 
with different letters (e.g., A and Bin Figure 5) have medians 
that are significantly different at the 0.05 level. As the mapped 
probability of nitrate exceeding 4 mg/L increases, the 
observed median nitrate concentration increases from 0.24 
to 8.30 mg/L. The strong relation between observed median 
nitrate concentration and mapped probability indicates that 
the overall fit of the LR model is good. 

Uses and Limitations. The national probability map can 
help assess the vulnerability of source-water areas as 
mandated by amendments to the Safe Drinking Water Act 
(SDWA) ( 4 3 ,  for scenarios where predominantly shallow 
groundwater is used as public supply. Aquifer vulnerability 
assessment is an integral component ofthe amended SDWA. 
The map also can help managers prioritize areas for 
monitoring, cleanup, or implementation of alternative 
management practices. 

The national probability map is intended for regional 
(multicounty) use and has several limitations. Areas of high 
probability on the map have high potential for nitrate 
contamination but are not necessarily contaminated. Vari- 
ables not significant in national-scale regression (such as 
percent artificially drained soils) or not considered or available 
during model calibration (such as irrigation) can affect nitrate 
leaching locally, so the map should not be used for local 
management decisions. Also, variations in local hydrogeo- 
logic conditions can cause variations in water quality that 
are inconsistent with mapped probabilities. For example, 
sinkholes in karst areas can facilitate nitrate leaching to 
groundwater, but karst features could not be mapped at the 
national scale. 
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The soil environment contains many forms of N, including 
organic (carbon-based) forms produced from decaying plant 
and animal residues. During the decay process inorganic 
forms of N are also produced, including ammonia gas, 
which reacts with water to form ammonium, and nitrate. 
Nitrate is very mobile in soil and groundwater because, 
unlike ammonium, nitrate does not adsorb onto soil or 
aquifer geologic materials, and only precipitates as a mineral 
under dry conditions. However, in the soil environment 
nitrate can be taken u p  by plants and microorganisms and 
recycled back into plant and animal tissue or transformed 
into nitrous oxide or transformed back into harmless 
nitrogen gas, as shown in Figure 1. Nitrous oxide, produced 
in water-logged soils and by animals, is a 'green-house' gas, 
partly responsible for global warming. (see AZ Cooperative 
Extension Bulletin AZ1458). 

Fertilizers and Wastes 
Nitrogen gas from the atmosphere is used to produce 

ammonia gas, which can be applied directly as an N 
fertilizer to irrigation water, but requires special equipment 
and precautions due to its toxicity and volatility. Ammonia 
is most often used to produce easy-to-handle fertilizers, 
which include granular forms such as urea, and ammonium 
and nitrate salts. These N fertilizers can be applied to soils 
directly or in liquid forms (pre-dissolved in water, called 
'N solutions'), and in combination with other nutrients like 
phosphorus. 

Although plants prefer nitrate to ammonium, plants 
can take u p  both forms. There are economical and 
environmental benefits to the application of ammonium- 
based fertilizer. Ammonium is cheaper than nitrate 
and is much less mobile than the nitrate ion in the soil 
environment. However, ammonium is quickly transformed 
to nitrate when applied to moist (irrigated) and warm soils 
of Arizona. The transformation occurs within days or 
weeks. Therefore, most of the inorganic nitrogen in well- 
drained soils is in the nitrate form. Nitrate groundwater 
contamination is common in agricultural areas and can 
occur due to 1) over-application of N fertilizer; 2) excessive 
irrigation; and/or; 3)  poor N fertilizer application timing. 

Municipal and animal wastes are very rich in nitrogen 
and contain many forms of this element. Therefore, nitrate 
contamination of surface and groundwater is also commonly 
associated with domestic septic systems, ~ ~ a s t e w a t e r  
treatment plants, and concentrated animal feedlots. 

Nitrate Groundwater Contamination in 
Arizona 

High concentrations of nitrate in groundwater are usually 
due to human activities, however, some nitrate (low mg/l) 
is naturally occurring in arid soils (Graham, et. al., 2008). 
Large portions of aquifers within the Salt River Valley, 
areas in Glendale, Mesa, Chandler and Phoenix, contain 
groundwater with nitrate concentrations high enough to 

render the water unfit for potable use. In addition, high 
nitrate levels occur in Marana, St. David, Bullhead City, 
and other areas in Arizona. Quartzsite and Lake Havasu 
City have made significant efforts to address wastewater 
disposal problems that have contributed to groundwater 
contamination. 

Septic system discharges are common nitrate sources in 
rural areas and this has contributed to the contamination 
of surface and groundwater in Arizona (ADEQ, 2006). Even 
properly designed and efficiently operating traditional 
septic tank/drain field systems discharge nitrate to the 
environment. Quartzsite, Bullhead City and Lake Havasu 
City are just a few locations with documented nitrate 
problems from septic systems. 

Predicting Locations of Possible Nitrate 
Groundwater Contamination 

The quality of drinking water supplied by public water 
systems is regulated by the Environmental Protection 
Agency and enforced by the Arizona Department of 
Environmental Quality (ADEQ). Information on nitrate 
in groundwater is available through annual water quality 
reports which suppliers must report to ADEQ. This data 
was used to develop a methodology to predict locations 
across the state vulnerable to nitrate contamination 
(Rahman, et al. 2009). 

Groundwater quality data for 6,802 Arizona drinking 
water well locations were used to map and tabulate well, 
environmental, and land use characteristics (attributes) for 
each location, as shown in Figure 2. 

8 0 4 0 0  80 Miles 
L 

Legend 
Well 

Figure 2: 'Multivariate logistic regression' was used to relate the probability of 
nitrate concentrations based on known physical attributes at each of the 6,802 
well locations. 
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Environmental characteristics were tabulated for each 
location and included: geology; soils; population density; well 
depth; precipitation; and other factors, such as the presence 
of septic systems. A statistical analysis (Multivariate logistic 
regression) of the well data and associated water quality data 
predicted the chances (vulnerability) of groundwater to nitrate 
contamination in the areas of state where nitrate information 
IS not available. 

This study showed that groundwater contamination 
potential is highest in areas also associated with agricultural 
land use. Not surprisingly, most productive soils in Arizona 
are located in the Basin and Range province of the state 
where most of the state’s groundwater resources sufficient 
to support agricultural irrigation are located (Artiola 
and Uhlman, 2009). Unfortunately, the porous soils and 
unconsolidated sedimentary geology of this region allow 
for the leaching of nitrate below the plant root zone to 
contaminate the groundwater. Lower concentrations across 
the Basin and Range in areas not known to have agricultural 
activities may be attributed to the deposition of naturally 
occurring nitrates in arid soils (Graham, et. al., 2008). 

Fractured consolidated rock (common in the Colorado 
Plateau and the mountain highlands) such as granite also 
favors nitrate groundwater contamination. Fractured 
rock aquifers do  not filter septic sources as efficiently 
as porous aquifers, and septic systems installed in rock 
with insufficient filtering capacity can result in well water 
contamination. This study also showed that well depth is 
also a significant factor with shallower wells more likely to 
be contaminated by nitrates. 

Figures 3 and 4 show the areas of the state where the 
model as predicted varying chances of groundwater 
contamination. These figures show7 that, in general, the 
chances of having nitrate-nitrogen in groundwater are 
highest in the desert southwest region of the state - this 
could be due to both low-concentration naturally occurring 
nitrates as well as nitrates derived from historic agricultural 
practices. For example, in Figure 3, the areas mapped in red 
have a 90% to 100% chance (probability) that the nitrate- 
nitrogen contamination there is greater than 5 milligrams 
per liter (mg/L), half of the MCL of 10 milligrams per liter 
(mg/L). In Figure 4, the areas mapped in red have a 90% to 
100% chance (probability) of nitrate-nitrogen contamination 
being greater than the drinking water MCL of 10 milligrams 
per liter (mg/L). Therefore, the red colored areas of Figure 4 
indicate that wells installed within the agricultural regions 
of central Arizona, including portions of Phoenix and Casa 
Grande, are likely to be contaminated. 

Testing for Nitrate in Well Water 
Domestic well water used for drinking water supply 

should be tested annually to monitor changes in nitrate 
concentration. In addition, a water test is recommended 
for households with infants, pregnant women, nursing 
mothers, or elderly people. These groups are believed to 
be the most susceptible to nitrate health effects. 

Tests to determine the presence of nitrate in drmking water 
should be done by a State-certified laboratory approved 
for nitrate testing, listed with the Arizona Department of 
Health Services, Bureau of State Laboratory Services - http:// 
www.azdhs.gov/labllicense/. The selected laboratory will 
send you a special water sample container and sampling 
collection instructions. Follow these instructions carefully 
to obtain a representative sample. While a variety of test 
kits and dip strips are available for nitrate testing outside 
of a laboratory environment, laboratory analysis is needed 
for an accurate and reliable nitrate measurement. 

Options for Managing Nitrate 
Contamination in Your Well Water 

If nitrate exceeds a desirable concentration (recall footnote 
about the units on page one) in a domestic well, the well 
owner should consider an alternative drinking water source 
or water treatment. It may be possible to obtain an alternate 
water supply by drilling a new well in a different location 
or a deeper well in a different aquifer. Bottled water might 
be considered if the primary concern is water for infant 
food and drinking. 

Nitrate levels in drinking water can be lowered with any 
of three treatment methods: distillation, reverse osmosis, 
and ion exchange. Home treatment equipment using these 
processes is available from several manufacturers. For 
more information about home water treatment systems 
see Arizona Knoui Your Water booklet (Artiola et al., 2006), 
available from the College of Agriculture and Life Sciences 
(CALS) publications website. 

Note that carbon filters and standard water softeners 
do not remove nitrate. Merely boiling water may increase 
rather than decrease the nitrate concentration. 
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Natural Stream Water .. I 
.‘ In the CAZB Study Unit, peren- 
nial streams draining areas with lit- 
tle or no agricultural or urban land 
use represent baseline or “natural” 
conditions in the basins. These nat- 
ural streams are referred to as ‘:for: 
esvrangeland streams” in this . ‘ : . *  
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* . . .  - * , - . -  - - _ , .  foresthangeland streams include ’ = *  

water discharge to streams, and the upper Verde, upper Salt, and 
upper Gila Rivers and West ‘Iear runoff determine the water quality 

of these streams. Locally, stream- Creek in the Central Highlands 

River in the Basin and Range Low- agriculture, mining, or urban land 
lands province. Because some of use. 

Nutrient and dissolved-solids the foresthangeland streams pro- 
vide drinking water for or concentrations fluctuate season- ents. 
recharge aquifers used for drinking ally in foresthangeland streams. 
water’ the Of these streams The patterns of rainfall and snow- 
is compared to drinking-water stan- melt runoff account for the sea- 
dards and guidelines as as t~ sonal fluctuations in concentrations 

of nutrients (fig. 5) .  Nutrient con- other water-quality criteria. 

centrations increase in streams dur- The water quality of 

ing times of rainfall and snowmelt foresthangeland streams is . 
runoff because runoff carries nutri- primarily determined by natural 

ents washed off the land surface to factors. Processes such as chemi- 
cal weathering of bedrock and 
soils, biological activity in soils 
(Likens and others, 1977), ground- 

concentrations in stre 
versely, during low s 
nutrient concentratio 
because very little r 
streams, and aquatic life in the 
streams take up the 

Province and the Pedro water quality may be affected by 

streamflow are springs, which in 
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Nitrate concentrations in for- 
, estkangeland streams were sig- 

nificantly lower than the U.S. 
' Environmental Protection 

: ,: Agency's (USEPA) Maximum 
Contaminant Level (MCL) of 
10 mg/L. Nitrate was detected in 

,:43 percent of the samples from for- 
-- . esb'rangeland streams. None of the 

- nitrate concentrations exceeded the 

the protection of human health 
(fig. 6), and less than 2 percent of 
the samples had concentrations of 

estimated national background 
concentration in streams of 0.6 
mg/L (U.S. Geological Survey, 

. .- .- 1999). Concentrations greater than 
background levels are generally 

. _  . . I .  . . considered to be the result of 
* .  . . .  . ,". - _  . human activities. Samples that 

exceeded the background concen- 
tration were collected during high 
flows associated with rainfall or 
snowmelt runoff. 

Twenty-four percent of the 
samples from foresthangeland 

I ,  streams exceeded the USEPA 
desired goal for total phospho- 
rus of 0.1 mg/L for the preven- 

. .  ' . i.: MCL, which was established for 

1 .  . -  

. . .- nitrate that were greater than the - - .  . - . .  

I . 

. - -  

drinking water (fig. 6). Samples that 
exceeded this drinking-water guide- 
line were collected at times when 
streamflow was sustained by flow 
from springs. Saline springs drain 
into the upper Salt River (Feth and 
Hem, 1963), which accounts for the 
particularly large number of samples 
that exceeded the SMCL. 

Total DDT concentrations in 
fish tissue samples from forest/ 
rangeland streams were signifi- 
cantly less than the New York 
State guideline (Newell and others, 
1987) for the protection of fish- 
eating wildlife. None of the other 
organochlorine pesticides and PCBs 
analyzed for were detected in fish 
tissue from foresthangeland streams 
(Gebler, 2000). In addition, orga- 
nochlorine compounds and PCBs 
were not detected in streambed sedi- 
ment from these streams. 

Stream water quality generally 
is improving on the basis of nutri- 

generally declined since the early 
1980s (fig. 7). Phosphorus concen- 
tration data showed the same trend 
as nitrogen. In the upper, undevel- 
oped parts of the Salt and Verde 
River Basins (upstream from reser- 
voirs) the decrease in nutrients 
could be from a decrease in contri- 
butions from natural sources (see p. 
IO), a decrease as a result of better 
land-use management practices 
upstream, and (or) an increase in 
nitrogen use by aquatic life. 

Dissolved-solids concentrations 

from reservoirs on the Verde River 
from 1950-90 (fig. 7). This down- 
ward trend, also seen on the Salt : 
River, probably is caused by both . I 
increased rainfall and snowmelt : . 
runoff diluting the dissolved-solids 
concentrations and physical and 
chemical processes in the reservoirs 
that remove some dissolved solids 

decreased substantially in outflow 
, . . .  * . .  

. .  . .  . - .  from solution. 1 .  ' .  ent and dissolved-solids concen- . - _  ~ _ .  

trations in foresthangeland . _  . 

gen data for foresthangeland streams . : . , . .  ' 

indicates that concentrations have . . .  . .  

. .:. 
. .  h .:. . 

streams. Statistical analysis of nitro- : . . : , . .  
' . .  : : a .  

_ -  

- . . . tion of nuisance plant growth 
(fig. 6). The USEPA desired goal 
of 0.1 mg/L is the same as the esti- 
mated national background con-.' :' 
centration for phosphorus (U.S. 
Geological Survey, 1999). Phos- 
phorus enrichment in streams can 
lead to eutrophication; however, in 
the foresthangeland streams, phos- 
phorus concentrations exceeding 
the USEPA goal are generally lim- 
ited to periods of rainfall and snow- 
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-"Activities on Stream 
.'jWaterQuality . . . .  

. Streams affected by human 
activities may have elevated con- 
-centrations of dissolved solids 

_ . _  . . _  ~ ' . and nutrients from a variety of . _ -  
' : : .: : e :" -activities including urban and ag- 

. - ricultural runoff. Manmade com- 
. j : pounds such as pesticides and 

. . . \  . 
<- .x 

E .  i .  . -. * volatile organic compounds 
a .  ~ . .  . .  . .  - . : . (VOCs) in streams are a direct 

ter quality in the CAZB, 
annual stream loads of dissolved 

the mass of material 
rted in the water) entering 
ns were compared to 
tream loads leaving the 
ee story at right). In ad- 
e quantifiable sources 

. 

of nitrogen and phosphorus 

activities can be divided 
* -  into two main categories-ef- 

fluent-dependent and agricul- 
turahrban. Streamflow in 

. . . .  . . . 
. - .  . ' . . .  

.:- . .  
. _ .  . .  . . .  _ .  . . .  . . . .  . 

, .  ;__ . . - -  . '  

I . .  - .  , ' . .  . .  . .  . . .  
_ .  

. . .  . 

. 9 .  
. t  - 2  

" )  . . . . .  . effluent-dependent streams is 

' . - water-treatment plants 

. .  
almost entirely treated sewage 
effluent discharged from waste- 

(WWTPs). These streams are 
referred to in this report as "ef- 
fluent-dependent'' or "effluent- 

_ . .  . 

-_. 

. .  

P- 

Figure 8. Streams and the CAP canal brought 1.6 billion kilograms of dissolved 
solids into the Basin and Range Lowlands in 1997, but only 440 million 

accumulated in soils, the unsaturated zone, and ground water. 

* streams are referred to as 
kilograms left the area in streams. The remaining dissolved solids * -  

* 
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basins For the CAZB Study Unit, the quantities of nitrogen and phosphorus contributed by each source annually were determined 
for selected drainage basins Sources were quantified using records of fertilizer sales by county, livestock population counts, popu- 
lation and housing census infonnation, National Atinospheric Deposition data for Arizona, USEPA Toxic Release Inventory data. 
and stream water-quality data collected in the CAZB for the NAWQA Program (Aiming, 1998). The quaiitifiable so 
gen and phosphorus in three basins a e  shown in figure 9 

Many sources of nitrogen and (or) phosphorus, such as the weathernig of geologic formations and soils or the a 
vegetation, contribute nutrients to the basins but are difficult, if not impossible, to quantify As a result, these and other unquantifi- 
able sources of nitrogen and phosphorus are shown in figure 9 with question marks (7)  to indicate that the quantities are unknown 
and may actually exceed the quantifiable sources 

The quantifiable and unquantifiable sources of nitrogen and phosphorus in basins represent potential contributors of nutrients to 
streams, however, the quantity of nuhxnts contnbuted annually from each source does not necessanly reach the streams Some 
nutnents may be taken up in teirestrial ecosystems, tiansported to the ground water, or volatilized to the atmosphere Conversely, 
nutrients can enter streams directly when treated sewage efffuent from WWTPs is discharged to stream channels OT excess imga- 
tioii water from agricultural areas discharges to streams Best management practices and regulation of pornt-source pollution are 
methods used to reduce or control the quantity of nutnents entering streams 

In the dramage basins of the upper San Pedro River, upper Salt River. and other perennial streams with inininial agricultu.y. 
andurban land use, the largest quantifiable source of nitrogen coming into these basins is froin precipitation (fig 9). Sewer and 
septic systems, livestock-feeding operations, and fertilizers are the largest quantifiable sources of phosphorus in these basins 

In basins with substantial agiicultural and (or) urban land use such as the middle Gila River, the quantities of nitrogen and phos- 
phorus from quantifiable sources are much greater per unit area than those for basins with little or no agricultural or urban land use. 
Additionally, fertilizers, livestock-feeding operations, and sewer (WWTPs) and septic systems account for a larger part of the total 

.sins with agricultural and urban land use than 

PHOSPHORUS 

, .  . .  . ..I 

,. . - . * *  . .. 
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gcipitation and 
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ilizers ar e largest I urban development. Human and animal wastes and 
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Nutrient concentrations in 
effluent-dependent streams 
exceeded the background con- 
centrations found in forest/ 
rangeland streams (see fig. 11). 
The 91st Avenue WWTP outfall 
near Phoenix and the Santa Cruz 
River at Tubac and at Cortaro Road 
(Tucson; see p. 26 for location of 
sites) are effluent-dependent 
streams that were sampled in the 
CAZB. Data from the San Pedro 
River at Charleston and the Salt 
River near Roosevelt represent 
background values for nutrients in 
the CAZB because these streams 
drain areas with relatively little 
urban or agricultural land use. By 

. .  . . . . . .  
,: . . : . . . .  
comwirison. 
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concentra- 
tion; at the effluent-dependent sites 
in the CAZB are elevated because 
the effluent discharged directly into 
the stream channels is a major 
source of nitrogen and phosphorus 
(U.S. Geological Survey, 1999). 

Effluent-dependent streams 
can sustain riparian communities 
and aquatic life, but the water 
quality is poor. Some effluent- 
dependent streams in the CAZB 
can support valuable riparian com- 
munities with high biodiversity of 
terrestrial plants and animals; how- 
ever, dissolved oxygen and phos- 
phorus concentrations in these 
streams indicate that the water- 
quality is poor. At a minimum, 
most fish need 3 to 5 mg/L of dis- 

- .  

period of time to survive (Swenson 
and Baldwin, 1965). At the Santa 
Cruz River at Cortaro, DO concen- 
trations were commonly lower than 
3 mg/L (fig. 1 l), whereas concen- 
trations at the other two effluent- - . 
dependent sites were in the mini- 
mal range. All the samples from 
the effluent-dependent streams 
exceeded the USEPA's desired goal 
for phosphorus of 0.1 mg/L for pre- ~ 

vention of nuisance plant growth , ' 

(eutrophication) (U.S. Environ- . 

mental Protection Agency, 1986). 

growth can lead to low DO concen- 
trations (U.S. Geological Survey, I _. . 

. .  . .  
1 .  

Excessive algae and aquatic plant 

1999). 

. 1  

. I  

1 .  . . . . . . . .  = . .  . .  . . .  * .  - _  ' -  

. . I  
. % . .  - .  . .  

How much nitrogen and phosphorus 
actually leaves the CAZB Study Unit in streams? 

A small fraction of nutrients applied to the land surface in the 
CAZB is transported to streams. The lack of rainfall in the Stud 
Unit limits the transport of nutrients into streams and out of the 
basins. For the middle Gila River Basin, which includes most of the 
CAZB Study Unit, about 1,100 tons of nitrogen and 500 tons of 
phosphorus left the basin in 1998; these nutrient loads represent 1 
percent of the quantifiable nitrogen and 2 percent of the quantifiable 
phosphorus for the basin. During I996 and 1998, only I to 2 1 
percent of the nitrogen and 3 to 48 percent of the phosphorus from 
quantifiable sources were transported out of basins in the CAZB in 
streamflow (D.W. Anning, U.S. Geological Survey, written com- 
inun., 1999). 

Nutrient loads leaving the upper Salt and upper Verde River Basins 
in streamflow were greater during wet years (when streamflow was 
greater than the long-term average annual streamflow) than during 
dry years (when streamflow was less than the long-term average) 
(fig. 10). More nutrients were carried out of the Hassayampa River 
Basin in streamflow in 1996 than in 1998 because of more summer 
rainfall in 1996. Because runoff has higher concentrations of nutii- 
eiits than does base flow (see fig. 5) ,  wet years not only have addi- 
tional streamflow but additional stream loads. Nutrients remaining 
in the basins are taken up by the plants and animals within the basin, 
adsorbed by streambed sediment (phosphorus only), volatilized to 
the atmosphere (nitrogen only), or transported to the ground water. 
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Figure 11. Nutrient enrichment in effluent-dependent streams contributes to abundant algal growth, which results in 
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The level of sewage treatment 
and the distance effluent travels 
downstream from the discharge 
point influence the water quality 
of effluent-dependent streams. 
Ammonia concentrations in efflu- 
ent at the Santa Cruz River at Cor- 
taro are extremely variable and 
typically higher than those in the 
Santa Cruz River at Tubac or the 
91st Avenue WWTP (fig. 11). Ef- 
fluent at the Cortaro site has had 
secondary treatment, which results 
in nitrogen remaining in the effluent 
as ammonia (David Garrett, Pima 

some nitrate and phosphorus are taken up by plants and aquatic life, and 
phosphorus may be adsorbed by streambed sediments. Each of these pro- 
cesses reduces concentrations of nitrogen and (or) phosphorus, resulting in 
lower concentrations with distance downstream from the WWTP. 

Abundant algal growth from nutrient enrichment in effluent-depen- 
dent streams may adversely affect aquatic organisms. Phosphorus, 
nitrate, and ammonia in effluent-dependent streams encourage algal growth. 
Chlorophyll a concentrations (fig. 12), which are indicators of the quantity 
of algae in a stream, were much higher in effluent-dependent streams than 
in foresthangeland streams (Gebler, 1998). 

Abundant algal growth and the resulting increase in decaying organic 
material in effluent-dependent streams can cause decreased DO concentra- 
tions, particularly at night when plants cease photosynthesis and decrease 
their oxygen production. The decreased DO can adversely affect aquatic 
invertebrates and fish. 

County Wastewater, oral commun., 
2000). In contrast, effluent sampled 
at the discharge point from the 91 st 
Avenue WWTP has had tertiary 
treatment in which the ammonia is 
converted to nitrate. Converting 
ammonia to nitrate during treatment 
limits the direct threat of toxicity to 
fish that ammonia presents, but it 
does not change the potential for 
eutrophication of the stream (Muel- 
ler and others, 1996). 

The lowest nutrient concentra- 
tions in effluent-dependent streams 
were at the Santa Cruz River at Tu- 
bac (fig. 11). Effluent in this stream 
receives secondary treatment and 
travels about 15 miles downstream 
to Tubac. As the effluent moves . .  ' NUMBERIN WREMESES IS DISTANCEOF SAJAPLING SITES IN KILOMETERS WWNSTREAM FROMTREATMENT PLANT 

- = . .  :. . 
. : * . .  

. ' %  ~ downstream, ammonia is lost to the . -  r 
atmosphere or converted to nitrate, Figure 12 Nutrients in effluent-dependent streams encourage algal 

growth, as indicated by chlorophyll a concentrations . . .  
1 .  . j .  . 



Effluent-dependent streams support limited 
instream communities of aquatic invertebrates. 
The diversity of pollution-sensitive aquatic inverte- 
brates such as mayflies, stoneflies, and caddisflies in 
effluent-dependent streams is very low, especially 
when compared to the high diversity in foresthange- 
land streams (fig. 13). Pollution-tolerant species of 

CAZB (fig. 14). In foresthangeland streams, may- 
. flies, stoneflies, and caddisflies were the most abun- 

dant of all aquatic invertebrate groups, which is 
consistent with good water quality and instream hab- 
itat (Gebler, 1998). 

* 

aquatic worms and midges account for more than 90 
percent of the numbers of aquatic invertebrates in 
effluent-dependent stream reaches sampled in the 

I 
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Figure 13. Aquatic invertebrate communities 
in eff luent-dependent streams lack diversity. 
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Aquatic invertebrates are indica 

Aquatic invertebrates are animals such as 
worms and insects that live in water. Fly 
fishermen know that game fish such as trout 
and bass eat insects such as mayflies, stone- 
flies, and caddisflies. Biologists who study 
water quality have found that some aquatic 
invertebrates, such as certain aquatic worms 
and midges, can tolerate poor water quality. 
Many types of mayflies, stoneflies, and cad- 
disflies are sensitive to water-quality degra- 
dation and are most abundant in streams with 
good water quality. Biologists can sample for 
aquatic invertebrates and determine the rela- 
tive quality of the water by the numbers and 
types of invertebrates found. 

7 
4" 

TI 

2 
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z e 

Figure 14. Pollution-tolerant aquatic invertebrates are most 
abundant in effluent-dependent streams. 
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' Organochlorine pesticides and 

CBs in streambed sediment and 
fish tissue from effluent- 

concentrations in foresthange- 
land streams (fig. 11). This is no 
surprise given that the two agricul- 
turalhrban streams-Buckeye : . 
Canal near Avondale and Has-' * 

SaYamPa River near Arling- 
tOn-reCeiVe effluent from the 9 1 St 
Avenue WWTP in Phoenix* The 
effluent is mixed with ground 
water in Buckeye Canal and used 
to irrigate cotton and other crops. 
Downstream, effluent and irriga- 
tion return flows in Buckeye Canal 
are discharged into the Has- 
sayampa River near Arlington. At 
this point, the water has been used 
and reused for agricultural irriga- 
tion, and nitrate concentrations are 
typically higher than those in the 

endent streams exceeded 
elines for protection of 

aquatic life and fish-eating wild- 
Probable effect levels   PEL^) 
ediment (Canadian Council of 
sters of the Environment, 
) were exceeded for DDE and 

total chlordane in samples from the 
91st Avenue WWTP and at a site 
near the discharge point from the 
Nogales WWTP into the Santa 
Cruz River. The PEL is a 'Once'- 
tration above which adverse effects 
to aquatic organisms are predicted 

. to OCCUr frequently. Exceedance Of 

' :' : .the PEL concentrations indicates original effluent (fig. 11) because 
. .  
. _  . - .  

. . . 
" _  ! - . _  

. a  - . . I . -  ' .  I .  . . . .  . 
be reapplied in the fall to fie1 
where winter crops are 
These herbicides were 
surface-water samples from 

-' agriculturalhrban streams in the 
early spring and fall, soon after 
application. Changes in concentra- 
tions of dacthal at the Hassayampa 
River near Arlington (fig. 15) are 

for herbicide concentrations at both 
sites. Agricultural and rainfall run- 
off carry these pesticides to 
streams. Because streamflow at 

water but does sustain aquatic life, . , . . .. . 
guidelines for the protection of .' . 
aquatic life were used to evaluate ' . .* 
water quality. Aquatic-life guide- 
lines for simazine and trifluralin 

. . >  

. 
: . 

_ .  representative of the patterns seen .: . . .  9 .  - . 

. '  . _ . .  . 

these sites is not used for drinking . .  
. I . I _  

' ' 

* . .  that bottom-dwelling aquatic of :he use of fertilizirs in the agri- 

affected by toxicity. Total DDT Herbicides were detected in 

(Santa Cruz River at Tubac) in agricultural lands, but concen- 
fish-tissue samples exceeded New trations did not exceed guidelines persist in streambed sed 
York State guidelines (Newel1 and for protection of aquatic life. In and in fish tissue from an agri- 
others, 1987) for the protection of the West Salt River Valley west of culturaUurban stream are a con- 
fish-eating wildlife. These guide- Phoenix, the pre-emergent herbi- cern for aquatic ecosystem , 
lines are being applied to findings cides dacthal, EPTC, simazine, and health. PEL concentrations for ' ' 

from NAWQA Study Units nation- trifluralin are applied to tilled fields 
wide. DDT, which breaks down to prior to cotton planting in the early 
form DDE and DDD, is associated ring to control weeds. They may 
with past use of DDT in agricul- . ' : 

were not exceeded in any samples . ; 

aquatic-life guidelines for dacthal ._ ; 

Organochlorine pesticides that 

: : ..; 

- .' : .* ' 
, . .  .organisms may be adversely cultural area near Buckeye. from these sites. There are no . .  

(91st Avenue WWTP) and PCBs streams soon after application to and EPTC. . .  * '  . .  

. - 
. 

sediment were exceeded for DDE 
and DDT at the agricultural/urban 

. * 

" . . . P : . . . . , . .  . * . .  . _  
I . . _  . - - .  . * -  

. ' . _  _ . .  . -  . .  . - '  
tural areas. Use of DDT was dis- 
continued in Arizona in 1969. 
PCBs were primarily used in indus- 
trial and urban settings, but their 
use was discontinued in 1979. 
Exceedances of tissue guidelines 
can result in reduced reproductive 
ability and other possible adverse 
effects in wildlife that eat contami- 
nated fish (Faber and Hickey, 
1973). 

Agriculturalhrban streams ~ 

As in effluent-dependent 
streams, nutrient concentrations 
in agriculturaUurban streams 

0 1  
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0 05 
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0 .- 
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.. were elevated compared with Figure 15 Herbicides were detected in streams soon after being applied to crops. 
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DDE in fish-tissue sam- 
his site exceeded 
established by New 
(Newell and others, 
e protection offish- 
fe. Concentrations of 
two out of three fish- 
s from the same site 

. . . .  

. .  
ixceeded the National Academy of 
Sciencernational Academy of 
Engineering ( 1  973) guideline for 
the protection of fish-eating wild- 
life. Past use of pesticides includ- 
ing DDT, toxaphene, and others on 
agricultural areas in the West Salt 
River Valley is the source of these 
pesticides. Though use of these 
pesticides was discontinued 
decades ago, the pesticides persist 

over time and their breakdo 
products continue to enter stre 
by erosion of contaminated so 
surface-water runoff, and atm 
spheric deposition. Exceedan 
tissue guidelines indicate po 
adverse effects, such as reduced 
reproductive ability and eggshell .* . - . .  . . _  . 
thinning, to birds and other wildlife . ; ~ : - 
that eat contaminated fish (Fab 
and Hickey, 1973). ~ ,- ; : . 
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In the CAZB Study Unit, insecticide concentrations in agri- 
culturalhrban streams are among the highest in the Natior 

Pesticides in water were measured at 11 7 sampling sites on 114 nvers and streams across the United States as part of the 
NAWQA Program from 1992-1998 At each site, concentrations of all insecticides detected during a 1-year period were 
summed and categorized as low (lowest 25 percent), middle (middle 50 percent), and high (highest 25 percent) compared to 
concentrations at all of the sites iiionitored (see figure below). This information was compared, by county, to insecticide use 
cturing the early to mid-1990's on agricultural lands. 

In the CAZB Study Unit, insecticide concentrations in streams with mixed agnculturalhrban land use were among the 
highest in the Nation. These sites-the Buckeye Canal near Avondale and the Hassayampa River near Arlington in the West 
Salt River Valley-are dominated by treated effluent and irrigation return flows that contain insecticides from urban and 
agricultural land uses. Nearly one-half the samples (46 percent) collected from the Buckeye Canal during 1 year exceeded 
aquatic-life guidelines for one or more of the followmg insecticides: diazinon, malathion, lindane, and chlorpynfos. At the 
Hassayainpa River site, 30 percent of samples collected in a I-year period exceeded aquatic-life guidelines for one or more 
of the following pesticides: chlorpyrifos, azinphos-methyl, DDE, dinoseb, malathion, diazinon, and parathion. Although 
these streams are not used for drinking water, the water quality does present a potential hazard to aquatic life. In addition, 

NO reported use 

SUM OF INSECTICIDE 
CONCENTMTIONS- . . 

Lowest 25 percent-Less . _* 
than 0 0013 

AQUATIC-LIFE GUIDELINE- 
Bold outline indicates exceedence 
by one or more insecticides 

Insecticide concentrations in streams in the West Salt River Valley near Phoenix are among the highest in the Nation. 

. . : .  , . . 
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how natural processes affect 

identify the effects of urban and : : ~ 

agricultural development under 1 

similar hydrogeologic conditions.' . 
In the CAZB, the majority of 
ground-water basins do not have 

.- : - . 
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v , . * - , s  

1 .  development. The ground-water : . G  

Figure 16. Nitrate concentrations and specific conductance values in : . _.. _. 
ground water from basins with minimal urban development increase from quality in these basins is primarily 

a product ofnatural-processes such the southeast to the northwest (Basins shown below in figure 17 ) as the interaction of ground water : ..:. 
with rocks and sediment in the 

I .  

lob>!-- 

\ 
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basins (Robertson, 1991). 
Natural sources of dissolved- 

solids and nitrate can control 
ground-water quality in basins 

. ivith minimal urban develop- 
ment. Specific-conductance val- 

toward the central part of the State 
(figs. 16 and 17). The increasing 

increase in evaporite deposits in 

easily dissolved in ground water. 
(Robertson, 199 1). The increasing 

largely attributed to natural 
* ,  nitrate concentrations can be 

. . . . a  

B -4 - GROUND-WATER BASIN BOUNDARY 
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Figure 18. Ground water sampled in 
the CAZB Study Unit generally is , 

from greater depths than ground . 
water sampled in NAWQA Study 
Units across the Nation. 

Quality of deep, older ground water unaffected 
. I by human activities 

In general, ground water in Arizona is replenished (recharged) at very slow rates 
because of little precipitation, high evaporation losses, and the long distance water 
must travel to recharge deep aquifers In the CAZB, 63 percent of the wells sampled 
that draw water from aqmfers used for dnnking water were at least 750 feet deep 
compared to 26 percent of NAWQA wells sampled nationwide (fig 18) Recharge 
takes longer to reach deep aquifers than shallow aquifers, therefore, deep ground 
water typically was recharged earlier and is older than shallow ground water Tritium 
age dating of ground water (see below) confirms that 55 percent of the wells sampled 
in the CAZB yielded ground water that was recharged pnor to 1953 and possibly 
thousands of years earlier For example, some ground water in the Upper Santa Cruz 
Basin was determined to be about 6,500 years old (Kahn, 1994) Across the Nation, 
only 27 percent of the NAWQA wells sampled for tntium yielded ground water that 
was recharged pnor to 1953 

The age and depth of ground water in the CAZB have important Implications foi 
water quality and quantity. Because much of the deep ground water sampled in the 
CAZB was recharged pnor to 1953 and has not mixed with younger recharge, drink- 
ing-water quality geneially has not been substantially affected by human activities 
that took place after 1953. The movement of contaminants from the land surface to 
the deep ground water IS hindered by the thickness of basin-fill sediments through 
which contaminants must travel Ground-water quantity is affected because ground 
water pumped fioin deep aquifers is not being replaced by recharge (see p 5), iesult- 
ing in a net decrease in the quantity of ground water available for consumption 

. 

Tritium concentrations in precipitation are a guide for 
determining when ground water was recharged. I 

mcentrations of arsenic, fluoride, and molybde- 
num exceeded drinking-water standards in samples 
from major aquifers. The median arsenic concentration 
in ground water for the three CAZB basins sampled was 
4 pg/L. One sample from the Upper Santa Cruz Basin and 
one sample from the West Salt River Valley exceeded the 
current MCL for arsenic of 50 p g L ;  however, a new, 
lower standard of 5 pgL has been proposed by the 
USEPA because of the cancer risk posed by arsenic in 
drinking water (U.S. Environmental Protection Agency, 
rev. August 25,2000). When arsenic concentrations in 
ground water sampled in the CAZB are compared to the 
proposed standard, more than 50 percent of samples from 

18 Water Quality in the Central Arizona Basins 

aquifers in West Salt River Valley that are used for 
drinking water exceed 5 pg/L. Seventeen percent of 
samples in the Upper Santa Cruz Basin and 10.5 per- 
cent of samples in the Sierra Vista subbasin exceed 
5 pgL. The USEPA may not settle on 5 pg/L, but the 
new standard is likely to be significantly lower than the 
current MCL. 

The median concentration of fluoride was 0.5 pgL; 
about 2 percent of the samples exceeded the current 
MCL for fluoride of 4 pg/L. The median concentration 
of molybdenum was 3 pgL; about 1 percent of the sam- 
ples exceeded the current lifetime health advisory for 
molybdenum of 40 pg/L established by the USEPA. 

. "  
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detected in most ground-water 
samples. Radon is a colorless and 
odorless radioactive gas that is car- 
ried in the water pumped from . 
wells (fig. 19) and released to . : .* 
indoor air by activities such as ” . 
cooking and showering. Breathing 
radon increases the risk of lung 
cancer (U.S. Environmental Pro- 
tection Agency, rev. October 18, 
1999). Radon is naturally formed 
in rocks and soils from the radioac- 
tive decay of radium, an intermedi- 
ate product in the uranium decay 
process. In the CAZB Study Unit, 
radon was present in 100 percent of 
the samples, and uranium was -’ _._ ’ 

detected in 90 percent of the sam- 
ples. The median concentrations 
for radon and uranium were 584 
picocuries per liter and 3 micro- 
grams per liter, respectively. Cur- 
rently (2000), there are no USEPA 
MCLs for radon and uranium; 
however, proposed MCLs could 
result in increased costs for water 
suppliers to treat drinking water for 
these constituents or find alternate 
supplies. Additional costs would 
probably be passed on to the water 
user (see information on proposed 
standards for arsenic, radon, and 
uranium on p. 20). 

. .  

on Ground-Water Quality 
The contamination of major aqui- 

fers is largely controlled by hydrol- 
:ogy and land use (U.S. Geological 
Survey, 1999). In the CAZB Study 
.Unit, deep ground water that was 
recharged prior to 1953 typically has 
not been affected by human activities 
(see p. 18). In areas with recent 
recharge (after 1953), ground water is 
more likely to be contaminated by 
nutrients and man-made chemicals 
associated with urban and agricultural 
land uses. 

Ground-water quality deterio- 
rates in irrigated areas. Irrigation 

.. water that seeps downward is a prin- 
cipal source of ground-water recharge 
in irrigated areas of the CAZB. Dis- 
solved-solids concentrations in seep- 
age can be as much as five times 
those in the original irrigation water 
(Bouwer, 1990) because of concentra- 
tion by evaporation and plant use (see 
p. 9). The greater the dissolved-solids 
concentration in the applied irrigation 
water, the greater the concentration in 
the seepage moving downward to the 
ground water. 

To determine the effects of irri- 
gated agriculture on shallow ground- 
water quality, nine monitoring wells 

southwestern part of the West Salt I 

River Valley (see “Study Unit 
Design,” p. 26). Because the aver- . 
age depth to ground water in the . , . 
nine wells is 32 feet (table 1) co 
pared to 230 feet for wells Sam- 1 .* : 

pled basinwide, irrigation seepage ’ ; 
does not have to travel far to reach 
the shallow ground water in the 
agricultural area. Sources of irriga 
tion water in this area include 
treated sewage effluent, water :* 

from the Salt River and CAP 
canal, irrigation return flows, and 
ground water. Dissolved-solids 
concentrations of these sources - 
range from about 900 mg/L for 
treated sewage effluent (Tadayon‘ 

CAP water and 470 mg/L for Salt 
River water (Salt River Project, 

. . r’ 

’ -7 

. 
and others, 1998) to 650 mg/L for 

1997). - r .  

‘ ,  

.. 

The median dissolved-solids : : .‘ . * ~ 

concentration in water from the : . . 
nine shallow wells exceeded r :  - , . ~ 

3,000 mg/L (table 1). In addition; , .. . .: 
the effects of nitrate from fertilizer 
applications and reuse of irrigation 
return flows were evident from the 
median nitrate concentration that 
was nearly twice the MCL of 

- . .  . 
. . .  . 

. .  

i . . , .  . . . _  ’ r .  .. , * .  z . . . .  . _ . .  .r . : . : . - .  . - .  . . 
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- _  
Table 1. Median concentrations of nitrate and dissolved solids were highest in:’ ,- ,-’ , . 
shallow ground water from an agricultural area in the West Salt River Valley ’ . : -. ~ - _  : : 

= I  

Figure 19. Samples are collected at the 
well head for radon analysis to prevent 

. possible sample contamination from 
. exposure to the atmosphere. 

: _ . .  
. . . . : .  

’ . .  . .  . .  . .  . .  ’ . . .  . - . . .  . . ,. . _ .  ’ . . . .  . . . .  ’ . .  . . .  . . . . .  . 
1 .  

: . . .  . .  . . . .  , _  

West Salt River Valley 
Agricultural area 19.0 3,050 32 
Basinwide 2 7  560 230 

Upper Santa CNZ Basin 1 5  305 230 

Sierra Vista subbasin 262 

U.S. Environmental 
Protection Agency 
drinkingwater standard 

’Maximum Contaminant Level. 
Secondary Maximum contaminant Level. 
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Proposed drinking-water standards for arsenic, radon, and 
uranium have major implications for ground-water supplies 

I I -tlb 
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During 1991-98, arsenic, radon, ana uranium were measured in ground-water samples from 36 NAWQA Study Units 
across the United States. If the ground-water samples from these Study Units are representative of ground water across the 
Nation, MCLs (see Glossary) proposed by the USEPA for these constituents will affect many water suppliers and municipal- 
ities in the United States Because ground-water supplies in many parts of the Nation will likely exceed the proposed MCLq 
public-water systems would be requlred to either specifically treat their water to decrease concentrations of the constituents 
or find alternative sources of supply Costs of these options would probably be passed on to water users. 

eveloping cancers (National Resear 
1999). In 2000, the USEPA 

RADON 

Radon and uranium 
Currently, USEPA MCLs for 

radon and uranium do not exist 
Because of public health concerns, 
including increased risks for develop- 
ing lung cancer, the USEPAproposed 
an MCL of 20 Fg/L for uranium in 
1991. In 1999, the USEPA proposed 
an MCL of 300 picocunes per liter 
(pc ik)  for radon; however, if States 
or water suppliers implement meth- 
ods to lower radon levels in indoor 
air, they would oi~ly be requlred to 
meet an Alternate MCL (AMCL) of 
4.000 p c l k  (u s Environmental 
Protection Agency, rev. Apnl 21, 

Agency, rev. October 18. 1999). Of 
the ground-water samples collected 
in the three CAZB basins, 9 percent 
exceeded the proposed uranium 

MCL, 91 percent exceeded the proposed 
radon MCL, and 1 percent exceeded the 
proposed radon AMCL In the NAWQA 
samples collected nationwde, 4 percent 
exceeded the proposed uranium MCL, 
61 percent exceeded the proposed radon 
MCL, and 4 perceilt exceeded the pro- 
posed radon AMCL (Dennis Wentz and 
others, U S. Geological Survey, written 
comniun , 1999) The Study Units with 
the highest radon concentrations were in 
the Colorado Rockies and the Eastern 
United States Median concentrations of 
radon and uranium in the C U B  Study 
Unit were higher than median concentra- 
tions for the United States (figure at 

.' .' . 

Median concentrations of radon and uranium in ground water in the CAZB 
exceeded those for the Nation. 

- 

; . 
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Nitrate concentrations in ground water in the West Salt 
River Valley are among the highest in the Nation 

The study of watei quality in deep aqui- 
fers that provide drinking water in the West 
Salt River Valley is one of eight NAWQA 
pi ound-water studies nationwide that had 
more than 10 percent of samples that 
exceeded the USEPA MCL for nitrate of 
10 mgL (figure at right). Of 35 samples 
collected basinwide in the Wcst Salt River 
Valley, 34 percent had concentrations 
greater than the USEPA MCL Seventy- 
eight percent of shallow ground-water sam- 
ples from the agncultural land-use study m 
the West Salt River Valley had concentra- 
tions greater than the USEPA MCL for 
intiate Only I O  peicent of samples fiorn 
the Upper Santa Cmz Basin and none of 
the samples from the Sierra Vista subbasin 
had concentrations that exceeded the 
USEPA MCL for nitrate 

health concern for children and adults In 
children, high nitrate concentrations can Less than 

result in "blue-baby syndrome," in which 

low, 
nor's Association, 1991) 

Excessive nitrate in drinking water is a 

0 Greater than 10 percent 

0 Zero samples exceed standard 

The CAZB is one of eight Study Units in the Nation with nitrate concentra-' . 
tions in ground water that exceed the drinking-water standard in more than 
10 percent of samples. 

In  the blood Of Infants are 
so (National 

Birth defects also have been attnbuted 
to high nitrate conceiitiations (National Sources of nitrate in the Central An- 
Governor's Association, 1991) In adults, zona Basins Study Unit include evaporite 
high nitrate concentrations have been asso- deposits in basin sediments, precipitation, 
ciated with cancer (National Academy of agricultural fertilizers, animal-feeding 
Sciences, 1977) operations, WWTP outflow, and others 

(see p 10) In areas wlth agiiculhual and (or) 
urban development. sources of nitrate related to 
human activities are prevalent, whereas precipi. 
tation and geologic sources of nitrate predomi- 
nate In uildeveloped aeas 

The highest concentrations of nitrate and dis- 
.solved solids were in shallow ground water 
beneath an irrigated agricultural area. Shallow 
ground water from the agricultural land-use study 
area in the West Salt River Valley had median con- 
centrations of nitrate (1 9 mg/L) and dissolved solids 
(3,050 mg/L) that exceeded the USEPA MCL and 
SMCL, respectively (table 1). Nitrate and dissolved 
solids from irrigation and agricultural practices are 

. accumulating in shallow ground water (see p. 9 and 
I .l 1). The shallow ground water in this area is not 

. used for drinking water, and clay beds reduce the 

- .  
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likelihood of contamination of the aquifers below that are 4 , 

used for drinking water (see p. 22). 
Deeper ground water from urban, rangeland, and agri- I. .' 

cultural areas in other parts of the West Salt River Valley ~ 

had a median nitrate concentration that was less than the * 

MCL of 10 mg/L; however, the median concentration of 
dissolved solids exceeded the SMCL of 500 mg/L (table 
1) .  Median concentrations of nitrate from the Upper Santa 
Cruz Basin and the Sierra Vista subbasin also were less 
than the MCL, and median concentrations of dissolved 
solids were less than the SMCL (table 1). 
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Clay beds that currently protect deep 
ground water from contamination may not . . 

do so in the future. 
In the agricultural land-use study area of the West Salt 

River Valley (fig. 20), the tops of low-permeability clay beds 
are about 150 to 400 ft below the land surface. These clay beds 
impede the downward movement of irrigation seepage and 
reduce the likelihood of contaminants reaching deeper drink- 
ing-water supplies. Domestic wells in the area yield water from 
beneath the protective clay beds. Ground water above the clay 
beds has higher nitrate and dissolved-solids concentrations 
than ground water from beneath the clay beds (fig. 21). In this 
area, ground-water samples from above the clay beds had a 
median dissolved-solids concentration of 3,050 mg/L and a 
median nitrate concentration of 19.0 mgL (table 1). Ground- 
water samples from below the clay beds had a median dis- 
solved-solids concentration of 702 mg/L and a median nitrate 
concentration of 1.9 mg/L. Care must be taken in drilling and 
completing drinking-water wells below the clay beds to ensure 
that shallow ground water above the clay beds does not con- 

,. - 
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' 
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- 
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' . Figure 20 Low-permeability clay b 
agricultural area in the West Salt R 
reduce the likelihood of Contamination reaching _. .- 
deeper drinking-water supplies. . . .  . '  . . .  - . .  . 

I I ,  

4 .  

. .  
* . .  . - .  .: . taminate the well and aquifer below. ' - .  . : .  

ally had been recharged after 1953, and water below 
the clay beds generally had been recharged before 
1953 (see information about age dating ground water 
on p. 18). Although the clay beds currently reduce 
the likelihood that irrigation seepage will contami- 
nate the ground water below, future large-scale with- 
drawals of ground water from below the clay beds 
could possibly result in the movement of shallow, 
poor quality water through the clay beds and into the 
domestic ground-water supply. _I , . ' . .  
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Occurrence and distribution of pesticides in ground water in the 
CAZB reflect both agricultural and urban land uses. Ten pesticides 

study area in the West Salt River Valley, west of Phoenix (fig. 22). I 
other parts of the West Salt River Valley, consisting of agricultural; 
urban, and rangeland areas, eight pesticides were detected in groun 
water. Five pesticides were detected in ground water from the Upper 

cent of the basin is undeveloped rangeland (Coes and others, 2000). In 
the Sierra Vista subbasin, where urban and agricultural land uses are 
minimal (3.3 percent of basin; Coes and others, 1999) and have been 
minimal in the past, no pesticides were detected in ground-water sam- 
ples. During 1996-98, the largest quantities of pesticides used am0 

basins were for agriculture in the West Salt River Valley ( 
Agnew, University of Ari 
Office, written commun., 

. .  

etected in shallow ground water from the agricultural land-use 
, . 

: . . 
. 

IUZ Basin, where there is a mixture of land-use types, but 60 per- 

. 
' 

. 

. .' 
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Most of the pesticides detected 
in ground water in the CAZB 
were herbicides used to control ' 

unwanted plants in urban and 
agricultural areas (fig. 23). Herbi- 
cide use in urban areas is indicated 
by detections of simazine and 
prometon in the West Salt River 
Valley and prometon and 2,4-D in 
the Upper Santa Cruz Basin. These 
herbicides are used primarily in 

. 
. . . .  . .  

nonagricultural areas (u.s. Geo- 
logical Survey, 1999). Detections 

' of atrazine and deethylatrazine (a 
'breakdown product of atrazine) in 
the West Salt River Valley and the 
Upper Santa Cruz Basin are an 
indication that herbicides used in 
areas of present and historical agri- 
culture are affecting ground-water 
quality. Atrazine is one of the most 
heavily used herbicides in agricul- 
tural areas in the United States 
.(US. Geological Survey, 1999). 

. Concentrations of pesticides in 
ground water did not exceed 
drinking-water standards or 
guidelines. Although deethylatra- 
zine, simazine, prometon, DDE, 
atrazine, and diuron were detected 
in more than 30 percent of the 
ground-water samples from the 
agricultural land-use study area of 
the West Salt River Valley, none of 
the concentrations exceeded drink- 
ing-water standards or guidelines. 
Similarly, pesticides detected in 
ground water from the basinwide 
sampling in the West Salt River 
Valley during 1996-98 did not 
exceed drinking-water standards or 
guidelines. 

DDE was detected in 10 (56 . 

percent) of the shallow ground- 
. water samples from the agricul- 
tural land-use study area in the 
West Salt River Valley. Detections 
of DDE in this area are the result of 
the persistence of this insecticide 

. - breakdown product in the environ- 
ment and the physical characteris- 
tics of the ground-water system in - 

_ _ .  

PESTICIDES DETECTED IN GROUND WATER I 

DEETHYLATRMINE 

ATRAZINE 

EPTC 
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Figure 23. Most of the pesticides detected in ground water in the CAZB 
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the area. In particular, the shallow 
depth to ground water in the agri- 
cultural land-use study area means 
that irrigation seepage and recharge, 
containing pesticides and their 
breakdown products, do not have to 
travel far to contaminate the ground 
water. Clay layers impede the 
movement of pesticides into the 
deeper aquifers in the area. The 
soils in the agricultural area have 
been identified as a source of DDE 
for the ground water (Brown, 1993). 
The only detection of DDE in the 
West Salt River Valley outside of 
the agricultural area was in a sample 
from the northern part of the Phoe- 
nix metropolitan area. DDE was not 
detected in samples from the Upper 
Santa Cruz Basin or the Sierra Vista 
subbasin.The large depths to ground 
water and small amounts of DDT 
used in most of the West Salt River 

. .  _ . .  

'esriciaes ana numan neairn 
Laboratory studies, mostly on ani- 

.nals, have shown that pesticides can 
cause health problems such as birth 

:fects, nerve damage, cancer, and di 
iption of the endocrine system 
JSEPA, rev. June 12,2000). The 
:alth effects on humans are not ade- 
lately understood, particularly whei 
;timating the risks of exposure to m 
.res of pesticides in water (U.S. Gec 
lgical Survey, 1999). The USEPA 
:tennines risk on the basis of toxicil 
id exposure to a single pesticide (U. 
nvironmental Protection Agency, re 
ovember 17. 1999), whereas 
AWQA studies in the CAZB (see p 
4) and nationwide have shown that 
lost contamination in water occurs s 
:sticicle mixtures (US.  Geological 
urvey, 1999). The effects of exposu 

to low concentrations of pesticide mi 
tures in drinking water is not known ai 
will require further study to determine 
itandards or guidelines can be devel- 

I 

Valley, the Upper Santa Cruz Basin, 
and the Sierra Vista subbasin limit 
the potential for introduction of 
DDE to the ground water. ' )ped. 
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study area had 3 or more pesticides 
detected, whereas only 3 of the 35 
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Figure 25. The VOCs trichloromethane, 1,2,4-trimethylbenzene, ..' : 
and tetrachloroethene were detected most frequently in ground ~ . _. 
water 

icides were detected in all nine rnonitonng wells in 
study area of the West Salt River Valley . . . . I 

. ,  . f  

. * _  Volatile organic compounds (VOCs), 
including gasoline compounds, solvents, 
and refrigerants, have been identified as 
major concern for ground-water contami 
nation in Arizona (Marsh, 1994). Leakin 
underground storage tanks and disposal o 
solvents have been linked to most of the doc- 
umented cases of ground-water contamin 
tion by VOCs. Electronic- and aerospace 
manufacturing facilities use solvents for 
degreasing and are known to be sources 
some of the largest VOC contamination 
problems in Arizona. Disposal of solve 
from these types of facilities has occurred 
since the 1950s (Marsh, 1994). Dry-cle 
facilities also have been identified as s 
of recent ground-water contamination 
VOCs. Some municipal supply wells 
urban areas of Phoeni 
longer used because of 
VOCs (Marsh, 1994). 

VOCs were detecte 
from all three basins 
1996-98 (fig. 25). Of the 96 samples col- 
lected, 33 (34 percent) contained trichlo- ' . 
romethane, 24 (24 percent) contain 



. . trimethylbenzene, and 20 (21 per- . 
. I  .. . . - . :’ cent) contained tetrachloroethene . . .  _ .  

I .  :. . - (otherwise known as perchloroeth- . . .  . .  
ylene, PCE, a solvent commonly 
used in dry cleaning). Only two 
VOC detections exceeded drink- 
ing-water regulations-PCE (5.48 
pg/L) in the Upper Santa Cruz 
Basin and 1,2-dibromoethane 
(0.080 pg/L) in shallow ground 
water in the agricultural area of the 
West Salt River Valley. 

Shallow ground water from 
the nine wells in the agricultural 
land-use study area had the larg- 
est number of VOC detections 
(35). Ground water from the other 
35 wells in the West Salt River Val- 
ley had 32 detections. The Upper 
Santa Cruz Basin (1 8) and the 

. -  - .  

Sierra Vista subbasin (1 3) had fewer 
detections. The larger area of urban 
land use in the West Salt River Val- 
ley appears to be the reason for the 
greater number of detections there 
than in the other basins sampled. 

Three wells that had five or 
more VOCs detected in ground 
water were located in the metro- 
politan area of Phoenix in the 
West Salt River Valley. The VOCs 
detected in these wells were either 
refrigerants, solvents and chemicals 
used to make solvents, or gasoline 
additives. These detections are typi- 
cal of detections found in small- 
capacity wells in the metropolitan 
Phoenix area (Marsh, 1994). Combi- 
nations of solvents and gasoline 
additives are often detected in 

. I . _ . .  

ground water because their use is ._I ’ 

widespread, not necessarily becaus 
they are from the same source : , 
(Squillace and others, 1999). ’ ’ .’ 

Detections of VOCs in ground 
water in the relatively undevel- ~ 

oped Sierra Vista subbasin indi- ‘ 
cate that ground water in localize 
areas of the subbasin may be 
affected by human activities. 
These detections are not widespread; 

.’ * 

. .  therefore, the effects of human activ- : . . .  
ity on present-day ground-water . r . - ‘  

quality are not considered significant 

tions are an “early warning” of what 

- - - . .  . * .  
: I _ -  * 

for the entire subbasin. These detec- 

could occur in the future in a basin , , 

that I s  presently considered mini- .‘ 
mally affected by urban activities. 

* _  _ -  

. .  . .  

I 

Trichloromethane was the most commonly detected 
VOC in the Nation and in the CAZB Study Unit 

I 
M 
Trichloromethane (chloroform), tetrachloroethene (PCE), and 1,2,4-trimethylbenzene were three of the five most commonly 

detected VOCs in the Nation and in the CAZB when concentrations above an assessment level of 0.1 kg/L were considered. The 
national data collected by the NAWQA Program during 1996-99 represent ambient ground water for all land-use types.Tnchlo- 
romethane and PCE have been shown to cause cancer in laboratory animals from long-term exposure at concentrations greater than 
USEPA MCLs. 

bon tetrachloride. It can enter ground water from lawn irrigation, lealung sewers and water mains, and spills or improper disposal at 
industrial sites The use of treated effluent from sewage-treatment plants for irngation also provides a way for trichloromethane to 
reach the ground water in the CAZB, specifically in the agricultural land-use study area in the West Salt River Valley. 

PCE is a solvent used primarily for degreasing and at dry-cleaning facilities. 1,2,4-trimethylbenzene is used to make trimellitic 
anhydride, dyes, and pharmaceuticals. Because there are many individual sources of these compounds in urban areas of the CAZB, it 
is diffcult to identify the exact sources of ground-water contaminatiop wiLhoyf site-specific 

Trichloromethane is a by-product created during the use of chlorine to disinfect water, a solvent, and a degradation product of car- 

, . 1 .  . .  . . . .  * . _  
_ * .  ; .  the NAWQA sampling program. . . I . >  

Five most frequently detected volatile organic compounds in the CAZ 

Central Arizona -Ins Study Unit 

Trichloromethane 16 Trichloromethane 12 

Chloromethane 6 Toluene 4 

retrachloroethene 5 Tetrachloroethene 4 

1,2,4-Trimethylbenzene 4 Carbon disulfide 4 

Bromodichloromethane 2 1,2,4-Trimethylbenzene 4 - - 
(Data include all land-use types; assessment level of 0.1 microgram per liter) , -  
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Appendix I 
G ROU N DWATER ASSESS M ENT 
Authors: Wayne Hood, R.G. (retired), Douglas Towne and GIS 
Analysis by Steve Callaway 

In traduction 

Arizona’s communities, agriculture, industries, energy production, and ecosystems, 
such as wetlands and aquatic habitats, depend on adequate water supplies of 
suitable quality. About 3.1 million acre-feet (maf), or 43 percent of Arizona’s water 
use annually, comes from groundwater sources; remaining water supplies come 
from the Colorado River and in-state streams (3.8 maf) and reclaimed water (0.2 
maf) (ADWR, 2009). Groundwater is the major source for crop irrigation and public 
water supply in both cities and rural areas across the state. This report summarizes 
groundwater quality conditions on a regional-scale partially based on water 
monitoring results by ADEQ and collaborators from 1995 to 2009 for basin-fill 
aquifers in Arizona. This extensive hydrologic system within the Basin and Range 
Lowlands and Central Highlands Provinces represent the vast majority of the state’s 
groundwater withdrawals. Basin-fill aquifers provide a useful framework for regional 
synthesis of water quality data within basins of comparable geologic or depositional 
setting, land and water uses, and climate. However, water quality can vary 
significantly within these aquifers, reflecting the heterogeneity of natural systems. 

The data analyzed for regional groundwater quality conditions represent 
investigations with different monitoring objectives (e.g., ambient and targeted 
groundwater studies) and do not collectively denote statistically-based sampling 
designs. This high quality dataset is adequate for assessments on occurrence and 
general concentrations of contaminants evaluated for potential human health 
impacts. Statistical summaries are derived and provided for several water quality 
constituents in selected alluvial basins. In basin-fill aquifers with sufficient 
monitoring results for nitrate, due to special concerns as a widespread contaminant, 
a geostatistical general kriging approach was used to depict nitrate (as N) variations 
spatially by extrapolating available groundwater quality data to unmonitored areas. 
Finally, this report also includes summaries of comprehensive basin/sub-basin 
ambient water quality and geochemical studies based on data collected by ADEQ’s 
Ambient Groundwater Monitoring program over the past 15 years using statistical 
sampling designs (Hood, Meyers and Totman, 1988; Hood, 1991). 

Arizona’s Groundwater Management Act of 1986 protects all aquifers for drinking 
water use. Many ecosystems are also dependent on direct access to groundwater or 
from groundwater discharge to streams, lakes, and wetlands. Major pollutant 
sources in Arizona are well documented including agricultural activities, wastes from 
industry, leaking underground storage tanks, on-site wastewater treatment systems 
(e.g., septic tanks), landfills, mining, wastewater treatment plants, and natural 
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sources. Over the past 24 years, state groundwater protection programs have been 
effective in protecting aquifers and preventing contamination. Generally, 
groundwater quality throughout the state meets primary drinking water standards, 
however there are numerous exceptions due to human-caused contamination and 
pollutants present at naturally elevated levels. 

Pollutants detected in groundwater include nitrate, volatile organic compounds 
(typically industrial solvents), dissolved-solids (TDS) and sulfate, metals (e.g., arsenic, 
chromium), pesticides, petroleum hydrocarbons (usually gasoline or diesel), 
radiochemicals (e.g., radon-222) and bacteria. Although groundwater contamination 
is a serious problem, the quality of water delivered in public supplies is strictly 
regulated and monitored to meet state and federal standards set to protect public 
health. However, there are more than 100,000 private domestic well owners 
representing about 5% of Arizona’s population that are not subject to State drinking 
water regulations, and are not required to periodically conduct water quality tests. 
Every year more than 3,000 new domestic wells are constructed adding to the 
number of private well owners who are often unfamiliar with the water quality 
condition of their wells and may not be aware of local water contaminants that could 
adversely affect health. Comprehensive and reliable information on the occurrence 
and levels of contaminants in groundwater is essential for the protection of public 
health and the environment. 

Principal Aquifers 

Aquifers in Arizona are composed of unconsolidated sediments (alluvial aquifers), 
consolidated sedimentary strata (sandstone and limestone aquifers), and crystalline 
rocks of igneous and metamorphic origin (fractured and decomposed bedrock 
aquifers). These aquifers are located within the three physiographic provinces of the 
state based on hydrogeology, altitude and other factors: the Basin and Range 
Province, the Central Highlands Province, and the Plateau Uplands Province. ADEQ 
has adopted groundwater basin and sub-basin boundaries delineated by the Arizona 
Department of Water Resources; basin designations are based on physiography, 
surface drainage patterns, subsurface geology and aquifer characteristics (Figure 1). 

The desert Basin and Range Lowlands Province constitutes 45 percent of the State’s 
land surface area and majority of population in the Phoenix and Tucson metropolitan 
areas. Other major communities include Yuma, Parker, Bullhead City, Lake Havasu 
City, Safford, Sierra Vista, and Willcox. This province is characterized by broad alluvial 
basins bounded by long mountain ranges rising sharply from the desert floor. The 
basins are filled by great thicknesses of fine-grained and coarse-grained sediments 
eroded from the mountains. The sediments deposited in the basins show much 
variation laterally and vertically in groundwater storage and transmission properties. 
Groundwater occurs in confined, unconfined and perched conditions. This basin-fill 
alluvium forms the most productive aquifers in Arizona, from which a majority of all 
groundwater is pumped. Depth to groundwater ranges from just below land surface 
to more than 1,000 feet. 

Appendix I- 2 



The Central HiPhlands Province, covering 15 percent of the state, provides a geologic 
and physiographic transition from the Plateau Uplands to the Basin and Range 
Lowlands. Major population centers include the city of Prescott and towns of Payson, 
Chino Valley, and Prescott Valley. The Mogollon Rim marks the northern boundary of 
this province. Aquifers in this province are varied, including alluvial aquifers 
occupying relatively small basins, aquifers in consolidated sedimentary rocks, and 
fractured and decomposed basalt (volcanic rocks) aquifers. For instance, in the 
upper and middle Verde river watershed, the Big Chino sub-basin aquifer consisting 
of limestone and dolomite units and subsurface basalt flows are likely directly linked 
to Tertiary sediments (gravels and playa deposit facies) forming part of the 
substantial regional basin-fill aquifer in that area. Much of the surface water flow 
within Arizona originates in the Central Highlands Province. The streams and rivers 
within this province are often fed by groundwater along parts of their length. 

The Plateau Ur>lands Province in the northeastern 40 percent of the state is 
underlain by extensive consolidated sedimentary rock formations. Most of the 
groundwater is withdrawn from these strata, although localized alluvial aquifers also 
provide supplies. A relatively small percentage of the state’s population occupies 
this province, but includes the city of Flagstaff. While groundwater may be found 
near land surface, it generally occurs at a depth of more than 1,000 feet in the 
consolidated sedimentary rocks. The multi-aquifer systems of the province contain 
three major systems: 1) C-aquifer consists of Coconino Sandstone as the primary 
water-bearing unit that underlies all of Apache, Navajo, and Coconino Counties 
occurring near the surface along the Mogollon Rim extending northward to depths up 
to 5,000 feet in the Black Mesa and Monument Valley areas; 2) N-aquifer overlies 
the C-aquifer consisting of Navajo Sandstone, Kayenta Formation, Moenave 
Formation, and Wingate Sandstone outcropping in the Kanab area of northwestern 
Coconino county extending eastward at depths near the surface to 1300 feet below 
land surface in the Tuba City area; and 3) the D-aquifer system overlies the N-aquifer 
comprised of Dakota Sandstone, Morrison Formation, Cow Springs Sandstone, and 
Entrada Sandstone, but the main water-bearing unit is the Dakota Sandstone 
extending over the Black Mesa area in Navajo County and northeastward to the 
Chinle areas in eastern Apache County with usually small well yields. The Bidahochi 
Formation and basalt consisting of volcanic rocks form relatively minor aquifers in 
the province. 
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Groundwater Basin Designations (Figure 1). 

AGF Agua Fria PAR Paria 
ARA AravaiPa Canvon PHX Phoenix AMA 

BUT Butler Valiey PRE Prescott AMA 
BWN Bill Williams PSC Peach Springs 
CCK Cienega Creek RAN Ranegras Plain 
COP Coconino Plateau SAC Sacramento Valley 

DON Donnelly Wash SBV San Bernadino Valley 
DOU Douglas SCA Santa Cruz AMA 
DSW Dripping Springs Wash SHV Shivwits Plateau 
DUN Duncan Valley SRB Salt River 
GIL Gila Bend SRF San Rafael 
GWA Grand Wash SSW San Srnon Wash 
HAR Harquahala TIG Tiger Wash 
HUA Hualapai Valley TON l on to  Creek 
KAN Kanab Plateau TUC Tucson AMA 
LCR Little Cotorado River USP Upper San M r o  
LGB Lower Gila UHA Upper Hassayampa 
LKH Lake Havasu VREl Verde River 
LSP Lower San Pedro VRG Virgin River 
MEA Meadview WIL Willcox 
MHV Lake Mohave 
MMU McMulten Valley YUM Yuma 

SAF Safford 

WMD West Mexican Drainage 

I MOR Morenci 

Regional Groundwater Quality Conditions 

Contaminants found in drinking water supplies are of concern when they approach or 
exceed levels that may be harmful to human health. State and federal legally 
enforceable standards for drinking water are Primary Maximum Contaminant Levels 
(MCLs). These enforceable standards define the maximum concentrations of 
constituents allowed in water supplied for drinking water purposes by a public water 
system and are based on a lifetime daily consumption of two liters per person (WQA, 
2006). Non-health-based standards, or Secondary MCLs (SMCLs), have mostly 
cosmetic effects (such as color and taste or odor) but are also important standards 
to gage general water potability. These are unenforceable aesthetic guidelines that 
define the maximum concentration of a constituent that can be present in drinking 
water without an unpleasant taste, color, odor, or other effect (WQA, 2006). Also, 
USGS Health Based Screening Levels (HBSLs) are used for those contaminants 
without MCLs or SMCLs, such as radon. USGS HBSLs are non-regulatory 
benchmarks and guidelines developed using EPA toxicity data and methods 
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(Toccalino and Norman, 2006). Table 1 lists the water quality parameters selected 
and analyzed for the regional assessment of conditions in principal basin-fill aquifers. 
These parameters are of special interest locally and nationally. 

Table 1. Health-based criteria and sources for selected water quality parameters. 

Water Hcaaltkgased Potentfaf Health Potential Sarrces 
QMW w ~U~~~ Effects 

Pammw 
Arsenic (As) EPA MX 10 &L Skin damage or Naturally Wrnng as 

problems with Arsenic sulfide and other 
cir mineraS elt?vHed levels 
an favor low dissofvrad oxygen 
in cancer and high pH 

EPA SMCL 2 mg/L and tenderness of elevated levels correlated 
Fluorioe (F) EPA MCL 4 mg/L Bone disease (pain NatLrally occming;  

bones): mottle0 teeth with TDS levels 
Hardness Hardness Classification: Describes Ca and Mg principal 

Soft e75 mu1 as Gaco3 effectiveness of soap Vibutors 
Moderately Hard 75159 mg/L 
Hard 150-300 mg& 
Very Hard >300 mg/L 

in water and tendmcy 
foc scale deposition in 
water heaters 

[\. trate EPA MCL 10 mg/L as N Restricts oxygen RLnoff from fertilizer use, 
(NO3 as N) transport in leaching from septic tanks, 

bloodstream, erosion of natural deposits; 
particularly in infants levels >2 to 3 mg/L suggest 
resulting in human-caused sources 
methemoglobinemia; 
other serious health 
effects oocclmenteo 

Radon222 EPA Proposed MCL of 3001 4,000 Adverse effects Natural9 accurring waer 
m/t primarily from soluble radioactive gas 

ating from radlum- 
( s indw air radon aspiration contributing part of umium-238 
r Is = or 4 pct lL]  to risk of kulg and &cay series); levefs 

gastrointestinal controlled by di$tribution of 
cancers uranium bearing minerals 

inhalation from watw 

Sulfate EPA SMCL 250 mg/L Elevateo levels tend to  Naturally occurring oy 
deposit scale on gypsum dissolution, 
heating, cause oxidation of sulfide-bearing 
unpleasant taste and minerals, fertilizer 
gastrointestinal effects application, and mining 

operations; positively 
correlated with TDS . 

Dissolved. EPA !%4CL 500 mg/L Indicator of satin&, TDS major. oonstituents 
solids d ~ d r n ~ $ ~ ~ b i ~  of indtrde calcium, rn) water for certain uses; 

levels 
L onaMe 

, iweaas8 use of 
nts and sctaps, 

thraugh salt ootpntmtion 
and pickup wturatly or 
humran-cauwd by inQustrial oorrosion of metallic 

return flow, miniw aod 
agvitim leadingtt, soil 
erosion 
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A statistical summary of the selected water quality variables compiled from ADEQ’s 
groundwater database is presented in Tables 2 through 8. The statistics are based 
on data collected from 1995 to 2009 from basin-fill aquifers representing the Basin 
and Range Lowlands and Central Highlands provinces. Percentile concentrations of 
these variables provide valuable information on overall water quality conditions that 
reflect the multiplicity of land uses and differing hydrologic characteristics of aquifers 
within the state’s hydrologic provinces. The statistics derived are based on non- 
parametric procedures accounting for censored data and do not consider water 
quality changes with depth or areal spatial distribution. 
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The local lithology and mineralogy of the alluvial sediments in the Basin and Range 
Lowlands and Central Highlands provinces greatly affect the chemical composition of 
groundwater. On examining tables 2 through 8 there are several important inferences. 
Naturally occurring arsenic levels vary from trace amounts to over 100 times the drinking 
water MCL of 10.0 pg/L in Tonto Creek and Verde River basins, and median levels 
exceed the MCL in many basins across the state. Fluoride is found at trace amounts to 
more than 15 times the MCL of 4.0 mg/L, with median concentrations exceeding the 
MCL in only the Ranegras Plain basin. Water hardness can be generally classified as 
hard to very hard (greater than 120 mg/L as calcium carbonate) throughout the state. 
Nitrate (as nitrogen) median concentrations do not exceed the MCL of 10.0 mg/L, 
however many basin-fill aquifers have concentrations greater than 2.0 to 3.0 mg/L 
suggesting anthropogenic caused impacts. Median concentrations of radon exceed the 
USGS HBGL of 300 picocuries per liter (pCi/L) in many basins with measurements. 
Median sulfate concentrations vary from 13.0 mg/L in Virgin River basin to 611.0 mg/L 
in Yuma basin, exceeding the 250.0 mg/L SMCL in only 6 basins. Median dissolved- 
solids (TDS) levels in water from all alluvial aquifers measured range from less than 100 
mg/L to more than 2,500 mg/L with 12 basins exceeding the 500 mg/L SMCL. 

Of groundwater samples collected in basin-fill aquifers statewide (1995-2009), about 
20% exceed the arsenic MCL, 7% exceed the fluoride MCL, and about 63% exceed the 
radon USGS HBGL. These results for naturally occurring contaminants in Arizona are 
much higher than results recently released by a USGS study of water quality from 
domestic wells sampled in principal aquifers across the nation (DeSimone, 2008). USGS 
reports that of the 2,100 wells surveyed in 48 states, 6.8% exceed the arsenic standard, 
1.2% exceed the fluoride standard, and about 65% exceed the radon guideline. These 
dramatic differences are not unexpected, given climatic and hydrogeologic conditions of 
the Southwest aquifers generally favor greater levels of natural contaminants such as 
arsenic and fluoride. Also, notable is the frequency of nitrate (as nitrogen) MCL 
exceedances at about 15% is more than three times greater than USGS national 
estimates at  4.4%. Sulfate concentrations were greater than the standard in about 21% 
of wells in Arizona basins as compared to national findings at  3.79%. The frequency of 
wells exceeding the dissolved-solids (TDS) SMCL of 500 mg/L, an overall indicator of 
water quality conditions, was reported at 15% nationally as compared to estimates at 
46% in this study. 

These findings on regional groundwater conditions advocate for the importance of 
sustained water quality sampling and testing to determine the safety of consuming water 
from principal aquifers. Monitoring programs are severely under funded in Arizona 
undermining efforts to more fully characterize aquifer-specific water quality conditions 
for drinking water and environmental impacts to surface waters and sensitive wetland 
habitats. Additionally, greater attention to the quality of drinking water from rural 
domestic wells and public education efforts are important goals to protecting public 
health. Private well owners are responsible for testing the quality of their well water and 
necessary treatment. Information and guidance about well maintenance, water quality 
and testing options, and in-home water treatment devices is available through local and 
State health and environmental protection agencies and at several online resources - 
httD://water.usgs.gov/nawaa/studies/domestic wells/ and 
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httD://sahra.arizona.edu/wells . 
Many human-caused groundwater quality problems are located in the Phoenix and 
Tucson metropolitan areas, but as evidenced in the statistical summaries of several 
parameters, groundwater quality problems are found statewide. A list of major groups of 
pollutants found in Arizona groundwater is provided in Table 9 followed by pollutant 
summaries. 

Table 9: Major Types of Pollutants Contaminating Groundwater in Arizona. 

Pollutant Group Pollutant 
N u tr i e n ts Nit rate 

Major Cations/Anions 

Metals 

P h ys i ca I 
Pesticides 

Volatile Organic Compounds Tr ic h Io rethyl e ne (TCE) 
Tetrachloroethylene (PCE) 
C h Io rof o r m 
l,l, 1-trichloroethane (TCA) 
Methylene chloride 
Freon-l l@, Freon-12@, Freon-113@ 
1, l -d i c h Io roet h a n e ( DCA) 
Vinyl chloride 
BTEX 
MTBE 
Fluoride 
Total Dissolved Solids (TDS) 
Sulfate 
Arsenic 
Lead 
Chromium (Cr+3, Cr+6) 
Iron 
Manganese 
Selenium 
PH 
Ethylene Dibromide (EDB) (banned) 
Dibromochloropropane (DBCP) (banned) 
Diuron 
Prometryn 
lmidacloprid 
Met hoxyfen ozide 
Dimethomorph 
Flutolanil 
Atrazine 

Diesel 
Uranium 
Radium-226 and 228 
Radon 

Microorganisms Total Coliform Bacteria 
Fecal Coliform Bacteria 

Petroleum Hydrocarbons Gasoline &Jet  Fuel 

Rad i 01 ogica I 
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Nutrients - Nitrate 
Nitrate is one of the most common pollutants in the state’s groundwater and is 
associated with both human activities and, infrequently, natural nitrogen sources. 
Nitrate reduces the ability of red blood cells to carry oxygen, particularly damaging to 
infants who drink water with high levels of nitrate. Other serious health conditions may 
include increased risks of spontaneous abortion or certain birth defects, ovarian and 
bladder cancer, and non-Hodgkins lymphoma (CDC, 1996; Ward et al, 1996; Weyer et al, 
2001; Fewtrell, 2004). Nitrate levels in groundwater have decreased in some areas 
where agricultural activities have been replaced with urbanization, but have increased in 
other areas. Percolation of nitrate-laden water from irrigation, septic tanks, wastewater 
treatment plants, concentrated animal feedlots and natural nitrate occurrences are likely 
causes of elevated nitrate levels. Nitrate is not significantly attenuated by the soil and 
therefore travels with the groundwater largely unchanged. Large portions of aquifers 
within the Salt River Valley, including areas in Glendale, Mesa, Chandler and Phoenix, 
contain groundwater with nitrate concentrations high enough to render the water unfit 
for potable use. In addition, high nitrate levels in some wells have been detected in 
Marana, St. David, Quartzsite, Bullhead City, Lake Havasu City and other areas. Septic 
tank discharges are common nitrate sources in rural areas of Arizona and have 
contaminated drinking water wells. Quartzsite, Bullhead City and Lake Havasu City are 
just a few locations with elevated nitrate in groundwater that have taken significant 
steps to address wastewater disposal problems. 

Basin and Sub-basin scale maps (Appendix A) of nitrate levels in selected basin-fill 
aquifers have been developed to represent the general magnitude and distribution of 
this serious public health concern. Ordinary kriging analysis was employed, using ESRI, 
Inc. ArcMap geostatistical analyst extension, to synthesize nitrate groundwater 
monitoring data for discrete locations (wells and springs) into maps of the spatial pattern 
of water quality variations. Few studies in Arizona have conducted spatial mapping of 
groundwater quality monitoring data through kriging approaches that can be used to 
provide an optimal estimate of the spatial extent of water quality parameters. The maps 
are for regional use only and have limitations at the field scale. There are many 
complexities that affect the concentration of nitrate in groundwater and in a particular 
well. This spatial representation of nitrate levels in basin-fill aquifers is a starting place 
for future assessments on potential drinking water risks and determination of areas of 
concern. 

Vola tile Organic Compounds (VOCs) and Superfund Sites 
Aside from gasoline leaks reaching groundwater, disposal of solvents has resulted in 
most of the state’s documented cases of volatile organic compound-contaminated 
groundwater. High-technology manufacturing facilities (often electronics and 
aerospace), which use these solvents for degreasing are generally located in urbanized 
areas where most of the volatile organic compound problems have been found. 
Disposal of solvents has been documented from the early 1950s and probably began 
earlier. Specific industrial waste disposal practices leading to groundwater 
contamination by VOCs include injection into dry wells and disposal into surface 
impoundments, leach fields, dry washes and unregulated landfills (Graf, 1986). Many of 
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the recently discovered volatile organic compound problems can be traced to disposal or 
leaks at  dry cleaning facilities. Surface spills are less common causes of volatile organic 
compounds in groundwater. In the past, public drinking water wells in the Phoenix and 
Tucson metropolitan areas and in Payson have been closed because of volatile organic 
compound contamination. An overview of major sites in Arizona where groundwater 
and/or soil contamination is present is summarized in Table 10, including the site name 
and type of investigations employed, general groundwater conditions, primary water 
quality parameters/contaminants of concern, and known impacts to private or public 
drinking water wells. Detailed Superfund/WQARF program site information, maps and 
definitions of terms in the table are at www.azdeu.Rov/environ/waste/sDs/index.html . 

Table 10. Status of Federal and State (WQARF) Superfund Sites in Arizona. 

Klondvke Tailings - - 
4.5 miles upstream WQARF Antimony, Beryl I i um, 
of Aravaipa Canyon RI Basin-fill 10 to 60 Copper, Manganese, No 
Wilderness Area Arsenic, Zinc in soils & 

I um in u m, Arsen ic, 
Beryl I i u m, Cadm i um, 
Copper Cobalt, Iron, 

WQARF Basin-fill <5  to Manganese, Nickel, Yes, several 
loo+ Sulfate, Zinc, Acid, private wells 

Pinal Creek - 
Globe-Miami area Remediation 

Uranium, Radium, 
Fluoride, Chromium, 
Lead. Mercurv 

Basi n-fi I I: 
Upper (perched) 40 TCE @ @ 2.8 44 In in "'per Upper WQARF 

Remediation to 70 wells 
Yes, 7 private Tyson Wash - 

Quartzite 

Lower 400 to 500 
Vulture Mill T % WQARF 
mile NW 
Wickenburg 

h a d ,  Awnic, iron, SBYWal 
ate! wet@ n Basin-fiU e5 to 50+ htlanganftse 

Basin-fill: 

Nitrate, perchlorate, Yes, several Perched (local) - 
dry Arsenic, Fluoride private wells 

Remediation Shallow 40 to  70 

Apache Powder - 
2.5 miles SW St. NPL 
David 

1 Regional (artesian) I 
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Basin-fill 30 to 50 
Bedrock 200  to 
1,000 Lead @ > 15 

Arsenic @ > 10 
Humboldt Smelter RI 
- Dewey-Humboldt 

TCE, RCE, and R E  
500 Yuma Marine Corps PIPL Basin-fill: 

Air Station - Yuma Remediatian Upper 4Q to 50 Pevaeum 

Mountain View Basin-fill: 
Regional Hydrocarbon 

No I NPL - Delisted Regional - Gila Asbestos in soil I Mobile Home 
Estates - Globe conglomerate 

8asin-fill 24 to Barry M. Goldwater MMRP 
660+ Range - 2.7 million ,., 

acres in SW Arizona ... . .  1 -  

Metals, explosives, 
dioxin/furans, 

Alluvial >1u 
Perched 350+ 

Post Closure Coconino-Supai 

ASARCO Hayden Cleanup Plant - Hayden and Sampling Gila R. Alluvium 

Molvbdenum in GW 

I Camelback - ERA, GW Upper 60 to 65 1,2-DCA @ 7 No I 
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Cil,2-DCE, Benzene, 

IUU 
Cooper/Commerce WQARF Basin-fill: TCE @ > 5 
-Gilbert ERA, RI Upper 130 Metals & TPH in soils 

FCE(iP200 No, 1 irrigation 
well &sin-fili: TCE(iP.5 

East central 

UPP@r 30 to 68 Bm WBE, 
Phoenix 
East Central 

PCE @ 3,600 Phoenix (ECP) 32"d WQARF Basin-fill: 
St & Indian School ERA, RI Upper 45 

PCE @ 180 Indian School Rd - ERA, RI 

PCE @ 7 8  No Basin-fill: 
Upper 25 

WQARF 
ERA, RI Indian School Rd - I Phoenix 

NO r3aSikfilk Lead, Cadmium, WQARF 
East R e m i a t i o n  
Ruff - Phoenix completed Upper 76  to  85 Arsenic, PCBS in d l  

Arsenic 

Estes Landfill - 
Phoenix 

Chromium 
cis-1,2-DCE @ > 70 
TCE @ 2.8 No 
Vinyl Chloride @ 510 
Benzene, Barium, 
Lead, Manganese 

Basin-fill: WQARF 
Finalizing PRAP Upper 
& Monitoring 

- 
Wn-fll: 
Upw 110 to P(;E No, 2 irrigation 

Lower 

WQARF 

RI ERA (SVQ Middle TCE, -m Wells 
south M e s a  - 
Mesa 

Basin-fill: 
Upper 130 to 139 Yes, 4 wells TCE, PCE, 1,l-DCE WQARF West Central 

Phoenix (WCP) East ERA, Fs 
Grand Ave - Middle BTEX 

I Phoenix Lower I -- -- - 
Baslkflll! 

Yt?S 

WCP North Plume - WQARF Basi n-f i I I : TCE, PCE, l, l-DCE, \/-- 

WGrP west TCE 
-Phoenix ' ERR Middte 

Lower 

I I E> I Phoenix ERA. RI Umer 120 to 145 Vinvl Chloride, 
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Lower BTEX, MTBE, Nitrate 

TCE, RE, l , l -WE, 
Vinyi Chloride, 

Yc3$ WCP North Canal WQARF Basin-fill: Chromium, WBE, 
P~UW - P h W k  ERA, Ri 326to133 Nmi? 

Basi n-f i I I : 

I Yes WCP West Osborn WQARF Upper 128 to 138 TCE @ > 5 I Complex - Phoenix ERA, FS Middle PCE, MTBE, Nitrate 
Lower 

n-fill: PCEQ90 
WestVan Buren - WQARF Upper Wto140 TCE9150 No, irrigation 
Phoenix ERA, Ri Middle 200 to 4.0 l,l-DcE, Cis-l,2-DCE, wells 

Lower 1.1-DCA 
.. 

N PL-delisted 

TCE @ 540 in UAU 
South Indian Bend RI/FS Upper 50 to 60 

completed, SVE, Middle 
.. . . 

RIP1 
Many RPs and 
three e 
Units 6 TCE 9 640+ 

TCA, WE, DCA, Vinyl 
chloride, PCE 

Motorola 5r”d St - PRP, RVFS U to 
Phoenix Preliminary Middle 

remedial lAWw 
actions - WE & 
GW 

NPL Basin-fill: 
Upper TCE Phoen ix-good yea r RI,FS 

Airport North - Remediation - Middle Perchlorate @ 130 
SVE & GW Lower 
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Williams Air Force Six Operable Jet fuel, TCE, assorted No 

PCE, TCE, CIS 1,2 DCE No 

Los Reales Landfill 

SVE/GW 

PCE @ > 5 
T C E @ > 5  

Diesel free oroduct 

Upper (perched) 90 cis 1,2 DCE @ > 70 Lower 200 RI, monitoring 

Basin-fill: 
Upper 145 

WQARF 

(SVE/G W pu m p 
Silverbell Landfill - ERA, RAP 
Tucson 

PCE @ > 5 
TCE @ > 5 

Yes, private wells 

& treat) 

TCE 0 > 270 
PCEO>43 Yes, city and 

private: wells 
cis L2-m 

Elask-r-fill: Tucson 
International Airport ccwnpled 
Area (TW) - 
Tucson 

onal 80 to 240 l,l-DCE 
RemadlaXion 

TCE NPL 
R I/ FS 
completed 

Basin-fill: Chromium Yes, city and 
Regional 90 to 160 1,4-Dioxane @ 600 private wells 

Air Force Plant 
44/Raytheon 
Project Area (part of Remediation 
TIAA) - Tucson 1,l-DCE 

Yes,c@and 
of private wells 

Yes, city and 

NPI, 
RI/FS 

Basi n-f i I I : TCE @ 46 Arizona Air hational NPL 
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Project Area (part of completed 
T IM)  - Tucson Remediation 

I Tucson Airport I 
Basin-fill: TCE 63 100 Yes, city and 
Regional 80 to 240 1,CDioxane 63 12 private wells 

Remediation NPL 
Project (part of 
TIAA) -Tucson Remediation 

R I/ FS 

I Yes, city and 
private wells 

TCE 6rP 530 
PCE 411: West-Cap Project N R  

Area (part of T M )  - RI/fS 
Tucson 85 to l,$l-JM 

~ 

TCE 63 15 N PL Basin-fill: 
RI/FS, MNA 

West Plume 6 
Project Area (part of I TlAAl - Tiiosnn Regional 75  to 90 I Yes, city and 

private wells . .. - . , . - -- - . . 
DO0 

Davis-Monthan Af% IRP, SVE & GW &asin-fill: 
- JUCSM~ monitoring Regional 350 PHC & BTM in soils No 

1Abbreviations: ERA = early response action; FS = feasibility study; GW = groundwater; IRP = installation 
restoration program; MNA = monitored natural attenuation; MMRP = military munitions response program; 
NPL = national priorities list or Superfund; RA = remedial actions; RI = remedial investigation; RPs = 
responsible parties; SA = Superfund alternative approach; SVE = soil vapor extraction; V = voluntary 
investigation by responsible party; WQARF = water quality assurance revolving fund. 

2 Chemical/compound abbreviations: TCE = Trichlorethylene; PCE = Tetrachloroethylene; TCA = 1,Ll- 
Trichloroethane; DCA = 1,l-Dichloroethane; 1,2-DCA = 1,2-Dichloroethane; BTEX = Benzene, Toluene, 
Ethylbenzene, & Xylene; DCE = Dichloroethene; 1,l-DCE = 1,l-Dichloroethene; cis-l,2-DCE = cis-1,2- 
Dichloroethylene; 1,2-DCP = 1,2-Dichloropropane; PHC = petroleum hydrocarbons; Freon11 = 
Fluorotrichloromethane; Freon12 = Dichlorodifluoromethane; Freon113 = 1,1,2-Trichloro-1,2,2- 
trifluoroethane; VOCs = volatile organic compounds; 

Major Cations and Anions (Dissolved Mineral Content) 
Ambient groundwater quality can vary widely within and between aquifers. TDS content, 
which can be used to gage overall potability, generally falls within the range of suitability 
for human consumption, although higher concentrations are relatively common. Some 
areas in the state, particularly in some alluvial basins and along the Gila River, exhibit 
much higher TDS concentrations, rendering the groundwater unsuitable for drinking and 
other uses. Mining activities have been responsible for high levels of dissolved cations 
and anions (the individual constituents composing the dissolved mineral content) in 
groundwater in certain areas. Sulfate, TDS and hardness are commonly elevated 
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downgradient from historic mining operations and tailings ponds. Excessive amounts of 
sulfate and TDS in groundwater may also result from discharge of treated wastewater 
effluent and deep percolation of salts leached by irrigated agriculture. Fluoride, which 
occurs naturally in groundwater, is found in moderate to high levels in some basin-fill 
aquifers, particularly in those which are confined aquifers. 

Metals 
Heavy metals occur naturally in groundwater, and elevated levels are often associated 
with mineralized areas. For example, hexavalent chromium is found in groundwater at 
elevated levels in Paradise Valley (Robertson, 1975). Arsenic also occurs naturally in 
some areas at  elevated levels. Currently, the federal and state maximum contaminant 
level for arsenic in drinking water is 0.01 milligrams per liter. Arsenic occurs in 
groundwater above this level at several localities in Arizona, which prevents its use in 
public drinking water systems unless treated. Much groundwater in Arizona contains 
naturally-occurring arsenic above this level. As a result, many public water systems in 
Arizona must implement treatment, blending or alternative supply measures to meet the 
new standard. Metals may also reach groundwater from anthropogenic sources. 
Chromium has been found in groundwater in several locations in the Phoenix and 
Tucson metropolitan areas due to industrial discharges from electronics, aviation and 
plating firms. Metals such as manganese, copper, iron, chromium and others have been 
found in groundwater downgradient from mining operations and tailings ponds, 
particularly where acid drainage has developed. Groundwater downgradient from 
landfills commonly contains elevated concentrations of iron, manganese and barium, 
and lower pH. 

Pes ticides 
Prior to 1980, only two pesticides had been detected repeatedly in groundwater - 
dibromochloropropane (DBCP) and ethylene dibromide (EDB). These pesticides were 
found in groundwater in the Yuma area and in the Salt River Valley. DBCP and EDB were 
applied from the 1950s through the 1970s to soils in citrus and cotton fields as 
fumigants for the control of nematodes (Daniel, et al., 1988). These pesticides were 
banned more than a decade ago because of their potential carcinogenicity. More 
recently, the agricultural pesticide chemicals 2,4-D Acid, 2,4-D, atrazine, azoxystrobin, 
bromacil, carbaryl, dicamba, dimethomorph, diuron, endosulfan, flutolanil, imazamox, 
imazethapyr, imidacloprid, linuron, methomyl, methoxyfenozide, metribuzin, oxamyl, 
prometon, and prometryn have been detected in shallow monitoring wells located in 
areas of intensive irrigated farming within Maricopa and Yuma counties (Olade, per 
com). The detections are localized and transitory, not found in production wells, and do 
not represent a regional contamination problem. All detections are below MCLs and 
hea I t h-based guidance I eve Is. 

Petroleum Hydrocarbons 
Many underground storage tanks (USTs), primarily those containing petroleum fuels, 
have leaked and are a significant source of groundwater contamination in Arizona. 
Leaking USTs (LUSTS) are located throughout the state, but are concentrated in urban 
areas. Many reported LUST sites are associated with service stations. Other locations 
included utility, transportation and shipping companies; municipal facilities; pipelines; 
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and mining, food, lodging, high technology and paint companies. Benzene, toluene, 
ethylbenzene and xylene (BTEX), which are aromatic hydrocarbon components of 
petroleum fuels, are the most commonly detected LUST-related chemicals in 
groundwater. At some LUST sites, total petroleum hydrocarbons (TPH), methyl tertiary- 
butyl ether (MTBE) and 1,2-dichloroethylene (1,2-DCE) have been detected. As of June 
30, 2009, there were 987 LUSTS at 451 UST facilities in the state. About 345 of those 
sites have releases to both groundwater and soil, and 106 have impacted soil only. 
Since UST program inception in 1990, the department has closed 7,505 releases of a 
total 8,512 reported (88%) and has reimbursed $306,130,995 to UST owners, 
operators, and volunteers for eligible cleanup costs. 

Radionuclides 
Radioactive elements such as uranium, radon (radon-222) and radium occur naturally in 
the soil and water at locations throughout Arizona, sometimes in concentrations elevated 
enough to be of concern. Radionuclide concentrations such as gross alpha usually occur 
in areas located in or near granite rock or alluvial areas composed of eroded granite 
(Lowry, 1988). Mining activity also increases gross alpha concentrations because of the 
increased rock surface exposure. Gross alpha exceedances occurred where other 
radionuclide exceedances occurred, making this constituent an important harbinger of 
elevated radionuclides concentrations in general. 
Even though radon is not monitored as uranium and radium are for public water 
systems, it is considered by EPA to be a potential health threat through inhalation 
primarily. Studies by ADEQ, the Arizona Geological Survey, U.S. Geological Survey, and 
Arizona State University found that radon concentrations greater than 300 Pic0 curies 
per liter (pCi/L) are normal for groundwater in several areas across the state (Barnett, 
McKlveen and Hood, 1990; Duncan and Spencer, 1991; Wirt, Gray and Van Metre, 
1989). Groundwater sampling by various agencies prior to 1992 have revealed 
generally high levels (> 300 pCi/L) of radon in wells in Phoenix, Cave Creek/Carefree, 
McMullen Valley, South Tucson, and the Puerco River Basin. Based on known uranium 
rich deposits, generally corresponding to higher radon levels, in Prescott (Dells area), 
Payson, Yuma, Kingman, Bagdad, Camp Verde, Kirkland, Tombstone, Sierra Vista, and 
St. Johns may have potential significant radon levels although there is a lack of testing 
in these and many areas statewide. Contamination of groundwater has resulted from 
uranium mining activities (waste dumps and mine tailings) and mine dewatering. These 
uranium mining activities mainly occurred in the Plateau Uplands Province. 

Bacteria 
Septic tank effluent often has been linked to groundwater contamination by bacteria. 
The 2000 census estimated that approximately 377,000 septic tank systems are 
operating in Arizona, serving about 17.4 percent of the population. Contamination of 
groundwater by microorganisms may result when the tanks are installed in areas with 
inadequate soils or shallow depth to groundwater. Bad well construction and well seals 
also can lead to the entry of microorganisms into a well so as to contaminate the 
drinking water. Generally, however, most microorganisms will be removed from the 
septic tank effluent after passing through a few feet of soil and do not survive long in 
a q u if e rs. 
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Water Quality Summaries for Selected Aquifers 

The Arizona Department of Environmental Quality (ADEQ) Ambient Groundwater 
Monitoring program was started in 1991 and charged with characterizing regional 
groundwater conditions in the state. Since then, the program has sampled 31  of the 51 
groundwater basins in Arizona. These reports are available in both a comprehensive 
Open File Report (OFR) as well as a compact four-page fact sheet (FS) and are available 
online at httD://www.azdeq.~ov/environ/water/assessment/ambient.html . A summary 
of each report follows. 

Agua Fria Basin - In 2004-2006, the ADEQ conducted a baseline groundwater quality 
study of the Agua Fria basin (AGF) located between Phoenix and Prescott in central 
Arizona. This groundwater basin encompasses the drainage of the Agua Fria River from 
below the Prescott Active Management Area to Lake Pleasant and includes the 
Bradshaw Mountains to the west and Bloody Basin to the east. This lightly populated 
basin consists primarily of federal lands (U.S. Forest Service and Bureau of Land 
Management), State Trust and private land (Littin, 1986). Minimal water developments 
have occurred except around the communities of Mayer in the Bradshaw Mountains and 
Cordes Junction and Black Canyon City along Interstate 17. 

To characterize regional groundwater quality, samples were collected from 46 sites 
located throughout the basin. Most sample sites consisted of shallow wells used for 
domestic uses and wells and springs used for stock watering. All sites were sampled for 
inorganic constituents and, at selected sites, for oxygen and deuterium isotopes (44 
sites), radon (40 sites), and radiochemistry (33 sites). Nine isotope samples were also 
collected from surface water sources. 

Analytical results indicate that of the 46 sites sampled, 1 4  sites (30 percent) had 
concentrations of at least one constituent that exceeded a health-based, primary federal 
or State water-quality standard (MCLs). These enforceable standards define the 
maximum concentrations of constituents allowed in water supplied for drinking water 
purposes by a public water system and are based on a lifetime daily consumption of two 
liters per person (EPA, 1993; WQA, 2006). Health-based MCL exceedances included 
arsenic (12 sites), fluoride (5 sites), gross alpha ( 1  site), and nitrate ( 1  site). Elevated 
concentrations of arsenic, fluoride and gross alpha appear to be the result of natural 
sources; the nitrate exceedance appears to be impacted by septic systems (Madison and 
Brunett, 1984). At  31  sites (67 percent), concentrations of at least one constituent 
exceeded an aesthetics-based, secondary federal water-quality guideline (SMCLs). These 
are unenforceable guidelines that define the maximum concentration of a constituent 
that can be present in drinking water without an unpleasant taste, color, odor, or other 
effect (EPA, 1993; WQA, 2006). Aesthetics-based SMCL exceedances included chloride 
(4 sites), fluoride (7 sites), iron (2 sites), manganese (9 sites), pH-field ( 1  site), sulfate (3 
sites), and total dissolved solids or TDS (26 sites). 

Groundwater quality in the AGF is remarkably homogeneous in many aspects. The 
majority of sample sites are of calcium-bicarbonate or mixed-bicarbonate chemistry, 
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have concentrations of TDS that typically vary between 450 to 625 milligrams per Liter 
(mg/L) range, have hard-to-very hard water, have low concentrations of nutrients 
including nitrate, and have few occurrences of trace elements other than fluoride and 
arsenic. 

The exception to the uniformity of the basin’s groundwater quality involves a limited 
subgroup of sample sites that have sodium as their major cation and are almost devoid 
of calcium and magnesium. The sodium chemistry sites tended to occur, interspersed 
with calcium or mixed chemistry sites, in the southern portion of the basin along the 
flanks of the Bradshaw Mountains stretching to the floodplain of the Agua Fria River. 
Besides very different water chemistry, the sodium chemistry sites tend to have 
significantly higher TDS, chloride, sulfate, fluoride and arsenic concentrations than the 
calcium or mixed chemistry sites (Kruskal-Wallis test, p 50.05). The arsenic and fluoride 
concentrations at these sodium chemistry sites are frequently above MCLs often by 
several orders of magnitude. A sample from a well near Black Canyon City had an 
arsenic concentration of 2.25 mg/L (or 225 vg/L), one of the highest arsenic 
concentrations ever found in groundwater in Arizona. 

Water chemistry differences appear to be influenced by a 100-to-200 feet thick confining 
layer of clay and silica-rich caliche that separates the unconsolidated deposits of the 
Agua Fria River in the Black Canyon City area from the underlying, water-bearing schist 
that is also present in places north of Lake Pleasant (Littin, 1981). Water produced from 
the schist contains elevated concentrations of TDS, fluoride and arsenic while water 
produced from shallower wells that only penetrate the overlying gravel, sand and silt 
have significantly lower concentrations of these constituents (Littin, 1981). 

The elevated fluoride samples all occur at sites with sodium as the dominant cation. The 
main control on fluoride concentrations are calcium concentrations through precipitation 
or dissolution of the mineral fluorite. If a source of fluoride ions is available for 
dissolution, large concentrations of dissolved fluoride may occur if the groundwater is 
depleted in calcium (Robertson, 1991). The elevated arsenic samples, all located in the 
Bradshaw Mountains, are less predictable in occurrence. Although sites with sodium as 
the dominant cation had the highest concentrations, MCLs were also exceeded at sites 
at which the dominant cation was calcium or mixed. The cause of the elevated arsenic 
concentrations is uncertain, although in Arizona such conditions are often associated 
with clay-rich sediments, volcanic rocks, geothermal environments and/or areas with 
gold deposits (Spencer, 2002). 

Big Sandy Basin - The Big Sandy groundwater basin (BE) covers approximately 1,900 
square miles of rugged terrain in northwestern Arizona stretching from north of Route 66 
to south of the town of Wikieup along Highway 93 (Cady, 1981). Located in Mohave and 
Yavapai Counties, most lands are federally managed by the Bureau of Land 
Management with the remainder consisting chiefly of State trust and private lands. 
Rangeland is the predominant land use with private land increasingly subdivided for 
dispersed housing. Knight Creek and Trout Creek drain the northern part of the BIS and 
converge 15 miles north of Wikieup to form the Big Sandy River. This waterway flows 
southward exiting the basin and eventually debouching into the Santa Maria River just 
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upstream of Alamo Lake. Groundwater is the source of the vast majority of water uses in 
the BIS and occurs in at least five hydrologic settings: floodplain alluvium, unconfined 
basin-fill, confined basin-fill, sedimentary rock in the east-northeast portion of the basin, 
and the consolidated bedrock of the Hualapai, Peacock, Aquarius, and Mohon 
Mountains (ADWR, 1994; Cady, 1981). 

To support an ADEQ Total Maximum Daily Load study examining elevated mercury 
concentrations in fish tissue, sediment and water from Alamo Lake, in 2003-2004, the 
department conducted a baseline groundwater quality study of the BIS (Fitch, 2006). 
Samples were collected for inorganic constituents (57 sites), isotopes of oxygen and 
hydrogen (57 sites), radon (37 sites), radiochemistry (30 sites), and ultra-clean mercury 
(21  sites) analyses. Samples were collected mainly from relatively shallow domestic or 
stock wells and springs. ADEQ was denied permission to sample deep wells owned either 
by the Phelps Dodge Corporation or Caithness Energy. Ninety-five (95) percent of 
groundwater pumped in the BIS is transported by Phelps Dodge to the Bill Williams basin 
for use at the company’s Bagdad copper mine (ADWR, 1994). Caithness Energy wells 
were drilled for use at  their proposed Big Sandy power plant which was denied a permit 
in 2 0 0 1  by the Arizona Corporation Commission (ACC, 2006). 

Although 42 percent of the sites sampled contained one or more constituents that 
exceeded a health-based MCL, most of these sites were located in the south-central 
portion of the basin; other areas-particularly in the northeast-had relatively few 
exceedances. Of the 5 7  sites sampled, 24 sites had concentrations of at least one 
constituent that exceeded an MCL. Health-based MCL exceedances included arsenic 
( 1 1  sites), fluoride (11 sites), gross alpha (9 sites), lead (1 site), radium (1 site), and 
uranium (2 sites). At 29 sites, concentrations of at least one constituent exceeded an 
aesthetics-based SMCL. Aesthetics-based SMCL exceedances included chloride (4 
sites), fluoride (20 sites), iron (3 sites), manganese (4 sites), pH-field (2 sites), sulfate (2 
sites), and total dissolved solids or TDS (22 sites). 

Analytical results indicated that groundwater in the BIS is generally slightly alkaline, 
fresh, and moderately hard to very hard based on pH, TDS and hardness analyses. Most 
groundwater sample sites were either of mixed-bicarbonate or calcium-bicarbonate 
water chemistry. Nitrate concentrations were generally low with no samples exceeding 
health-based standards. Among trace elements, only arsenic, boron, copper, fluoride, 
and zinc were detected at more than 20 percent of sample sites. Mercury was not 
detected in any sample submitted to the Arizona State Health Department Laboratory 
which has a Minimum Report Level of 0.0005 mg/L. 

Patterns were found among groundwater sub-basins, aquifers, and recharge sources 
(ANOVA with Tukey test using log-transformed data, p I 0.05). Temperature, TDS, 
sodium, chloride, sulfate, fluoride, boron, iron and gross beta were higher in the down- 
gradient Big Sandy sub-basin than in the up-gradient Trout Creek sub-basin. 
Temperature, TDS, sodium, chloride, sulfate, fluoride, boron, and radon were higher in 
basin-fill or artesian aquifers than in sedimentary rock. Temperature, pH-lab, sodium, 
sulfate, and fluoride are higher at depleted recharge sites than at enriched recharge 
sites; the opposite pattern occurs with calcium, magnesium, hardness, and nitrate. 
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These patterns suggest that groundwater in the basin generally follows a flow path 
evolving from calcium-bicarbonate chemistry, indicative of recently recharged 
groundwater, in sedimentary rock in the Trout Creek sub-basin to a more saline, mixed- 
bicarbonate chemistry with higher concentrations of constituents such as sodium, 
chloride, sulfate, fluoride and boron that are indicative of groundwater with a longer 
residence time (Robertson, 1991). 

Detrital Valley Basin - The Detrital Valley groundwater basin (DET), located between 
Kingman and Hoover Dam in northwestern Arizona, is a north-south trending, semiarid 
basin traversed by U.S. Highway 93. Lightly populated with retirement and recreation- 
oriented communities, the construction of a Hoover Dam bypass route for U.S. Highway 
93 will likely bring many new residents who commute to Las Vegas. The DET is drained 
by the ephemeral Detrital Wash which debouches into Lake Mead at Bonelli Bay. The 
DET, with groundwater depth up to 800 feet below land surface near the center of the 
valley, is reminiscent of basins in Nevada. Groundwater from the alluvial aquifer is the 
principle water source. Where sufficiently fractured and faulted, mountain hard rock 
provides limited supplies at shallower depths to groundwater. Near Lake Mead, a Lake 
Mead aquifer recharged by Colorado River water is the main supply. 

In 2002, a baseline groundwater quality study of the DET was conducted by the Arizona 
Department of Environmental Quality. The purpose of this study was to create a 
comprehensive groundwater quality baseline assessment. For this study, 28 
groundwater sites were sampled for inorganic constituents as well as isotopes of 
hydrogen and oxygen, samples were also collected at selected sites for radon gas (9 
sites) and radiochemistry (9 sites) analyses. In addition, surface water isotope samples 
were collected from Lake Mead and Detrital Wash. One weakness of the groundwater 
study was the few sites available for sampling in the northern third of the basin. 

Of the 2 8  sites sampled, 13 (46 percent) met all drinking water quality standards. Nine 
sites (32 percent) had concentrations of at least one constituent that exceeded an MCL. 
Constituents that exceeded MCLs included arsenic (0 sites under current standards, 3 
sites under standards effective in 2006), gross alpha (3 sites), and nitrate (3 sites). Ten 
sites (36 percent) had concentrations of at least one constituent that exceeded an 
aesthetics-based SMCL. Constituents that exceeded SMCLs included chloride (1 site), 
fluoride (2 sites), iron (2 sites), manganese (3 sites), sulfate (7 sites), and total dissolved 
solids or TDS (11 sites). 

Groundwater in the DET generally meets drinking water standards and is suitable for 
domestic, municipal, irrigation, and stock purposes. Groundwater in the DET is generally 
fresh, slightly alkaline, and moderately to very hard based on TDS, pH, and hardness 
concentrations (Heath, 1989). Groundwater is most commonly a mixed-mixed chemistry 
though it varies widely in the basin. Boron, chromium, fluoride, and zinc were the only 
trace elements detected at more than 25 percent of sites. 

Groundwater quality constituent concentrations varied significantly among aquifers 
within the DET. Bicarbonate, calcium, and hardness were higher in hard rock than in the 
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alluvial aquifer. In contrast, temperature, nitrate, and chromium were higher in the 
alluvial aquifer than in hard rock. The Lake Mead aquifer had higher levels of oxygen 
and hydrogen isotopes, sodium, sulfate, and boron (ANOVA test in conjunction with 
Tukey test, p I 0.05). Many groundwater quality constituent concentrations varied 
significantly with groundwater depth. Most constituents, including TDS, bicarbonate, 
calcium, magnesium, hardness, chloride, and sulfate decreased with groundwater depth. 
In contrast, temperature, pH-field, nitrate, and chromium increased with groundwater 
depth (regression, p 50.05). 

Hydrogen and oxygen isotope data form a Local Meteoric Water Line with a slope of 5.15 
that is within the range normally found in arid environments (Coplen, et al., 1999). The 
most depleted, or isotopically lightest sites are near (and include) Lake Mead and 
consist of recent recharge from the Colorado River. A tight cluster of 16 depleted sites, 
consisting mainly of deep alluvial wells, may represent the oldest water in the basin that 
was recharged during a more humid time period than the present. Stretching from this 
cluster to the most enriched site (runoff in Detrital Wash) is an evaporation trajectory of 
10 shallow wells that produce water that may include recharge from recent precipitation. 

Douglas Basin - ADEQ completed a baseline groundwater quality study of the Douglas 
Groundwater Basin (DGB) in 1995-96. A total of 5 1  groundwater samples were collected 
for the study, whose design included 29 grid-based, stratified random samples and 2 1  
targeted samples. All groundwater samples were analyzed for Safe Drinking Water 
(SDW) inorganic constituents, 1 2  samples were analyzed for SDW Volatile Organic 
Compounds (VOCs), 7 samples were analyzed for Groundwater Protection List (GWPL) 
pesticides, and 6 samples were analyzed for radionuclides. Laboratory results revealed 
no detections of any GWPL pesticides while the only SDW VOC detected was chloroform 
in 1 sample. Radionuclide samples did not exceed MCLs for any parameter. With 
inorganic parameters, levels of arsenic, beryllium, and nitrate each exceeded their 
respective health-based Primary MCLs in 1 sample apiece. Aesthetics-based SMCLs 
were exceeded in 16 samples: 8 times by fluoride and total dissolved solids (TDS), twice 
by pH and sulfate, and once by chloride, iron, and manganese. These results suggest 
that regional groundwater quality conditions generally support drinking water uses, but 
because of aesthetic factors, some residents may prefer to use treated water for 
domestic purposes. 

Piper trilinear diagrams reveal that of the two major aquifers in the DGB, bedrock aquifer 
samples tend to exhibit a calcium-bicarbonate chemistry; alluvial aquifer samples also 
typically exhibit a calcium-bicarbonate chemistry though sodium-bicarbonate, sodium- 
sulfate, and calcium-sulfate varieties are also present in this aquifer. Statistical analyses 
found that many significant differences exist in inorganic groundwater quality parameter 
levels between aquifers while fewer differences existed between groundwater 
management areas, and between various divisions (East-West, North-South) of the DGB. 
A strong positive correlation existed between the levels of most major ions and nitrate; in 
contrast, fluoride and pH tend to be negatively correlated with other groundwater quality 
parameters while trace elements have few significant correlations. Many parameter 
levels also significantly increased or decreased with increasing groundwater depth below 
land surface in the DGB. 
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Comparing parameter levels from targeted samples with 95% confidence intervals 
established for the DGB indicated several potential impacts. Nitrate (as N) appears to be 
elevated in the Elfrida area perhaps from agricultural practices and/or septic systems. 
Near the City of Douglas, high sodium and pH levels in combination with low calcium and 
magnesium levels appear to indicate groundwater is being subjected to natural softening 
by cation exchange. Elevated sulfate levels in the Mule Gulch area might be the result of 
mine tailings in the area. Finally, a geothermal anomaly appears to exist east of the 
Bisbee-Douglas Airport resulting in TDS levels reaching 14,000 mg/L and elevated levels 
of temperature, arsenic, and other parameters. 

A time-trend analysis was conducted using groundwater quality data collected by ADWR 
from 7 wells in 1987. The results indicated while many of the 1 2  parameters appeared 
to have higher levels in 1995-96 than 1987, only nitrate and potassium were 
significantly higher. 

Hualapai Valley Basin - The Hualapai Valley groundwater basin (HUA) trends north- 
northwest and is roughly 60 miles long and varying from 15 to 25 miles wide in 
northwestern Arizona. The basin covers 1,820 square miles in Mohave County stretching 
from Hualapai Peak just south of the City of Kingman to Lake Mead to the north (Remick, 
1981). The basin is composed of lands federally managed by the Bureau of Land 
Management, the National Park Service (as part of the Lake Mead National Recreation 
Area), private, State Trust and Hualapai Indian Nation lands. Land use is mainly 
rangeland and recreation, with private lands near Kingman, increasingly developed for 
residential housing. 

There are no perennial streams in the HUA basin (ADWR, 1994). The southern portion of 
the basin is drained by an ephemeral watercourse, Truxton Wash, which flows north and 
debouches after heavy precipitation into the normally dry Red Lake Playa. The other 
major ephemeral watercourse, Hualapai Wash, runs north of Red Lake Playa after heavy 
precipitation and debouches into Lake Mead (ADWR, 1994). Although the Colorado 
River, impounded in Lake Mead, forms the northern boundary of the basin, it is not a 
significant water supply within the HUA basin (Anning, Flynn and Truini, 2006). 

Groundwater is the major source of water in the HUA (Remick, 1981). It occurs in both 
the extensive older alluvium deposits found in Hualapai Valley and, to a lesser degree, 
the fractured rock and thin alluvium deposits of the Hualapai, Peacock, Music, and 
Cerbat Mountains (Gillespie and Bentley, 1971). Historically, low-yield wells and springs 
located in or near mountain areas provided the main source of water for the minimal 
needs of the local economy that was based on ranching. Now, deep, high-yield alluvial 
wells, often exceeding 1,000 feet in depth, are the main supply source for major water 
users in the basin including the City of Kingman and outlying housing developments 
(Cella Barr Associates, 1990). 

In 2000, ADEQ conducted a baseline groundwater quality study of the HUA, sampling 26 
sites for inorganic constituents. Also collected at selected sites were volatile organic 
compounds (VOCs)(21 samples), radiochemistry (16 samples) and radon (8 samples). 
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Groundwater sites consisted of 20 relatively shallow, domestic or stock wells and/or 
springs in bedrock mountain areas and 6 deep wells in the valley alluvium. 

Of the 26 sites sampled, 9 sites (35 percent) had concentrations of at  least one 
constituent that exceeded a health-based MCL. MCL exceedances included arsenic (3 
sites), fluoride (2 sites), gross alpha (3 sites), nitrate (3 sites), radium 226/228 ( 1  site), 
and uranium (2 sites). At 1 7  sites (65 percent), concentrations of at least one 
constituent exceeded an aesthetics-based SMCL. SMCL exceedances included chloride 
(2 sites), fluoride ( 1 1  sites), iron (2 sites), manganese (3 sites), pH-field (2 sites), sulfate 
(2 sites), and total dissolved solids or TDS (11 sites). There was one VOC detection of 
toluene (at 4.7 g / L )  in one of the 2 1  VOC samples collected. 

Analytical results indicate that groundwater in the HUA is generally slightly alkaline, 
fresh, and hard to very hard based on pH values and TDS and hardness concentrations. 
The chemistry of groundwater samples varied widely with mixed-mixed and mixed- 
bicarbonate the most common compositions. Among trace elements, only boron, 
fluoride, selenium and zinc were detected at more than 20 percent of sample sites. 
Nitrate (as N) concentrations were sometimes elevated, with 11 sites (42 percent) 
having concentrations that may be from human activities (Madison and Brunett, 1984). 

Statistically-significant patterns in water-quality data were found among groundwater 
sources (ANOVA, p 5 0.05). Temperature (field-measured), pH (field-measured), and 
fluoride were significantly higher at sites in the alluvium than at sites in hard rock. In 
contrast, calcium, magnesium and hardness were significantly higher at sites in hard 
rock than in alluvium. TDS (p = 0.11) and bicarbonate (p = 0.08) were also higher at 
sites in hard rock than in alluvium but failed to meet the statistical confidence level 
(ANOVA, p 50.05). The limited sampling conducted in wells tapping the older alluvium- 
the aquifer that holds the majority of water reserves in the HUA-revealed generally 
acceptable groundwater quality with fluoride generally the only constituent of concern. 
Fluoride exceeded the MCL in one well and SMCL in four other wells; otherwise pH-field 
and TDS were the only aesthetic standards exceeded in one well apiece. The elevated 
fluoride concentrations are believed to occur naturally and are controlled by pH values 
that also increase downgradient through silicate hydrolysis reactions (Robertson, 1991). 

Lake Mohave Basin - Containing approximately 1,050 square miles, the Lake Mohave 
groundwater basin (MHV) stretches along the Colorado River from Hoover Dam south to 
the community of Topock in northwestern Arizona (ADWR, 1994). A granite outcrop 
where Davis Dam on the Colorado River is located divides the MHV into North and South 
basins. The North basin consists largely of rugged, undeveloped lands that are part of 
the Lake Mead National Recreation area. The South basin consists of uplands managed 
by the Bureau of Land Management and Mohave Valley which is a combination of 
private, State Trust, and Fort Mohave Indian Reservation lands. The South basin is a 
populated, highly developed area. Physically, the MHV is characterized by three distinct 
geologic features: Colorado River floodplain deposits, piedmont alluvial deposits, and 
consolidated bedrock of the Black Mountains (Darr, 1990). 
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In 2003, ADEQ conducted a baseline groundwater quality study of the MHV, a basin that 
was the focus of four previous department groundwater studies since the late 1980s 
that sampled over 150 wells to investigate links between septic systems and nitrate 
(Darr, 1990; Tuve and Giannelli, 1995; Tuve, 1999). For the 2003 study, 43 
groundwater sites were sampled for inorganic constituents and isotopes of oxygen and 
hydrogen. Samples were also collected at selected sites for radon (31 sites), perchlorate 
(18 sites), and radiochemistry (15 sites) analyses. 

Of the 43 sites sampled, 15 sites had concentrations of at least one constituent that 
exceeded MCLs. Health-based MCL exceedances included arsenic (2 sites under the 
current standard, 14 sites under the standard effective in 2006), fluoride (1 site) and 
nitrate (3 sites). At 3 1  sites, concentrations of at least one constituent exceeded an 
aesthetics-based SMCL. Aesthetics-based SMCL exceedances included chloride (19 
sites), fluoride (8 sites), iron (7 sites), manganese (13 sites), sulfate (24 sites), and total 
dissolved solids or TDS (30 sites). Perchlorate was not detected at any site. 

Because of few sources, sampling in the North basin was limited to 10 sites, including 
four thermal springs along the Colorado River. Hydrogen and oxygen isotope values 
revealed four sites recharged by local precipitation; other sites by an indeterminate 
recharge source (Guay et al., 2004). Sites other than thermal springs generally met 
health based standards. 

Groundwater sites in the South basin appeared to consist of 9 sites recharged by pre- 
dam Colorado River water, 10 sites recharged by post-dam Colorado River water, 12 
sites recharged by local precipitation, and 2 sites whose source is the marine-related 
Bouse Formation (Guay et al., 2004; Robertson, 1991). Their water chemistry varies: 
Colorado River recharge is higher in chloride and sulfate, local recharge contains more 
bicarbonate, and the Bouse Formation is sodium-chloride. 

Patterns were found among recharge sources (ANOVA with Tukey test, p 50.05). Total 
dissolved solids (TDS), sodium, chloride, and sulfate were higher at sites recharged by 
pre/post damColorado River water or tapping the Bouse Formation than at sites 
recharged by local precipitation. Similarly, calcium, magnesium, and hardness were 
higher at sites recharged by pre/post-dam Colorado River water than at sites recharged 
by local precipitation. Arsenic, boron and fluoride were higher at sites tapping the Bouse 
Formation than at sites recharged by pre/post dam-Colorado River water or local 
precipitation. Temperature, pH, nitrate, and chromium were higher at  sites recharged by 
local precipitation than from pre/post dam Colorado River water. Finally, total Kjeldahl 
nitrogen, ammonia, total phosphorus, iron, and manganese were higher at sites 
recharged by post-dam Colorado River water than at  sites recharged by local 
precipitation, which may indicate that reducing conditions driven by the oxygen demand 
presented by decomposing soil organic carbon occur along the Colorado River in Mohave 
Valley (Robertson, 1991). 

In the South basin, groundwater recharged by local precipitation is the preferred 
domestic source because of its lower salinity and fewer aesthetic water quality standard 
exceedances. However, sites sometimes exceeded health-based water quality standards 
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for arsenic, which are probably naturally occurring because of long groundwater 
residence time (Robertson, 1991). Groundwater recharged by the Colorado River had 
fewer health-based water quality standards but was higher in salinity with numerous 
aesthetics standard exceedances including TDS, sulfate, and chloride. These 
concentration increases from fresher river water are probably the result of the 
dissolution of halite and gypsum (Robertson, 1991). Sites tapping the Bouse Formation 
were saline and had both health and aesthetics-based standard exceedances. 

Lower San Pedro Basin - The Lower San Pedro groundwater basin (LSP) baseline 
groundwater quality study was conducted by ADEQ in 2000. Located in southeastern 
Arizona, this semiarid basin is drained by the San Pedro and Gila Rivers. The LSP is a 
rural landscape with scattered towns and two extensive copper mining and processing 
operations. Groundwater from three aquifers (floodplain, unconfined basin-fill, and 
confined basin-fill or artesian) and fractured mountain hard rock is the principle source 
of water supply. For this study, 63 groundwater sites were sampled for inorganic 
constituents. In addition, fewer sites were also sampled for Volatile Organic Compounds 
(25), radiochemistry (19), radon (19), and pesticide (2) analyses. 

Eighteen (18) percent of sample sites had concentrations of at least one constituent that 
exceeded a health-based MCL. Constituents that exceeded MCLs included antimony (2 
sites), arsenic ( 1  site under current standards, 12 sites under standards effective in 
2006), fluoride (8 sites), nitrate ( 1  site), and gross alpha (2 sites). In addition, 49 
percent of sample sites had concentrations of at least one constituent that exceeded an 
aesthetics-based SMCL. Constituents that exceeded SMCLs included chloride (2 sites), 
fluoride (16 sites), iron (4 sites), manganese (9 sites), pH (4 sites), sulfate ( 1 1  sites), and 
total dissolved solids (24 sites). At one site, Volatile Organic Compounds that are 
common by-products of chlorination were detected. No pesticides or pesticide 
degradation by-products were detected. 

Artesian conditions can exist when confined basin-fill aquifers, which are generally found 
along the central portion of the basin’s axis, are intercepted (Jones, 1980). Artesian 
water in the LSP is suitable for domestic and irrigation purposes at its southern boundary 
near Redington. Farther north, however the water quality deteriorates. Gypsum deposit 
dissolution and the associated cation exchange in the Mammoth-Dudleyville corridor 
create groundwater with elevated sulfate and sodium concentrations. The artesian 
aquifer also has a chemically closed hydrologic system that favors alkaline pH values 
and depleted calcium concentrations, which also contribute to the elevated 
concentrations that can exceed water quality standards. The elevated sodium and other 
salt concentrations also make these confined basin-fill aquifer waters unsuitable for 
irrigation north of Redington. 

The floodplain aquifer is the most productive in the basin and supplies water for most 
irrigation and municipal uses. This aquifer forms a long corridor following the major 
waterways and receives most of its recharge from surface water flows (ADWR, 1994). As 
such, this aquifer is considered to be a chemically open hydrologic system. However, 
leakage from the lower confined basin-fill aquifer upwards into the floodplain aquifer is 
thought to be largely responsible for the variable salinity and fluoride concentrations that 
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are particularly elevated near Mammoth (Page, 1963). The elevated salinity, sodium, 
chloride, and potassium concentrations found in the most downgradient portions of the 
floodplain aquifer appear to be related to the high concentrations of these constituents 
in the Gila River. Elevated sulfate concentrations found along the floodplain aquifer 
between Mammoth and Winkelman may be from leakage from the confined basin-fill 
aquifer and the elevated concentrations carried north by the San Pedro River. The 
source of sulfates for both aquifers appears to be a combination of nearby gypsum 
deposits and mine tailing dumps, though the contribution of each would require an 
intensive targeted study to determine. 

Groundwater collected from the unconfined basin-fill aquifer and from hard rock areas 
was the most dilute and had the fewest water quality standard exceedances. 
Unfortunately, these areas also have a somewhat limited groundwater production 
potential. Differences in water quality between these aquifers and the floodplain aquifer 
appear to be related to a more dilute recharge source (mountain precipitation and 
runoff) as well as minimal leakage from the confined basin-fill aquifer. Potential water 
quality problems appear largely confined to fault zones producing water from great 
depths and granitic rock areas which may have elevated radiochemistry concentrations 
(Heindl, 1952). 

McMullen Valley Basin - In 2008-2009, the Arizona Department of Environmental Quality 
(ADEQ) conducted a baseline groundwater quality study of the McMullen Valley basin 
located in west-central Arizona. The basin consists of the drainage of the ephemeral 
Centennial Wash within McMullen Valley and the surrounding mountains.6 Groundwater 
is predominantly used for irrigation near the communities of Aguila, Wenden and 
Sa10me.~ The City of Phoenix has purchased farms near Salome to obtain the water 
rights for potential transfer to Maricopa County for municipal use.7 

The main source of groundwater in the basin is the Regional aquifer. 24 Heavy pumping 
near Aguila and Salome has produced a groundwater divide near the La Paz-Maricopa 
County line creating Eastern and Western Regional aquifers.25 In terms of spatial extent 
and groundwater storage these are the largest aquifers in the basin. 25 Low hills east of 
Aguila that minimize groundwater movement divide the Eastern Regional aquifer from 
the Forepaugh aquifer.43 A subsurface extension of the Harquahala Mountains that 
limits groundwater movement separates the Western Regional aquifer from the 
Southern Regional aquifer located in Harrisburg Valley.25 Another subsurface geologic 
feature separates the Harcuvar aquifer from the Southern and Western Regional 
aquifers lying to the east. 24 Groundwater movement between the Western Regional 
aquifer and the overlaying Perched aquifer is restricted by the Lake-bed Unit, a layer of 
fine-grained sediments. 24 These deposits, however, are absent in an area one mile 
northeast of Salome where groundwater flowing from the Perched aquifer into the 
Western Regional aquifer is termed the Mixed aquifer. 24 

To characterize regional groundwater quality, samples were collected from 124  wells. 
The wells supply water for irrigation, domestic, municipal and stock uses throughout the 
basin. Inorganic constituents and oxygen and deuterium isotopes were collected from all 
wells. At selected wells, radon (79 sites), radiochemistry (50 sites) and pesticide (2 sites) 
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samples were also collected. In addition to the 124 wells, 12 additional wells were 
sampled for field parameters and nitrate. 

Primary maximum contaminant levels (MCLs) for inorganic constituents were exceeded 
at 54 of the 124  sites (44 percent). These enforceable standards define the maximum 
concentrations of constituents allowed in water supplied for drinking water purposes by 
a public water system and are based on a lifetime daily consumption of two liters. 38 

Constituents exceeding Primary MCLs include arsenic (24 sites), fluoride (27 sites), 
nitrate (25 sites), and selenium (2 sites). Primary MCLs for radionuclides were exceeded 
at 9 of the 50 sites (18 percent) including gross alpha (9 sites) and uranium (4 sites). 
Elevated concentrations of arsenic and fluoride likely occur naturally. Elevated nitrate 
concentrations appear to be caused by nitrogen-laden recharge resulting from irrigation 
applications and wastewater from septic systems. Gross alpha and uranium 
exceedances are likely naturally occurring though may be impacted by anthropomorphic 
a c t i v i t i e ~ . ~ ~  Secondary MCLs were exceeded at 8 7  of 124 sites (70 percent). These are 
unenforceable aesthetics guidelines that define the maximum constituent concentration 
that can be present in drinking water without an unpleasant taste, color, or odor.38 
Constituents above Secondary MCLs include chloride (13 sites), fluoride (69 sites), 
manganese (2 sites), pH (19 sites), sulfate (8 sites), and TDS (31 sites). 

The basin’s most important groundwater quality issue is the absence of the Lake-bed 
Unit northeast of Salome. 24 Nearby wells commonly exceed water quality standards and 
guidelines; nitrate concentrations were elevated up to seven times the 10 mg/L health- 
based water quality standard. This is the result of percolating irrigation water containing 
salts and nitrate recharging the Perched aquifer. With a higher static water level than the 
Regional aquifer, groundwater drains downward from the Perched aquifer into the 
Western Regional aquifer. This impacted area is referred to in this report as the Mixed 
aquifer. 24 TDS, sodium, chloride, sulfate, and nitrate were significantly higher in the 
Perched and Mixed aquifers than in all the other aquifers (Kruskal-Wallis with Tukey test, 
p 50.05). 

Both the Eastern and Western Regional aquifers had water quality issues. In the Eastern 
Regional aquifer, southeast of Aguila, some sample sites exceeded standards for 
fluoride and, to a lesser degree, arsenic. Similarly, in the Western Regional aquifer near 
Wenden, sample sites also exceeded standards for fluoride and, to a lesser degree, 
arsenic. The Eastern Regional aquifer exhibited significantly lower concentrations of TDS, 
sodium, and boron than in the Western Regional aquifer; the opposite pattern occurs 
with well depth and groundwater depth. (Kruskal-Wallis with Tukey test, p 50.05)  These 
differences may result from poor quality irrigation recharge minimally impacting the 
Eastern Regional aquifer because of the great depths needed to percolate to 
groundwater. Almost all the sites sampled in the Forepaugh aquifer exceeded water 
quality standards for fluoride and arsenic. Fluoride concentrations commonly were up to 
three times the health-based standard. Few water quality standards were exceeded in 
the Southern Regional and Harcuvar aquifers; both appear to consist of more recent 
recharge . 
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Meadview Basin - The Meadview groundwater basin (MEA), known unofficially as “Where 
Lake Mead Meets the Grand Canyon,” comprises approximately 190 square miles in 
northwestern Arizona (ADWR, 1994). This small basin is sometimes considered a sub- 
basin of the Hualapai groundwater basin (Remick, 1981). Lightly populated, most land 
within the MEA is managed by the Bureau of Land Management or the National Park 
Service as part of the Lake Mead National Recreation area. Most residents live in the 
retirement and recreation-oriented community of Meadview that was founded in the 
early 1960s. Meadview is supplied with water by the Joshua Valley Utility Company 
(ADWR, 1994). 

The basin is drained by Grapevine Wash, an ephemeral waterway that debouches into 
Lake Mead. A short perennial reach in the wash is caused by discharge from Grapevine 
Spring (ADWR, 1994). The Muddy Creek Formation is the main aquifer in the basin and 
can be divided into three units: an upper limestone unit, a middle sandstone/siltstone 
unit, and a basal conglomerate (Laney, 1979). Although each unit is capable of 
producing water, most wells draw from the basal conglomerate because of its high 
hydraulic conductivity (ADWR, 1994). Where sufficiently fractured and faulted, mountain 
bedrock at the margins also provides limited supplies. 

A baseline groundwater quality study of the MEA was conducted by ADEQ from 2000- 
2003. For the study, 8 groundwater sites were sampled for inorganic constituents. 
Samples were also collected at selected sites for isotopes of oxygen and hydrogen (6 
sites), radon gas (2 sites), radiochemistry (2 sites), and volatile organic compounds 
(VOCs) ( 1  site) analyses. 

To characterize this small basin, 8 sites were sampled. Three sites met all drinking 
water quality standards. Concentrations of at least one constituent exceeded a health- 
based MCL at 3 different sites. Health-based MCL exceedances included arsenic (0 
sites under current standards, 1 site under standards effective in 2006), gross alpha (2 
sites) and uranium (1 site). At  4 sites, concentrations of at least one constituent 
exceeded an aesthetics-based SMCL. Aesthetics-based SMCL exceedances included 
fluoride (3 sites) and total dissolved solids (TDS) (2 sites). 

Based on sample results, groundwater chemistry is typically a calcium/mixed- 
bicarbonate/mixed type. Groundwater is considered fresh (TDS less than 1,000 mg/L), 
slightly alkaline (greater than 7 standard units pH), and moderately to very hard (greater 
than 150 mg/L) (Heath, 1989). Nitrate (as N) concentrations frequently exceeded 3 
mg/L, which is often an indication that human activities have impacted groundwater 
quality. However, similar patterns in other nearby basins have shown this is more likely 
the result of natural soil organic matter because of deep groundwater depths and 
nitrogen isotope results (Towne, 2003). Fluoride, boron, chromium, and zinc were trace 
elements detected at more than 33 percent of sample sites. Antimony, arsenic, barium, 
beryllium, cadmium, copper, iron, lead, manganese, mercury, nickel, selenium, silver, 
and thallium were rarely detected. Isotope results (available for six of eight sites) 
matched those from sites in the nearby Detrital Valley basin that were from deep wells 
and/or springs (Towne, 2003). These sites are thought to represent the oldest water in 
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the basin, recharged during a colder climate. This groundwater age corresponds to the 
low precipitation and recharge rates occurring in the Meadview basin (ADWR, 1994). 

Groundwater movement in the basin is from south to north (Remick, 1981). Bicarbonate 
and calcium concentrations were significantly higher in samples influenced by granitic 
geology in the south than in the alluvium/sedimentary rock further north; the opposite 
pattern occurs with chloride and nitrate concentrations (ANOVA test, p I 0.05). This 
illustrates a groundwater flow path with calcium-bicarbonate (often indicative of 
recharge zones) of the highland areas gradually evolving into more of a mixed chemistry 
as it moves downgradient to the north. As frequently occurs, sample sites impacted by 
granite often exceeded health-based water quality standards for gross alpha and 
uranium (Lowry and Lowry, 1988). Aesthetics-based SMCL exceedances for fluoride 
and TDS also occurred. In contrast, sample sites further north in alluvium/sedimentary 
rock usually met drinking water quality standards with the exception of arsenic, fluoride, 
and TDS at one site apiece. The arsenic exceedance of 0.01 mg/L (or 10 pg/L ) 
occurred at Grapevine Spring. This arsenic MCL concentration was effective in 2006 
and also the minimum reporting limit for the state laboratory used in the study (USEPA, 
1993). 

Pinal AMA Basin - In 2005-06, ADEQ conducted a baseline groundwater quality study of 
the Pinal Active Management Area (AMA) located between Phoenix and Tucson in south- 
central Arizona. To characterize regional groundwater quality, samples were collected 
from 86 sites located on non-tribal lands. Roughly two-thirds of the sampled sites were 
irrigation wells using turbine pumps with the remainder mostly domestic wells using 
submersible pumps. All sites were sampled for inorganic constituents and oxygen and 
deuterium isotopes. At  selected sites, samples were also collected for radon (41), 
radiochemistry (21) and organics (semi-volatile compounds, chlorinated pesticides, and 
organo-phosphorus pesticides) (14). Among Pinal AMA’s five sub-basins, the majority of 
groundwater samples were collected in Eloy (50 sites) and Maricopa-Stanfield (27 sites) 
with the remainder in Aguirre Valley (5 sites) and Vekol Valley (4 sites). 

Analytical results indicate that of the 86 sites sampled, 60 sites (70 percent) had 
concentrations of at least one constituent that exceeded a health-based MCL. MCL 
exceedances included arsenic (33 sites), fluoride (7 sites), gross alpha (5 sites), nitrate 
(23 sites), and uranium (2 sites). These results appear to be naturally occurring with the 
exception of nitrate whose concentrations are impacted by fertilizer and both human and 
animal wastewater. At 59 sites (69 percent), concentrations of at least one constituent 
exceeded an aesthetics-based SMCL. SMCL exceedances included chloride (25 sites), 
fluoride (19 sites), iron (2 sites), pH-field (8 sites), sulfate (26 sites), and total dissolved 
solids or TDS (50 sites). There were no detections of organic compounds in the 1 4  
organic samples. Both irrigation wells and drinking water wells had similar frequencies of 
drinking water quality standard exceedances. 

Groundwater in the Pinal AMA basin was found to be generally slightly alkaline, fresh, 
and hard-to-very hard as indicated by pH values and TDS and hardness concentrations. 
Groundwater chemistry varied but tended to be calcium-suIfate/chloride in the upper 
water zone and sodium-bicarbonate in the lower water zone (Hammett, 1992). 

Appendix I- 45 



Statistically-significant patterns were found among groundwater sub-basins, land uses, 
irrigation districts and groundwater zones (Kruskal-Wallis test with Tukey test, p I 0.05). 
Of the water quality patterns found, the most numerous are those involving irrigation 
districts and water zones. 

Analytical results were compared among samples collected in three irrigation and 
drainage districts: the Central Arizona (CAIDD), Maricopa-Stanfield (MSIDD) and San 
Carlos (SCIDD). Groundwater depth, temperature, pH-field and pH-lab were higher in the 
CAIDD and MSIDD than in SCIDD. TDS, SC-field, SC-lab, hardness, calcium, magnesium, 
potassium, chloride, sulfate, TKN and boron were higher in the SCIDD than in CAIDD and 
MSIDD. Seven constituents had unique patterns: sodium, bicarbonate, fluoride, arsenic, 
radon, oxygen and deuterium. 

Analytical results were compared among samples collected in three water zones within 
the Eloy and Maricopa-Stanfield sub-basins: lower main water zone, upper main water 
zone and local water zones. Well depth, groundwater depth, temperature, pH-field and 
pH-lab were higher in the lower main water zone than in upper and local water zones. 
TDS, SC-field, SC-lab, hardness, calcium, magnesium, sodium, chloride, sulfate and 
nitrate were higher in the upper and local water zones than in the lower main water 
zones. Potassium, TKN and boron were higher in the upper main water zone than in the 
lower main water zone. 

Several factors contribute to these patterns, including evaporate deposits, such as 
gypsum, salt and gypsiferous mudstone but their specific impacts are difficult to quantify 
Hammett, 1992). The greatest impact however, appears to be the effect of salts and 
calcite concentrated by evaporation during irrigation and then recharged to the upper 
main or local water zones (Coes et al., 2000; Cordy and Bouwer, 1999). Since water 
from the Gila River is the main source of irrigation for the SCIDD, its importation 
maintains relatively shallow groundwater levels in this irrigation district. Thus, there is 
little lag time before the highly saline recharge from irrigation applications percolates to 
the aquifer and impacts groundwater quality in the SCIDD (Cordy and Bouwer, 1999). In 
contrast, before 1987 the CAIDD and the MSIDD used groundwater as the sole source of 
irrigation water (ADWR, 1998). This has led to declining groundwater depths in these 
districts, but has probably protected the groundwater from the full impacts of saline 
recharge from irrigation applications because of the increased distance necessary for 
this water to percolate to the aquifer. 

Prescott AMA Basin - A regional groundwater quality study of the Prescott Active 
Management Area (AMA) was conducted by ADEQ to determine the suitability of 
groundwater for drinking-water purposes, appraise current (1997-1998) baseline 
conditions, and examine spatial and temporal groundwater-quality patterns. Sampling 
was conducted at 58 sites; 41  randomly selected and 1 7  from the ADEQ index well 
network. Groundwater samples were collected for Safe Drinking Water (SDW) inorganic 
analysis from all sites, for SDW radiochemistry analysis from 10 sites, and for 
Groundwater Protection List (GWPL) pesticide analysis from 2 sites. 
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The results found that 6 of 58 sites had parameters exceeding an MCL. Health-based 
MCL exceedances included arsenic (four sites), fluoride (three sites), barium, gross 
alpha, and nitrate (one site apiece). Aesthetics-based SMCLs were exceeded at 9 of the 
58 sites. SMCL exceedances included TDS (six sites), fluoride (four sites), iron, 
manganese, and sulfate (two sites apiece). There were no detections of the 152 
pesticides or degradation products on the GWPL. Although MCLs or SMCLs were 
exceeded at  11 of 58 sites, they were geographically scattered and do not appear to 
indicate extensive areas of groundwater unsuitable for domestic use. Based on these 
results, regional groundwater quality conditions generally support drinking-water uses. 

Fluoride and arsenic, the most common health-based water quality exceedances, appear 
to be the result of naturally occurring conditions. Elevated levels of these parameters 
tend to occur at sites which are chemically very dissimilar from the prevalent calcium- 
bicarbonate water chemistry (Jenkins and Myers, 1988). These sites are characterized 
by moderately-alkaline groundwater largely depleted of calcium. Fluoride levels in the 
AMA appear to have multiple controls. Previous research suggests that depleted calcium 
levels influence higher fluoride levels (> 5 mg/L) through precipitation of the mineral 
fluorite (Robertson, 1986). Relatively high levels of fluoride (> 7 mg/L) found at two 
sites appear to be related to the corresponding low calcium levels (< 9 mg/L) that 
constitute less than 5 percent of the total cation concentration. At lower fluoride levels, 
hydroxyl ion exchange or sorption-desorption reactions may provide controls (Robertson, 
1986). Levels of fluoride and arsenic are positively correlated (p=O.Ol) in this study as 
well as in previous studies (Robertson, 1986). Arsenic levels may be related to the 
alkaline, oxidizing environment which is created by elevated pH levels enhanced by 
weathering of the alluvium (Hem, 1970). Basin-fill sediments in Arizona are rich in trace 
elements which, under favorable conditions such as elevated pH levels along with a 
change in redox potential, may be mobilized and contribute to elevated levels in 
groundwater (Robertson, 1991). Other mechanisms such as exchange on clays or 
oxyhydroxides have been cited as influencing arsenic levels (Robertson, 2000). 
Previous studies have suggested that silicate hydrolysis is occurring which increases 
levels of parameters such as sodium, pH, arsenic, and chromium (Jenkins and Myers, 
1988). 

Prescott AMA nitrate (as N) levels were generally below natural background levels of 3.0 
mg/L, but elevated levels did occur, even exceeding health-based MCLs at a site near 
the Dewey-Humboldt area. High nitrate levels in this area have been reported by other 
sources and may be influenced by wastewater from older septic systems and/or 
agricultural systems (Corkhill, 2000; Dodder, 1998). Septic and alternative wastewater 
system impacts to groundwater are often best indicated by nitrate and chloride levels, 
parameters which are positively correlated (p=O.Ol) in the study area (Bedient, Rifai and 
Newell, 1994). Nitrate levels should continue to be monitored because of increasing 
population growth and reliance on septic and alternative wastewater-disposal methods 
in the study area. The MCL for gross alpha was exceeded at a site in the Granite Dells, 
an area previously cited as having elevated radiochemistry levels (ADWR, 1988). Some 
SMCL exceedances involving TDS, iron, manganese, and sulfate appear to be due to site- 
specific conditions such as historic mining activity in the Black Hills and Bradshaw 
Mountains. 
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Groundwater quality parameters varied by sub-basin, aquifer, and groundwater depth in 
the study area. The following statistically significant (p I 0.05) groundwater quality 
parameter trends were observed: 

> Bicarbonate, sulfate, total alkalinity, and TDS had higher levels in the Upper Agua 
Fria sub-basin than in the Little Chino sub-basin; the opposite pattern occurs with 
fluoride levels. 

> Bicarbonate, calcium, hardness, magnesium, sodium, total alkalinity, and TDS 
had higher levels in the hard rock aquifer than in the regional aquifer; the 
opposite pattern occurs with temperature and pH values. 

> Ba ri u m, bicarbonate, calcium, electrical conductivity, hardness, magnesium, 
manganese, total alkalinity, TDS, and total Kjeldahl nitrogen levels decreased 
with increasing groundwater depth. In contrast, pH, temperature, and zinc levels 
increased with increasing groundwater depth. 

Significant (p I 0.05) groundwater depth differences between each sub-basin and 
aquifer suggest that for parameter levels vertical variation is less important than spatial 
variation. Thus, groundwater depth patterns may be influenced by spatial patterns. 
Other sources indicate groundwater parameter levels tend to be a function more of flow 
path evolution than of vertical mixing (Robertson, 1991). 

A limited groundwater quality comparison was conducted between the two main water- 
bearing units in the Little Chino sub-basin regional aquifer. The results suggest that the 
levels of many parameters may be higher in the Upper Alluvial unit, which is tapped by 
numerous small-capacity domestic wells, than in the Lower Volcanic unit, which is the 
source for most large capacity irrigation and municipal wells. This finding is supported 
by earlier studies (Schwalen, 1967). The groundwater quality difference may be due to 
recharge to the Lower Volcanic unit that occurs along the basin margins, thus allowing 
for less evaporation and associated concentration of salts than recharge associated with 
the Upper Alluvial unit (Corkhill, 2000). 

A time-trend analysis was conducted using groundwater-quality data collected from 1 7  
wells over a 7-year period. Of the 12 parameters examined, levels of chloride, SC-field, 
fluoride, hardness, magnesium, nitrate, sodium, sulfate, total alkalinity, TDS, and zinc 
did not significantly change between 1991-93 and 1997-98. Calcium levels were the 
only constituent that varied significantly (p I 0.05), increasing between the time periods. 
The calcium level variation may be due to major flooding and the associated 
groundwater recharge that occurred in 1993 or to potentially different analytical 
methods used by the Arizona Department of Health Services laboratory during the two 
sampling periods (Corkhill, 2000; Roberts, 1997). 

Sacramento Valley Basin - A  regional groundwater quality study of the Sacramento Valley 
groundwater basin (SVGB) was conducted by ADEQ to determine the suitability of 
groundwater for drinking water purposes, appraise 1999 baseline conditions, and 
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examine spatial groundwater quality patterns. The SVGB is located in Mohave County in 
northwestern Arizona. Groundwater is the main water source in this semiarid basin. 
Sampling was conducted at 48 sites: 40 random sites and 8 targeted sites. 
Groundwater samples were collected for Safe Drinking Water (SDW) inorganic 
constituents, SDW Volatile Organic Compounds (VOCs), perchlorate, and isotopes of 
hydrogen, oxygen, and nitrogen. At 40 sites, samples were collected for SDW 
radiochemistry ana lysis. 

Interpretation of results from laboratory analyses of collected groundwater samples 
indicates that 20 of the 48 sites met all drinking water quality standards. MCLs were 
exceeded at 22 of 48 sites. MCL exceedances included gross alpha (18 sites), nitrate (6 
sites), fluoride (4 sites), radium-226+228 (4 sites), and antimony (2 sites). In addition, 
1 7  sites exceeded the proposed Primary MCL for uranium. Aesthetics-based SMCLs 
were exceeded at 28 of 48 sites. SMCL exceedances included total dissolved solids 
(TDS) (24 sites), fluoride (16 sites), chloride (7 sites), sulfate (7 sites), manganese (3 
sites), and iron (2 sites). Arizona Aquifer Water Quality standards had exceedances that 
were identical to Primary MCL exceedances. No VOCs, including methyl tertiary-butyl 
Ether (MTBE), were detected at any site. Perchlorate, a man-made inorganic salt used in 
the manufacture of explosives and very mobile in groundwater, was detected at four 
sites. 

Despite these numerous water quality exceedances many of the SVGB groundwater 
sites, including those in the central valley and in the Black Mountains in the western 
basin periphery, meet drinking water standards. Water quality standard exceedances 
were identified in three principal basin areas. 

> In the vicinity of the town of Chloride, exceedances of gross alpha, radium- 
226+228, TDS, nitrate, chloride, antimony, sulfate, and manganese occurred. 
These exceedances appear to be due to a combination of the area’s granitic 
geology, historic mining activity, and septic systems (Rosner, 1998). 

> In the central and southern Hualapai Mountains, exceedances of gross alpha, 
radium-226+228, fluoride, TDS, chloride, and sulfate occurred. The 
radiochemistry exceedances appear to be related to the area’s granitic geology 
(Lowry and Lowry, 1988). 

> In the vicinity of the town of Topock, exceedances of fluoride, TDS, and chloride 
occurred. These exceedances appear to be due to dissolution reactions that 
increase constituent concentrations as groundwater migrates downgradient 
within the basin (Robertson, 1991). 

Groundwater in the basin is generally slightly alkaline, hard to very hard, and fresh based 
upon pH, hardness, and TDS levels (Hem, 1985). Half of the 48 sites had a calcium- 
bicarbonate chemistry which is typical of recharge areas in Arizona (Robertson, 1991). 
Sixteen sites had a calcium-sulfate chemistry, six samples had a sodium-bicarbonate 
chemistry, and the two most downgradient sites had a sodium-sulfate chemistry. Nitrate 
concentrations at 20 sites were greater than 3.0 mg/l (as nitrogen) which may indicate 
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impacts from human activities (Madison and Brunett, 1984). Trace elements such as 
aluminum, antimony, barium, beryllium, cadmium, iron, lead, manganese, mercury, 
silver, and thallium were rarely detected; only arsenic, boron, chromium, copper, fluoride, 
selenium, and zinc were detected at more than 10 percent of the sites. 

Data from randomly-selected sample sites examined using various statistical methods 
found groundwater quality constituents varied by aquifer, geology, geographic location, 
and with groundwater depth. The following significant (p I 0.05) trends were observed. 
Concentrations of many constituents were higher in the hard rock aquifer compared to 
the alluvial aquifer, a pattern similar to that found in other Arizona groundwater basins 
(Robertson, 1991). Additional patterns were revealed when the hard rock aquifer was 
further subdivided into granitic, metamorphic, volcanic, and sedimentary rocks. 
Groundwater associated with granitic rock frequently had higher constituent 
concentrations than groundwater associated with volcanic rock and alluvial fill. These 
findings support previous studies in the SVGB that found more mineralized groundwater 
in or near mountain areas compared to the central valley (Gillespie and Bentley, 1971; 
Rascona, 1991). Groundwater movement in the basin is from north to south. A 
chemical flowpath evolution was observed along this flowpath. Concentrations of 
constituents such as calcium, magnesium, bicarbonate, and hardness tend to decrease 
downgradient while sodium, chloride, fluoride, and boron tend to increase. Statistical 
tests support these observations. Concentrations of sodium and some trace elements 
were higher in the southern, downgradient portion of the basin than in the upgradient 
northern portion. These constituents probably are increasing due to dissolution 
reactions (Robertson, 1991). In addition, a positive correlation existed among levels of 
calcium, magnesium, bicarbonate, sulfate, and hardness. In contrast, a positive 
correlation existed among levels of sodium, chloride, sulfate, boron, and fluoride. 

Many constituent concentrations tend to decrease significantly (p I 0.05) with 
groundwater depth below land surface (bls) though parameters such as pH and 
temperature increased with increasing groundwater depth bls. A critical level, ranging 
between 50 and 200 feet bls, was established for many constituent concentrations. At 
groundwater depths greater than the critical level, concentrations remain generally 
constant; in contrast, concentrations are highly variable at more shallow depths. 

A groundwater quality time-trend analysis was conducted utilizing data collected by the 
U.S. Geological Survey in 1979, the Arizona Department of Water Resources in 1990, 
and ADEQ in 1999. Constituent concentrations were largely found to be stable over a 
period stretching up to 20 years. This suggests that constituents are largely controlled 
by natural factors and are not prone to vary significantly over time. 

This study is the first application of stable isotopes in characterizing regional 
groundwater by ADEQ and was partially intended to test the usefulness of this 
technology. Based upon deuterium and oxygen isotope data, groundwater in the basin 
appears to have undergone a consequential amount of evaporation prior to recharge 
which is characteristic of arid regions. Future sampling for these two isotopes appears 
to be of greatest value for regional studies in basins having a major perennial river and 
where there is a need to distinguish water recently recharged from river infiltration and 
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paleo-water representing a non-renewable resource. In contrast, there appears .to be 
fewer potential uses for regional nitrogen isotope sampling. Data interpretation for this 
study suggests that it is not possible to determine the source of nitrate groundwater 
contamination simply by measuring nitrogen isotopes without sampling sites which 
specifically measure the nitrogen isotope signature of each potential source of nitrogen. 

Safford Basin: Gila Valley Sub-Basin - In 2004, ADEQ conducted a baseline groundwater 
quality study of the Gila Valley sub-basin of the Safford groundwater basin located in 
eastern Arizona. The sub-basin includes the drainage of the Gila River from the Peloncillo 
Mountains down gradient to near the San Carlos Tribal Lands and the drainage of the 
San Simon River downstream from a ridge near the railroad siding of Tanque (Towne, 
2004). The sub-basin includes the communities of Safford, Thatcher, Pima and Fort 
Thomas and consists primarily of federal lands (U.S. Forest Service and Bureau of Land 
Management), State Trust and private land. 

To characterize regional groundwater quality, samples were collected from 67  wells and 
springs using a randomly stratified design. All sites were sampled for oxygen and 
deuterium isotopes. At  selected sites, samples were collected for inorganic constituents 
(65 sites), radon (30 sites), radiochemistry (20 sites) and pesticides (4 sites). Nine 
isotope samples were collected from surface water sources to help determine 
groundwater recharge sources. Analytical results indicate that of the 65 sites sampled, 
only 11 sites (17 percent) met all health and aesthetics-based drinking water quality 
standards. Health-based MCLs were exceeded at 30 of 65 sites (46 percent). 
Constituents exceeding MCLs included arsenic (21  sites), fluoride (20 sites), gross alpha 
(3 site), nitrate (4 sites), and uranium (2 sites). The EPA proposed 300 picocuries per 
liter (pCi/L) drinking water quality standard for radon was also exceeded at 19 sites 
(USEPA, 2009). These water quality exceedances, with the exception of nitrate, appear 
to be the result of natural sources. Fluoride exceedances often occur at sites that are 
depleted in calcium allowing for large concentrations if a source for fluoride ions is 
available for dissolution (Robertson, 1991). Elevated arsenic concentrations may be 
related to an oxidizing environment, aquifer residence time, lithology and clay mineralogy 
(Robertson, 1991; Spencer, 2002). Aesthetics-based SMCLs were exceeded at 54 of 65 
sites (83 percent). Constituents above SMCLs included chloride (29 sites), fluoride (35 
sites), manganese (4 sites), pH (11 sites), sulfate (29 sites), and TDS (43 sites). 

Groundwater is characterized as predominantly of either sodium-bicarbonate or sodium- 
mixed chemistry, varied from fresh to moderately saline, had soft to very hard water, and 
had few occurrences of trace elements other than arsenic, boron and fluoride. Analyses 
of oxygen and deuterium isotope samples revealed two general recharge groups: Gila 
River (18 sites) and local precipitation (47 sites). Local precipitation recharge was 
further subdivided into four categories: recent (2 sites), newer (12 sites), older (29 sites), 
and Mt. Graham springs (4 sites). These recharge sources roughly correlate to the 
following alluvial units: Gila River recharge (younger alluvium), local precipitation (older 
alluvium), recent local precipitation (summer monsoon recharge long tributaries to the 
Gila River), newer local precipitation (clay-silt sub-unit), older local precipitation 
(evaporate and/or basal conglomerate sub-unit), and Mt. Graham springs (winter 
precipitation recharge in the high altitude Pinaleno Mountains). 
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Statistically-significant patterns were found among the two main recharge sources 
(Kruskal-Wallis test, p I 0.05). TDS, major ions, nitrate and boron were higher in Gila 
River recharge than local recharge; the opposite pattern occurred with pH. Older local 
precipitation sites had significantly higher temperature, TDS, sodium, potassium, 
chloride, sulfate, arsenic, boron, and fluoride concentrations than newer local 
precipitation sites (Kruskal-Wallis test with Tukey test, p I 0.05). These patterns indicate 
the best strategy for developing public water supplies in the Gila Valley sub-basin from a 
water quality perspective appears to be drilling shallow wells in the older alluvium along 
the mountain front up from the Gila River. 

In 1995, ADEQ conducted an extensive study of the Gila Valley sub-basin data sampling 
81 targeted wells (Wallin, 1999). Despite different sampling strategies, the frequency of 
water quality exceedances for each study was remarkably similar. Examination of the 
1995 data revealed deficiencies with sampling protocol and data validation, but the 
collected information was still considered suitable for making general groundwater 
quality comparisons between the studies. Using well characteristics and isotope data 
from the 2004 study, the 1995 sites were classified as either younger or older alluvium 
(ADWR, 2009). Using the data from the younger alluvium, 49 sites sampled in 1995 
were compared with the 18 sites sampled in 2004. Concentrations of TDS, sodium, 
chloride, sulfate and pH-lab increased significantly in the decade between the studies 
(Mann-Whitney test, p I 0.05). Increases in concentrations of these constituents in the 
younger alluvium appears to be the result of saline water under artesian pressure 
entering from upward leakages along faults and abandoned wells and from saline 
irrigation recharge (Black, 1991; Harris and Eastoe, 2009). 

Safford Basin: San Simon Sub-Basin - The San Simon sub-basin (SS) of the Safford basin 
is located in southeastern Arizona. The basin is sparsely populated and consists of 
mainly of federal and State rangeland with irrigated farmland near the towns of Bowie 
and San Simon. The SS is drained by the ephemeral San Simon River whose headwaters 
are the now-dry San Simon Cienega. After heavy precipitation, the river flows north out 
of the SS and debouches into the Gila River near Solomon. For the purposes of this 
water quality report, based on water chemistry patterns, groundwater is divided into four 
generalized, water-bearing units: the alluvial aquifer, upper aquifer, lower aquifer, and 
mountain bedrock. The unconfined alluvial aquifer occurs south of the cienega and is 
differentiated from connected alluvial areas to the north in this report because of its 
superior groundwater quality. North of the cienega are the upper and lower aquifers. 
Various blue-clay units separate the groundwater perched in the upper aquifer from 
percolating to the lower aquifer, which occurs under either water table or artesian 
conditions. Where sufficiently fractured and faulted, mountain bedrock also provides 
limited supplies. Recent studies have indicated that groundwater occurs in a more 
complex system than outlined here, but some simplification is needed for regional water 
quality analysis. 

A baseline groundwater quality study of the SS was conducted by ADEQ that consisted of 
62 sites sampled in 2002 and an additional 1 7  sites sampled in 1997. Overall, 77 
groundwater sites were sampled for inorganic constituents. Samples were also collected 

Appendix I- 52 



at selected sites for isotopes of oxygen and hydrogen (62 sites), radon (33 sites), 
radiochemistry (23 sites), and pesticide (4 sites) analyses. 

Of the 77  sites sampled, 2 8  met all drinking water quality standards. At 25 sites, 
concentrations of at least one constituent exceeded a health-based MCL. MCL 
exceedances included arsenic (2 sites under current standards, 1 7  sites under 
standards effective in 2006), beryllium (2 sites), fluoride (19 sites), nitrate (3 sites), 
gross alpha (3 sites) and uranium (1 site). At 49 sites, concentrations of at least one 
constituent exceeded an aesthetics-based SMCL. SMCL exceedances included chloride 
(6 sites), fluoride (35 sites), iron (5 sites), manganese (3 sites), pH (7 sites), sulfate (18 
sites), and total dissolved solids or TDS (34 sites). 

Groundwater composition and quality vary considerably in the sub-basin. Generally, 
groundwater from the alluvial aquifer and bedrock can be used without treatment for 
domestic purposes while that obtained from the upper or alluvial aquifer exceeds health 
or aesthetic standards. The limited groundwater in the bedrock of the Chiricahua, Dos 
Cabezas, Peloncillo, and Pinaleno Mountains generally meets health-based standards 
except for gross alpha in the granite rock of the western Dos Cabezas and Pinalenos. 
Though variable, groundwater chemistry is most commonly calcium-bicarbonate which is 
associated with recharge areas (Robertson, 1991). Concentrations of sodium, 
potassium, chloride, sulfate, fluoride, boron, and arsenic are lower in bedrock than in the 
upper or lower aquifer (ANOVA test in conjunction with Tukey test, p I 0.05). 
Groundwater in the alluvial aquifer also meets health-based standards except for 
fluoride at  one site. The alluvial aquifer is the most uniform with most sites having 
calcium-bicarbonate chemistry. Concentrations of TDS, sodium, chloride, sulfate, boron, 
and arsenic are lower in the alluvial aquifer than in the upper or lower aquifer (ANOVA 
test in conjunction with Tukey test, p 50.05). There are few significant water quality 
differences between sites in the alluvial aquifer and bedrock, 

Groundwater in the lower aquifer rarely met health-based standards because of elevated 
fluoride and arsenic concentrations. The high fluoride concentrations are permitted by 
very low calcium concentrations which result from a chemically closed system 
(Robertson, 1991). This closed system also results in sodium-bicarbonate or sulfate 
groundwater chemistry. Aesthetics-based standards such as TDS, sulfate, and pH were 
also frequently exceeded. The most depleted or isotopically lightest waters, which may 
represent the oldest water in the SS, are generally associated with lower aquifer sites. 
Groundwater in the upper aquifer often did not meet health-based MCLs because of 
elevated fluoride or nitrate concentrations. Aesthetics-based SMCLs for TDS and sulfate 
were also frequently exceeded. The least uniform geochemically, upper aquifer sites 
sometimes reflect major impacts from saline irrigation recharge and/or leakage from the 
lower aquifer. Concentrations of calcium, magnesium, hardness, and nitrate were higher 
in the upper aquifer than in the lower aquifer (ANOVA test in conjunction with Tukey test, 
p 50.05). 

San Rafael Basin - The San Rafael groundwater basin (SRF) baseline groundwater 
quality study was conducted by ADEQ in 2002. Located between Sierra Vista and 
Nogales along the Mexican border in southeastern Arizona, this semiarid basin is 
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relatively untouched by modern development. It contains some of the most pristine 
desert grasslands in the Southwest. The basin consists of the San Rafael Valley and 
the surrounding slopes of the Patagonia and Huachuca Mountains and the Canelo 
Hills. The local economy was originally based on mining and livestock grazing, but 
mining operations have long been inactive (Hadley and Sheridan, 1995). 

The SRF is noted as the headwaters of the Santa Cruz River. This watercourse, 
perennial in stretches, flows into Mexico and later reenters the U.S. near Nogales, 
Arizona. Groundwater from the alluvial aquifer is the principle water source though, 
where sufficiently fractured and faulted, mountain hard rock provides limited supplies 
(Murphy and Hedley, 1984). For this study, 20 groundwater sites were sampled for 
inorganic constituents as well as oxygen and hydrogen isotopes. In addition, samples 
were also collected at selected sites for radiochemistry (5), radon gas (5), and Volatile 
Organic Compounds (2) analyses. 

Two of the 20 sampled sites (10 percent) had concentrations of at least one 
constituent that exceeded a health-based MCL. Constituents that exceeded MCLs 
included antimony ( 1  site), lead ( 1  site), gross alpha (1 site), and uranium (1 site). In 
addition, 3 of the 20 sampled sites (15 percent) had concentrations of at least one 
constituent that exceeded an aesthetics-based SMCL. Constituents that exceeded 
SMCLs included iron ( 1  site), manganese (2 sites), sulfate (2 sites), and total 
dissolved solids or TDS (2 sites). No Volatile Organic Compounds were detected. 

Interpretation of the analytical results of the groundwater quality samples indicates 
that groundwater in the SRF generally meets drinking water standards and is suitable 
for domestic, municipal, irrigation, and stock purposes. Samples collected from two 
sites in the Patagonia Mountains contained all the health-based standard 
exceedances and the aesthetics-based guideline exceedances (except one) that 
occurred in the SRF. The elevated sulfate, TDS, and trace element levels found at 
these sites suggest impacts from the historic mining conducted in the area 
(Henderson, 1984). The elevated radionuclide concentrations found at  one of these 
sites also suggest additional impacts from the granitic geology found in the area 
(Lowry and Lowry, 1988). 

Groundwater in the SRF is generally fresh, slightly alkaline, and hard based on TDS, 
pH, and hardness concentrations (Heath, 1989). The majority of sites had a calcium- 
bicarbonate chemistry. The two previously mentioned sites in the Patagonia 
Mountains exhibited calcium-sulfate chemistry. Nutrient concentrations were low with 
the exception of one site near the center of the basin whose nitrate (as N) 
concentration approached the MCL. Barium, fluoride, and zinc were the only trace 
elements detected at more than ten percent of sites. Antimony, arsenic, beryllium, 
boron, cadmium, chromium, copper, iron, lead, manganese, mercury, nickel, 
selenium, silver, and thallium were rarely, if ever, detected. Groundwater quality 
constituent concentrations were compared among aquifers, watersheds, and geologic 
types; few significant differences were found in any of the groupings (Kruskal-Wallis 
test in conjunction with the Tukey test, p 50.05). 
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Deuterium and oxygen isotope data formed a Local Meteoric Water Line whose slope of 
4.6 conformed to the range of slopes (3 to 6) normally found in arid environments 
(Coplen et al., 1999). The most depleted, or isotopically lighter, sites tended to be in the 
highest mountains and may be from recent local precipitation less subject to 
evaporation. In contrast, the most enriched, or isotopically heaviest, sites tended to be 
at lower elevations within the central part of the basin. The levels of these two groups 
were found to be significantly different (Kruskal-Wallis test, p I 0.01). 

Upper San Pedro Basin - Thirty-nine ground-water samples were collected and analyzed 
in 1996-1997 by the USGS and ADEQ to assess ground-water quality in the Sierra Vista 
subbasin (the Upper San Pedro basin) in southern Arizona. The MCLs and Arizona Aquifer 
Water Quality standard for fluoride and the SMCL contaminant levels for fluoride, iron, 
manganese, pH, sulfate, and total dissolved solids were exceeded in samples collected 
for this study. 

On the basis of statistical tests, significant variations were identified between ground- 
water quality and well location, well depth and aquifer type. Significant differences were 
not identified between ground-water quality data and geology, land use, or ground-water 
quality data collected during 1950-65. Temperature and pH values increased and 
calcium concentrations decreased with increased well depth. Sodium, potassium, and 
fluoride concentrations in samples from the northern part of the subbasin were higher 
than concentrations in samples from the southern part of the subbasin. Sodium and 
chloride concentrations in samples from bedrock areas were higher than concentrations 
in samples from unconfined parts of the basin-fill aquifer; sodium and fluoride 
concentrations in samples from confined parts of the basin-fill aquifer in the St. David- 
Pomerene area were higher than concentrations in samples from unconfined parts of 
the basin-fill aquifer. Geochemical reactions in the basin-fill deposits are responsible for 
the concentrations of constituents that exceeded MCLs, SMCLs, State Aquifer Water 
Quality standards, and the statistically significant variations of ground-water quality data 
in relation to well location and aquifer type. 

Quality-control samples collected and analyzed by the U.S. Geological Survey and the 
Arizona Department of Environmental Quality generally verified that combining the 
ground-water quality data collected by the two agencies for regional assessment was 
acceptable. Statistically significant differences, however, were identified between quality- 
control samples collected and analyzed by the two agencies for alkalinity, specific 
conductance, magnesium, and potassium concentrations. Consideration of this 
variability was taken into account when analyzing the data from this study. 

Tucson AMA Basin: Upper Santa Cruz Sub-Basin - Fifty-eight ground-water samples 
were collected and analyzed in 1998 by the USGS and ADEQ to assess ground-water 
quality and to identify factors affecting ground-water quality in the Upper Santa Cruz 
Basin. In addition, pre-existing ground-water quality data for six wells were analyzed to 
determine changes in the ground-water quality of the basin over time. 

Twenty-nine percent of the ground-water samples collected had concentrations of at 
least one constituent that exceeded an MCL. MCLs and State Aquifer Water Quality 
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standards were exceeded for arsenic, fluoride, and nitrite plus nitrate. SMCLs were 
exceeded for fluoride, iron, manganese, pH, sulfate, and dissolved solids. 

Ground-water quality in the basin is affected by natural factors and human activities. The 
natural factors that have the most effect on ground-water quality in the basin are depth 
in the aquifer and distance from the major faults. Ground-water temperatures and pH 
significantly increased with well depth (p 5 0.05). Concentrations of dissolved solids, 
alkalinity, calcium, potassium, chloride, and sulfate were significantly higher in samples 
collected from wells less than 2 kilometers from major faults than in samples from wells 
greater than 2 kilometers from major faults (p 50.05). Previous studies have attributed 
this relation to the upward migration through faults of ground water from gypsiferous 
mudstones. Ground-water quality was not significantly different among the various basin- 
fill units; between parts of the basin fill that differ in thickness, lateral extent, and 
composition north and south of an inferred fault; or among areas that differ in distance 
from stream alluvium (p 50.05). 

Human activities have a substantial effect on ground-water quality in the basin. Ground 
water that contained recent (post-1953) recharge from urban areas had significantly 
higher concentration of nitrite plus nitrate than ground water that did not contain recent 
recharge from the land surface (p 50.05). Ground water that contained recent recharge 
from present agricultural areas had significantly higher concentrations of nitrite plus 
nitrate, calcium, and potassium than ground water that did not contain recent recharge 
from the land surface (p I 0.05). Ground water that contained recent recharge from 
present agricultural areas also had significantly higher concentrations of calcium, 
potassium, alkalinity, and dissolved solids than ground water that contained recent 
recharge from urban areas (p 50.05). 

Virgin River Basin - ADEQ completed a baseline groundwater quality study of the Virgin 
River Groundwater Basin (VRGB) in 1997. Located in the arid northwest corner of 
Arizona, the VRGB consists mainly of undeveloped public lands punctuated by small 
areas of private land, some of which contain densely-settled residences utilizing septic 
systems for wastewater treatment. A total of 38 groundwater samples were collected for 
the study including 33 stratified random samples from four aquifers: Beaver Dam, 
Littlefield, Virgin River alluvial, and Virgin River basin. All groundwater samples were 
analyzed for Safe Drinking Water (SDW) inorganic constituents, 10 samples were 
analyzed for radionuclides, and 3 samples were analyzed for Groundwater Protection List 
(GWPL) pesticides. Laboratory results revealed no detections of GWPL pesticides, while 
only one radionuclide sample exceeded the MCL for gross alpha. Inorganic parameter 
levels of the VRGB samples did not exceed any health-based MCLs, though aesthetics- 
based SMCLs for chloride, iron, manganese, field pH, sulfate, and total dissolved solids 
were exceeded, especially in the Littlefield and Virgin River alluvial aquifers. These 
results suggest that regional groundwater quality conditions generally support drinking 
water uses; however, some residents may prefer to use treated water for domestic 
purposes because of aesthetic reasons. 

Piper trilinear diagrams revealed each aquifer in the VRGB had characteristic water 
chemistry’s: Beaver Dam aquifer had bicarbonate-calcium water, Littlefield and Virgin 
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River alluvial aquifers had sulfate-calcium water, and Virgin River basin aquifer had a 
mixed water chemistry. Statistical analyses indicated that many significant differences 
exist in groundwater quality parameter levels among aquifers in the VRGB. Generally, 
inorganic parameters in the Littlefield and Virgin River alluvial aquifers have significantly 
higher levels than the Beaver Dam and Virgin River basin aquifers. 

A strong correlation existed among the levels of most groundwater quality parameters in 
the VRGB, perhaps indicating a common natural source for most parameters. 
Exceptions to this trend include nitrate, fluoride, iron, and manganese; parameters which 
may come from other natural or cultural sources. There is also a significant relationship 
between decreasing groundwater quality parameter levels and increasing groundwater 
depth below land surface in the VRGB; however, when examined by individual aquifer 
few of these statistical relationships are present. Thus, these VRGB depth-dependent 
parameter levels may be more the result of parameter level differences among aquifers 
and the accompanying groundwater depth variations than by any actual relationships 
within aquifers. 

The groundwater quality of the Beaver Dam and Littlefield aquifers may be impacted by 
cultural factors as evidenced by the comparison of upgradient, control samples to the 
95% confidence interval established for each aquifer. The presence of poorer-quality 
groundwater beneath the Beaver Dam aquifer and better-quality groundwater beneath 
the Virgin River alluvial aquifer was also indicated by results of limited sampling of 
deeper aquifers. 

Willcox Basin - A baseline groundwater quality study of the Willcox Groundwater Basin 
(WGB) was completed by ADEQ in 1999. Groundwater is the main water supply in this 
semiarid basin, which is located in Cochise and Graham Counties in southeastern 
Arizona. The basin is surrounded by topographically higher areas so that most drainage 
is internal and flows to the Willcox Playa, an alkali flat in the central portion of the basin. 
For the study, 58 groundwater sites - 46 random sites and 12 targeted sites - were 
sampled for inorganic constituents. Varying numbers of sites were also sampled for 
Volatile Organic Compounds (VOCs) (54 sites), radionuclides (44 sites), nitrogen isotopes 
(7 sites), and pesticides (4 sites). 

Thirty-six (36) percent of the sample sites had concentrations of at least one constituent 
that exceeded a health-based MCL. Constituents exceeding MCLs include antimony (1 
site), arsenic (3 sites under current standards, 9 sites under standards due to become 
effective in 2006), fluoride (8 sites), nitrate (5 sites), gross alpha (8 sites), and radium- 
226+228 (1 site). Forty (40) percent of the sample sites had concentrations of at  least 
one constituent that exceeded an aesthetics-based SMCL. Constituents exceeding 
SMCLs include chloride (2 sites), fluoride (13 sites), iron ( 1  site), manganese (1 site), pH 
(4 sites), sulfate (4 sites), and total dissolved solids or TDS ( 1 1  sites). At  one site, VOCs 
were detected that are common by-products of chlorination (Morrow, 1999). No 
pesticides or related degradation by-products were detected. Although water quality 
constituent exceedances occurred throughout the basin, they were largely concentrated 
in four areas: near the Spike E Hills northeast of the city of Willcox (fluoride, arsenic, and 
pH); areas of granitic rock (gross alpha); northwest of the Sulphur Hills (nitrate, fluoride, 
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and sulfate); and immediately west of the Willcox Playa (chloride and sulfate). The study 
results suggest that, apart from these areas, groundwater appears to be largely suitable 
for domestic uses. 

Groundwater in the WGB is generally fresh, slightly alkaline, and varies widely in 
hardness concentrations. The chemistry is typically calcium-bicarbonate except near the 
Willcox Playa (sodium-mixed anion) and northwest of the Sulphur Hills (calcium-sulfate). 
Twenty-five (25) percent of sites had nitrate (as nitrogen) concentrations (> 3 mg/L) 
which may indicate impacts from human activities (Madison and Brunette, 1984). 
Analyses were conducted on 18 trace elements; only boron, chromium, fluoride, and zinc 
were detected at more than 10 percent of sample sites. 

Groundwater quality varied significantly by aquifer, geology, geographic location, and 
with groundwater depth. Constituents such as nitrate, pH, potassium, and temperature 
were higher in the alluvial aquifer than in hard rock areas. Sodium and chloride were 
higher in young alluvium near the Willcox Playa than in old alluvium. Gross alpha was 
higher in groundwater associated with granite rock than in old and young alluvium. 
Bicarbonate, calcium, hardness, and sulfate were higher in the southern portion of the 
basin than in the northern portion (Kruskal-Wallis test, p I 0.05). Many constituents 
such as bicarbonate, calcium, chloride, gross alpha, hardness, sodium, sulfate, TDS, and 
total Kjeldahl nitrogen decreased with increasing groundwater depth below land surface 
(bls) (regression analyses, p 50.05). TDS and some major ions attained a critical level 
at approximately 110 feet bls. These constituent levels remained generally constant at 
groundwater depths greater than the critical level but were highly variable and 
sometimes dramatically higher at depths shallower than 110 feet bls. 

Although only limited time-trend analyses were conducted for this study, constituents in 
most areas of the basin appear to be controlled by natural geochemical reactions and 
would probably not vary significantly in the short term. An exception may occur near 
Kansas Settlement, a farming community located southeast of the Willcox Playa. 
Targeted sampling conducted indicates that shallow groundwater quality is probably 
impacted by a variety of sources, especially irrigation recharge carrying salts and nitrate. 

Yuma Basin - ADEQ conducted a baseline groundwater quality study of the Yuma 
Groundwater Basin (YGB) in 1995. Fifty-five wells were sampled for Safe Drinking Water 
(SDW) inorganic constituents, with a lesser number of samples collected for the banned- 
pesticides DBCP and ED6 ( 4 1  samples), Groundwater Protection List pesticides (21 
samples), and radionuclides (7 samples). A stratified random sampling design was used 
to select 42 wells that are equally distributed in three physiographic areas (Gila Valley, 
Yuma Mesa, and Yuma Valley) and two groundwater zones (upper, fine-grained and 
lower, coarse-gravel). Also sampled were 13 wells targeted around land uses and/or an 
area of high nitrate levels. 
Laboratory results revealed no detection of any pesticides. Of the inorganic and 
radionuclide parameters with health-based MCLs, only nitrate (as N) exceeded the water 
quality standard in five wells - four of which are located in the eastern South Gila Valley. 
In this area of high nitrate levels, one nitrate sample exceeded the Primary MCL by a 
factor of twelve. Of inorganic parameters with aesthetics-based SMCLs, chloride, iron, 
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manganese, sulfate, and total dissolved solids frequently exceeded water quality 
standards. This data suggests that regional groundwater quality conditions in the YGB 
generally support drinking water uses but because of aesthetic factors, residents may 
prefer to use treated water for some domestic purposes. 

YGB groundwater has no dominant water chemistry and is chemically fairly uniform and 
similar to Colorado River water. Many groundwater quality parameter levels are 
positively correlated with one another which may indicate a common source of salts and 
minerals. These findings support the assertion made by previous studies that 
groundwater in the YGB consists largely of recharged Colorado River water (Olmstead, 
LoeItz and Irelan, 1973). 

Statistical analyses comparing the upper, fine-grained and lower, coarse-gravel 
groundwater zones indicate no significant differences exist between groundwater quality 
parameter levels; however, when groundwater quality parameter levels are compared 
with groundwater depth below land surface (bls), many parameters have decreasing 
levels significantly related to increasing groundwater depth bls. Numerous statistically- 
significant differences exist in groundwater quality parameter levels among 
physiographic areas, with many inorganic parameters having higher levels in Gila Valley 
than Yuma Mesa and Yuma Valley. These spatial groundwater quality differences may 
be due to unique histories involving how long an area has been irrigated, depth to 
groundwater, and especially, the source of irrigation water. The irrigation source in Gila 
Valley has predominately been groundwater with this resource being constantly recycled 
and degraded; in contrast, “fresher” Colorado River water has been chiefly applied for 
agriculture in the Yuma Mesa and Yuma Valley. A time trend analysis conducted on 15 
wells sampled by both the U.S. Bureau of Reclamation in 1989-90 and ADEQ in 1995 
showed few significant groundwater quality parameter level differences indicating that 
groundwater quality has been relatively unchanged during this time period. 
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Appendix A - Maps of Actual and Inferred Nitrate (as Nitrogen) 
Concentrations in Selected Basin-Fill Aquifers 
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Western Group Rate Case 

Exhibit FKS-23 



/I ARIZONA WATER COMPAN 

PRELIMINARY COST ESTIMATE 

AJH Pinal Valley 
VAME OF APPLICANT PE # 

PREPARED BY APPROVED BY SYSTEM 

Construct a 1,500 gpm Ion Exchange Nitrate Removal Facility i 
property and construct a 500,000 gallon steel water storage tar 
station. 

ROPERTY DESCRIPTION: 

MATERIALS AND LABOR 

I I 
(1) SUBTOTAL - MATERIALS AND LABOR 

(2) PERFORMANCE BOND @ 2 Oh OF LINE (1) 

(3) SURVEY, R.O.W. PERMITTING, TESTING AND FIELD INSPECTION 

11(4) SUBTOTAL - LINES (I), (2) AND (3) 

11(5) OVERHEAD - 12 % OF LINE (4) 

(6) PREPARATION OF DETAILED PLANS, SPECIFICATIONS, AND COST II ESTIMATES 
~ __ ~ ~ _ _ _ _  

SUBTOTAL - LINES (4), (5) AND (6) 

ESTIMATED COST OF CONSTRUCTION 

DATE PREPARED: I W I S I O N :  7131115 

Casa Grande 
W U 

Pinal Valley Well No. 33, purchase 
and 3,000 gpm booster pump 

ESTIMATED PROJECT COST 

NON-REFUNDABLE ADVANCE FOR 
CONSTRUCTION CONTRIBUTION 

$ 400,000 

400,000 

1,100,000 

450,000 

600,000 

125,000 

200,000 

600,000 

1,300,000 

$ 5,175,000 I $ 
I 

104,000 1 
I 

$ 6,529,000 

08/20/11 I FKS AFH I E-3-14-la 



li MATERIALS AND LABOR 

1 

11 ACCOUNT I QUANTITY I DESCRIPTION 

Construct 3,000 gprn booster pump station 

$ 7,900.000 

158.000 

158.000 

$ 8,216,000 

986.000 

(1) SUBTOTAL - MATERIALS AND LABOR 

(2) PERFORMANCE BOND @ * % OF LINE (1) 
$ 

$ 

11(3) SURVEY, R.O.W. PERMITTING, TESTING AND FIELD INSPECTION 

(4) SUBTOTAL - LINES (l), (2) AND (3) 

( 5 )  OVERHEAD - 12 % OF LINE (4) 

(6) PREPARATION OF DETAILED PLANS, SPECIFICATIONS, AND COST 
J - n T I f i  4 A C+ 

SUBTOTAL - LINES (4), (5) AND (6) 

STIMATED COST OF CONSTRUCTION 

ESTIMATED PROJECT COST 

ADVANCE FOR I NON-REFUNDABLE 
CONSTRUCTION CONTRIBUTION 

$ 450,000 

450,000 

550,000 

650,000 

1,500,000 

300,000 

750,000 

750,000 

200,000 

400.000 

600.000 1 
1,300,000 __c_ 

$ 9,902,000 $ 

$ 9.902.000 

AFH 

Rewme Osrnmis Cat Eat I ffl(v2015 Oe/ZO/ll I FKSAFH I Ed-14-la 



ir DATE PREPARED 

ARIZONA WATER COMPANY I 

I I 

PROPERTY DESCRIPTION: 
Construct a 1,500 gpm Electrodialysis Nitrate Removal Facility at Pinal Valley Well No. 33, purchase 
property and construct a 500,000 gallon steel water storage tank and 3,000 gpm booster pump 
station. 

MATERIALS AND LABOR 

(I) SUBTOTAL - MATERIALS AND LABOR 

(2) PERFORMANCE BOND @ * % OF LINE (1) 

(3) SURVEY, R.O.W. PERMITTING, TESTING AND FIELD INSPECTION 

(4) SUBTOTAL - LINES (l), (2) AND (3) 

( 5 )  OVERHEAD - 12 % OF LINE (4) 

(6) PREPARATION OF DETAILED PLANS, SPECIFICATIONS, AND COST 
J - f i T a n  

SUBTOTAL - LINES (4), (5) AND (6) 

ESTIMATED COST OF CONSTRUCTION 

ESTIMATED PROJECT COST 

ADVANCE FOR NON-REFUNDABLE 
CONSTRUCTION CONTRIBUTION 

~ 450,000 

450,000 1 
I 

550.000 

650,000 

2,000.000 

300,000 

225.000 

400.000 I 
600.000 1 

1.300.000 I 
8,925,000 $ 0 

179,000 I 
I 

11.197.000 

0612011 1 I FKS AFH I E-3-14-la 
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Pinal Valley Well No. 7 Nitrate Removal Facility Project Description 

Background 
Arizona Water Company drilled Pinal Valley Well No. 7 in 1956. Since the well was 

completed nitrate concentrations have trended upwards, are currently above 9 mg/L and continue 
to increase. The United States Environmental Protection Agency Maximum Contaminant Level 
for nitrate is 10 mg/L. Exceeding this MCL is a Tier 1 violation requiring public notice within 
24 hours of the violation. Arizona Water Company engineers evaluated multiple nitrate 
mitigation alternatives and determined constructing a nitrate removal facility is the most certain 
and cost effective solution to remove high nitrate concentrations from drinking water. 

Location 

Highway 87 along Northern Road, in the Company's Pinal Valley water system. 
Pinal Valley Well No. 7 is located at 125 W. Northern Road in Coolidge, Arizona, east of 

Objective 

Safe Drinking Water Act. 
Reduce the nitrate concentration in water from Pinal Valley Well No. 7 to comply with 

Project Description 
Currently Well No. 7 pumps to a water storage tank, then to the distribution system 

through a booster pump station. Arizona Water Company will purchase property to construct a 
nitrate removal facility. Arizona Water Company will investigate a suitable location near Well 
No. 7. 

Arizona Water Company will pump groundwater from Pinal Valley Well No. 7 through 
the nitrate removal facility utilizing ion exchange technology to reduce elevated nitrate 
concentrations. The treated groundwater is pumped to the storage tank where the booster pump 
station will pump the water into the distribution system. 

The nitrate removal facility will utilize ion exchange technology with a salt brine 
regeneration system. Major components of the nitrate removal facility include coated carbon 
steel treatment vessels, salt brine tank, recycle tank and waste tanks. Arizona Water Company 
will use ductile iron or other compatible pipe materials for the vessel face piping. The fully 
automated regeneration process will use motor operated valves and online analyzers to 
regenerate the ion exchange resin when it is saturated with nitrates. Arizona Water Company 
will integrate the nitrate removal facility into its existing Pinal Valley SCADA system. 

Arizona Water Company will size the nitrate removal facility to treat 1,250 gallons per 
minute, the production capacity of Pinal Valley Well No. 7. The nitrate removal facility will 
treat a design raw water nitrate concentration of 15 mg/L down to a target treated nitrate 
concentration of 7 mg/L. The nitrate removal facility will include bypass piping to blend raw 
water with treated water to reach the 7 mg/L goal. 

Arizona Water Company engineers estimate the cost to design and construct the nitrate 
removal facility, tank and booster pump station is $3.5 million. 



DATE PREPARED 

ARIZONA WATER COMPANY 

PREPAREDBY 

AJH 
DIVISION APPROVED BY SYSTEM 

Pinal Valley Casa Grande 

I I 

PROPERTY DESCRIPTION 

Construct a 1,250 gpm Nitrate Removal Facility at Pinal Valley Well No. 7. 

NAME OF APPLICANT 

ADVANCE FOR NON-REFUNDABLE 
CONSTRUCTION CONTRIBUTION 

MATERIALS AND LABOR 

DESCRIPTION 

PE # WA # 

Concrete Slabs and Site Work 

Treatment, Bypass, and Regeneration Piping 

Ion Exchange Vessels and Media 

Electrical and Instrumentation Controls 

Brine Reaeneration Svstem 

Contractina Tax II 50.000 I 

$ 400,000 

350,000 

1,000,000 

400,000 

500.000 

1 

1 

1 

1 

1 

1 

(1) SUBTOTAL - MATERIALS AND LABOR $ 2,700,000 

54,000 

54,000 

$ 2,808,000 

337,000 

325,000 

11(2) PERFORMANCE BOND @ 2 % OF LINE (1) 
$ 

$ 

(3) SURVEY, R.O.W. PERMITTING, TESTING AND FIELD INSPECTION 

(4) SUBTOTAL - LINES (I), (2) AND (3) 

SUBTOTAL - LINES (4), (5) AND (6) 

ESTIMATED COST OF CONSTRUCTION 

11p) OVERHEAD - 12 % OF LINE (4) 

$ 3,470,000 $ 

$ 3,470,000 

(6) PREPARATION OF DETAILED PLANS, SPECIFICATIONS, AND COST II ESTIMATES 

PV NRF Cost Estimates I 7i2412015 06/20/11 I FKS:AFH 1 E-514-la 



Pinal Valley Well No. 27 Nitrate Removal Facility Project Description 

Background 
Arizona Water Company drilled Pinal Valley Well No. 27 in 1998. After the well was 

completed, nitrate concentrations were approximately 7 mg/L. Since that time, nitrate 
concentrations have trended upwards, are currently above 12 mg/L and continue to increase. 
AWC blends water from Well No. 27 with another low nitrate source to reduce the blended 
nitrate concentration to 9 mg/L prior to entry into the distribution system. The United States 
Environmental Protection Agency Maximum Contaminant Level for nitrate is 10 mg/L. 
Exceeding this MCL is a Tier 1 violation requiring public notice within 24 hours of the violation. 
Arizona Water Company engineers evaluated multiple nitrate mitigation alternatives and 
determined constructing a nitrate removal facility is the most certain and cost effective solution 
to remove high nitrate concentrations from drinking water. 

Location 

Arizona, east of I- I 0, along McCartney Road in the Company's Pinal Valley water system. 
Pinal Valley Well No. 27 is located at 7317 W. McCartney Road in Casa Grande, 

Objective 

Safe Drinking Water Act. 
Reduce the nitrate concentration in water from Pinal Valley Well No. 27 to comply with 

Project Description 
Currently Well No. 27 pumps to a water storage tank where it blends with another low 

nitrate source to reduce the blended nitrate concentration to 9 mg/L, then to the distribution 
system through a booster pump station. 

Arizona Water Company will pump groundwater from Pinal Valley Well No. 27 through 
an on-site nitrate removal facility utilizing ion exchange technology to reduce elevated nitrate 
concentrations. The treated groundwater is pumped to the on-site water storage tank where the 
existing booster pump station will pump the water into the distribution system. 

The nitrate removal facility will utilize ion exchange technology with a salt brine 
regeneration system. Major components of the nitrate removal facility include coated carbon 
steel treatment vessels, salt brine tank, recycle tank and waste tanks. Arizona Water Company 
will use ductile iron or other compatible pipe materials for the vessel face piping. The fully 
automated regeneration process will use motor operated valves and online analyzers to 
regenerate the ion exchange resin when it is saturated with nitrates. Arizona Water Company 
will integrate the nitrate removal facility into its existing Pinal Valley SCADA system. 

Arizona Water Company will size the nitrate removal facility to treat 500 gallons per 
minute, the production capacity of Pinal Valley Well No. 27. The nitrate removal facility will 
treat a design raw water nitrate concentration of 18 mg/L down to a target treated nitrate 
concentration of 7 mg/L. The nitrate removal facility will include bypass piping to blend raw 
water with treated water to reach the 7 mg/L goal. 



Arizona Water Company engineers estimate the cost to design and construct the nitrate 
removal facility, tank and booster pump station is $2.4 million. 



ll 
PREPAREDBY APPROVED BY SYSTEM. 

AJH Pinal Valley 
NAME OF APPLICANT PE # 

ARIZONA WATER COMPANY 

DIVISION 

Casa Grande 
WA # 

DATE PREPARED I 

$ 2,380,000 $ 

I I 

PROPERTY DESCRIPTION: 

Construct a 500 gpm Nitrate Removal Facility at Pinal Valley Well No. 27. 

I ACCOUNT QUANTITY 
ADVANCE FOR NON-REFUNDABLE 

CONSTRUCTION CONTRIBUTION 

MATERIALS AND LABOR 

DESCRIPTION 

Concrete Slabs and Site Work 

Treatment, Bypass, and Regeneration Piping 

Ion Exchange Vessels and Media 

Electrical and Instrumentation Controls 

Brine Regeneration System 

Contractina Tax 

$ 300,000 

200,000 

750,000 

300,000 

250,000 

50,000 

11(1) SUBTOTAL - MATERIALS AND LABOR 

(2) PERFORMANCE BOND @ 2% OF LINE (1) 

(3) SURVEY, R.O.W. PERMITTING, TESTING AND FIELD INSPECTION 

(4) SUBTOTAL - LINES (I), (2) AND (3) 

(5) OVERHEAD - 12 % OF LINE (4) 

(6) PREPARATION OF DETAILED PLANS, SPECIFICATIONS, AND COST 
ESTIMATES 

SUBTOTAL - LINES (4), (5) AND (6) 

 ESTIMATED COST OF CONSTRUCTION 

37.000 

231,000 

225.000 

AFH 

PV NRF Cost Estimates 1 7i23I2015 06/20/11 1 FKSAFH I E-3-14-la 



Pinal Valley Well No. 32 Nitrate Removal Facility Project Description 

Background 
Arizona Water Company drilled Pinal Valley Well No. 32 in 2007. After the well was 

completed, nitrate concentrations were approximately 7 mg/L. Since that time, nitrate 
concentrations have trended upwards, are currently above 9 mg/L and continue to increase. The 
United States Environmental Protection Agency Maximum Contaminant Level for nitrate is 10 
mg/L. Exceeding this MCL is a Tier I violation requiring public notice within 24 hours of the 
violation. Arizona Water Company engineers evaluated multiple nitrate mitigation alternatives 
and determined constructing a nitrate removal facility is the most certain and cost effective 
solution to remove high nitrate concentrations from drinking water. 

Location 

of 1-1 0, south of Florence Blvd. in the Company's Pinal Valley water system. 
Pinal Valley Well No. 32 is located at 278 E. Santa Ynez in Casa Grande, Arizona, east 

Objective 

Safe Drinking Water Act. 
Reduce the nitrate concentration in water from Pinal Valley Well No. 32 to comply with 

Project Description 
Currently Well No. 32 pumps directly to the distribution system. However, Industry 

practice is for the well to pump to a water storage tank, then to the distribution system through a 
booster pump station. Arizona Water Company will purchase property to construct a water 
storage tank and booster pump station. Arizona Water Company is currently investigating a 
suitable location near Well No. 32. 

Arizona Water Company will pump groundwater from Pinal Valley Well No. 32 through 
an on-site nitrate removal facility utilizing ion exchange technology to reduce elevated nitrate 
concentrations. The treated groundwater is pumped to an off-site water storage tank where a 
booster pump station will pump the water into the distribution system. 

The nitrate removal facility will utilize ion exchange technology with a salt brine 
regeneration system. Major components of the nitrate removal facility include coated carbon 
steel treatment vessels, salt brine tank, recycle tank and waste tanks. Arizona Water Company 
will use ductile iron or other compatible pipe materials for the vessel face piping. The fully 
automated regeneration process will use motor operated valves and online analyzers to 
regenerate the ion exchange resin when it is saturated with nitrates. Arizona Water Company 
will integrate the nitrate removal facility into its existing Pinal Valley SCADA system. 

Arizona Water Company will size the nitrate removal facility to treat 1,500 gallons per 
minute, the production capacity of Pinal Valley Well No. 32. The nitrate removal facility will 
treat a design raw water nitrate concentration of 15 mg/L down to a target treated nitrate 
concentration of 7 mg/L. The nitrate removal facility will include bypass piping to blend raw 
water with treated water to reach the 7 mg/L goal. 



Arizona Water Company will construct a 500,000 gallon welded steel water storage tank 
on the purchased property. It is critical to have a water storage tank to limit the starts and stops 
of a treatment plant and well. A 3,000 gallon per minute booster pump station will pump water 
from the water storage tank into the distribution system. The booster pump station is sized with 
firm capacity to pump the sum of 1,500 gallons per minute from Well No. 32 and 1,500 gallons 
per minute for local fire flow. 

Well No. 32 and the purchased property are located within the Mission Royale 
subdivision and bound by its Covenants, Conditions, and Restrictions. Arizona Water Company 
must amend the Covenants, Conditions, and Restrictions and obtain a Conditional Use Permit 
from the City of Casa Grande to construct the nitrate removal facility, water storage tank, and 
booster pump station. 

Arizona Water Company engineers estimate the cost to design and construct the nitrate 
removal facility, tank and booster pump station is $6.5 million. 
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713 1 I1 5 

DIVISION 
PRELIMINARY COST ESTIMATE 

PREPAREDBY APPROVEDBY SYSTEM 

AJH Pinal Valley Casa Grande 
NAME OF APPLICANT PE # WA # 

PROPERTY DESCRIPTION 
Construct a 1,500 gpm Nitrate Removal Facility at Pinal Valley Well No 32, purchase property and 
construct a 500,000 gallon steel water storage tank and 3,000 gpm booster pump station 

ADVANCE FOR 
CONSTRUCTION 

I/ MATERIALS AND LABOR 
NON-REFUNDABLE 

CONTRIBUTION 11 ACCOUNT I QUANTITY I DESCRIPTION 

(1) SUBTOTAL - MATERIALS AND LABOR 

(2) PERFORMANCE BOND @ 2 % OF LINE (1) 

(3) SURVEY, R.O.W. PERMITTING, TESTING AND FIELD INSPECTION 

11(4) SUBTOTAL - LINES (I), (2) AND (3) 

11(5) OVERHEAD - 12 % OF LINE (4) 

(6) PREPARATION OF DETAILED PLANS, SPECIFICATIONS, AND COST ll ESTIMATES 

llSUBTOTAL - LINES (4), (5) AND (6) 

ESTIMATED COST OF CONSTRUCTION 
AFH 

$ 400,000 

400,000 

1,100,000 

450,000 

600,000 

125,000 

200,000 

600,000 

1,300,000 

5,175,000 $ 

104,000 

104.000 

646.000 

500,000 

$ 6,529,000 
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Pinal Valley Well No. 33 Nitrate Removal Facility Project Description 

Background 
Arizona Water Company drilled Pinal Valley Well No. 33 in 2007. After the well was 

completed, nitrate concentrations were approximately 7 mg/L. Since that time, nitrate 
concentrations have trended upwards, are currently above 9 mg/L and continue to increase, as 
shown in Figure 1.  The United States Environmental Protection Agency Maximum Contaminant 
Level for nitrate is 10 mg/L. Exceeding this MCL is a Tier 1 violation requiring public notice 
within 24 hours of the violation. Arizona Water Company engineers evaluated multiple nitrate 
mitigation alternatives and determined constructing a nitrate removal facility is the most certain 
and cost effective solution to remove high nitrate concentrations from drinking water. 

Location 

1-1 0, south of Florence Blvd. in the Company's Pinal Valley water system. 
Pinal Valley Well No. 33 is located at 2602 E. Hancock in Casa Grande, Arizona, east of 

Objective 

Safe Drinking Water Act. 
Reduce the nitrate concentration in water from Pinal Valley Well No. 33 to comply with 

Project Description 
Currently Well No. 33 pumps directly to the distribution system. However, Industry 

practice is for the well to pump to a water storage tank, then to the distribution system through a 
booster pump station. Arizona Water Company will purchase property to construct a water 
storage tank and booster pump station. Arizona Water Company is currently investigating a 
suitable location near Well No. 33 .  

Arizona Water Company will pump groundwater from Pinal Valley Well No. 33 through 
an on-site nitrate removal facility utilizing ion exchange technology to reduce elevated nitrate 
concentrations. The treated groundwater is pumped to an off-site water storage tank where a 
booster pump station will pump the water into the distribution system. 

The nitrate removal facility will utilize ion exchange technology with a salt brine 
regeneration system. Major components of the nitrate removal facility include coated carbon 
steel treatment vessels, salt brine tank, recycle tank and waste tanks. Arizona Water Company 
will use ductile iron or other compatible pipe materials for the vessel face piping. The fully 
automated regeneration process will use motor operated valves and online analyzers to 
regenerate the ion exchange resin when it is saturated with nitrates. Arizona Water Company 
will integrate the nitrate removal facility into its existing Pinal Valley SCADA system. A 
conceptual design of the nitrate removal facility is provided on Figure 2. 

Arizona Water Company will size the nitrate removal facility to treat 1,500 gallons per 
minute, the production capacity of Pinal Valley Well No. 33 .  The nitrate removal facility will 
treat a design raw water nitrate concentration of 15 mg/L down to a target treated nitrate 
concentration of 7 mg/L. The nitrate removal facility will include bypass piping to blend raw 
water with treated water to reach the 7 mg/L goal. 



Arizona Water Company will construct a 500,000 gallon welded steel water storage tank 
on the purchased property. It is critical to have a water storage tank to limit the starts and stops 
of a treatment plant and well. A 3,000 gallon per minute booster pump station will pump water 
from the water storage tank into the distribution system. The booster pump station is sized with 
firm capacity to pump the sum of 1,500 gallons per minute from Well No. 33 and 1,500 gallons 
per minute for local fire flow. A conceptual design of the water storage tank and booster pump 
station is provided on Figure 3. 

Well No. 33 and the purchased property are located within the Mission Royale 
subdivision and bound by its Covenants, Conditions, and Restrictions. Arizona Water Company 
must amend the Covenants, Conditions, and Restrictions and obtain a Conditional Use Permit 
from the City of Casa Grande to construct the nitrate removal facility, water storage tank, and 
booster pump station. 

Arizona Water Company engineers estimate the cost to design and construct the nitrate 
removal facility, tank and booster pump station is $6.5 million, as shown in Figure 4. The 
estimated annual operations and maintenance costs are $1.77 million, as shown in Figure 5. 
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ESTIMATES 
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ESTIMATED COST OF CONSTRUCTION 

Concrete Slabs and Site Work 

Treatment, Bypass, and Regeneration Piping 

Ion Exchange Vessels and Media 

Electrical and Instrumentation Controls, SCADA 

Brine Regeneration System 

Contracting Tax 

1 

1 

400,000 

400,000 

1,100,000 

450,000 
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125,000 

200,000 

600,000 

1,300,000 

$ 
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104,000 

104.000 
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646.000 
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500,000 

$ 6,529,OOC 

~ ~ 
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Pinal Valley Well No. 33 Nitrate Removal Facility 

Estimated Operational and Maintenance Costs 

Background 

0 Arizona Water Company operates nitrate removal facility at Well Nos. 9 and 10 in 

Coolidge 

Operational and maintenance costs for the Well Nos. 9 and 10 nitrate removal facility 

were approximately $1,370 per acre-foot of treated water in 2014 

Operational and maintenance costs include chemicals, waste disposal, labor, vehicles, and 

repair materials 

Well No. 33 has similar water quality to Well Nos. 9 and 10 in Coolidge 

Well No. 33 nitrate removal facility will utilize the same ion exchange treatment 

technology at the Well Nos. 9 and 10 nitrate removal facility 

Well No. 33 is permitted for 1,290 acre-feet per year 

0 

0 

0 

0 

Assumptions 

0 Assume operational and maintenance costs for the Well No. 33 nitrate removal facility 

will equal those of the Well Nos. 9 and 10 nitrate removal facility ($1,370 per acre-foot) 

Assume Arizona Water Company will pump and treat full annual allocation of Well No. 

33 at the nitrate removal facility (1,290 acre-feet per year) 

0 

Calculations 

Annual O&M Costs = (1,290 czcrefeet per year)  * ($1,370 per acrefoot)  

Annual O&M Costs = $1.77 Million per year 
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EXECUTIVE SUMMARY 

The direct testimony of Pauline M. Ahern addresses the following issues: 

Arizona Water Company's Cost of Common Equity and Overall Required Rate of Return 

- Ms. Ahern concludes that Arizona Water Company's ("AWC" or "Company") cost of 

equity is 10.75% and its overall required rate of return is 8.93%. The overall required 

rate of return is based upon AWC's actual capital structure consisting of 46.31% long- 

term debt and 53.69% common equity. 

Ms. Ahern's cost of equity recommendation is based on the results of her 

discounted cash flow (I'DCF''), risk premium (I'RPM") and capital asset pricing model 

("CAPM") analyses applied to a proxy group of eight publicly traded water companies. 

Ms. Ahern concludes that the average cost of common equity to the proxy group is 

9.60%, before any adjustment to reflect AWC's relative credit and business risks. In her 

opinion, if rated, AWC's bonds would likely be rated Baa2 by Moody's, compared with 

the average Moody's bond rating of A2/A3 for the proxy group, thus requiring a 0.63% 

credit risk premium. Further, based upon empirical evidence, AWC's smaller size 

relative to the proxy group requires a 0.50% business risk premium. Adding the 

required credit risk adjustment of 0.63%, coupled with the required business risk 

adjustment of 0.50%, to the 9.60% indicated cost of common equity to the proxy group, 

results in a cost of common equity of 10.73% to AWC. When rounded, Ms. Ahern's 

recommended cost of common equity for AWC is 10.75%. 
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4. 

3. 

4. 

ARIZONA WATER COMPANY 

Direct Testimony of 

Pauline M. Ahern 

Introduction 

PLEASE STATE YOUR NAME, OCCUPATION AND BUSINESS ADDRESS. 

My name is Pauline M. Ahern. I am a Partner with Sussex Economic Advisors, 

LLC. My business address is 161 Worcester Road, Suite 503, Framingham, MA 

01701. My mailing address is 3000 Atrium Way, Suite 241, Mount Laurel, NJ 

08054. 

PLEASE SUMMARIZE YOUR PROFESSIONAL EXPERIENCE AND 

EDUCATIONAL BACKGROUND. 

I have offered expert testimony on behalf of investor-owned utilities before 

twenty-nine state regulatory commissions in the United States as well as one 

provincial regulatory commission in Canada on rate of return issues, including 

but not limited to common equity cost rate, fair rate of return, capital structure 

issues, relative investment risk and credit quality issues. I am a graduate of 

Clark University, Worcester, MA, where I received a Bachelor of Arts degree with 

honors in Economics. I have also received a Master of Business Administration 

with high honors and a concentration in finance from Rutgers University. 

On behalf of the American Gas Association ("A.G.A."), I calculate the 

A.G.A. Gas Index, which serves as the benchmark against which the 

performance of the American Gas Index Fund ("AGIF") is measured monthly. 

The A.G.A. Gas Index and AGIF are a market capitalization weighted index and 

mutual fund, respectively, comprised of the common stocks of the publicly traded 

corporate members of the A.G.A. 

I am a member of the Society of Utility and Regulatory Financial Analysts 

('SURFAI) where I serve on its Board of Directors, having served two terms as 
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President, from 2006 - 2008 and 2008 - 2010. Previously, I held the position of 

Secretary/Treasurer from 2004 - 2006. In 1992, I was awarded the professional 

designation "Certified Rate of Return Analyst" (TRRAI) by SURFA, which is 

based upon education, experience and the successful completion of a 

com p re hensive written exam i nat ion. 

I am also an associate member of the National Association of Water 

Companies, serving on its Finance/Accounting/Taxation and Rates and 

Regulation Committees; a member of the Advisory Council of the Financial 

Research Institute - University of Missouri - Robert J. Trulaske, Sr. College of 

Business; a member of the American Finance and Financial Management 

Associations; a member of Edison Electric Institute's Cost of Capital Working 

Group; and a member of A.G.A.'s State Affairs Committee. 

WHAT IS THE PURPOSE OF YOUR TESTIMONY? 

My testimony addresses the overall fair rate of return, including the appropriate 

investor-required return on common equity, which Arizona Water Company 

("AWC" or "Company") should be afforded the opportunity to earn on the fair 

value rate base of its Western Group. 

WHAT IS YOUR RECOMMENDED COMMON EQUITY COST RATE? 

I recommend that the Arizona Corporation Commission ("ACC" or "the 

Commission") authorize the Company the opportunity to earn an overall rate of 

return of 8.93%, including a common equity cost rate of 10.75%, on its Western 

Group fair value rate base. A common equity cost rate of 10.75% results in an 

overall rate of return of 8.93% when applied to a common equity ratio of 53.69% 

at December 31, 2014, shown on Schedule D-I of the Company's application, as 

summarized in Table 1 below: 
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Table 1 

Type of Capital Ratios Cost Rate Weighted Lost Rate 

Long-Term Debt 46.31 % 6.82% 3.16% 
Common Equity 53.69% 10.75% 5.77% 

Total 100.00% 8.93% 

HAVE YOU PREPARED EXHIBITS THAT SUPPORT YOUR RECOMMENDED 

COMMON EQUITY COST RATE? 

Yes. They are Exhibits PMA-1 through PMA-9. 

Summary 

PLEASE SUMMARIZE YOUR RECOMMENDED COMMON EQUITY COST 

RATE. 

My recommended common equity cost rate of 10.75% is summarized on page 2 

of Exhibit PMA-1. Because AWC's common stock is not publicly traded, a 

market-based common equity cost rate cannot be directly observed for the 

Company. Consequently, I have assessed the market-based common equity 

cost rates of companies of relatively similar, but not necessarily identical risk, i.e., 

a proxy group, for insight into a recommended common equity cost rate 

applicable to AWC. Using companies of relatively similar risk as proxies is 

consistent with the principle of fair rate of return established in the Hope' and 

Bluefield cases, adding reliability to the informed expert judgment necessary to 

arrive at a recommended common equity cost rate. However, because no proxy 

is identical in risk to AWC, the proxy group's results must be adjusted, as 

necessary, to reflect the unique relative investment (financial and / or business) 

risk of the Company. 

Federal Power Commission v. Hope Natural Gas Co., 320 U.S. 591 (1 944). 
Bluefield Water Works lmprovernent Co. v. Public Serv. Cornrn'n, 262 U.S. 679 (1922). 
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My recommendation results from the application of market-based cost of 

common equity models, the Discounted Cash Flow ("DCF") approach, the Risk 

Premium Model ("RPM") and the Capital Asset Pricing Model ('CAPMI'), to the 

market data of the proxy group of eight publicly traded water companies whose 

selection will be discussed below. 

The results derived from each are as follows: 

Table 2 

Discounted Cash Flow Model 
Risk Premium Model 
Capital Asset Pricing Model 

Indicated Common Equity 
Cost Rate 

Credit Risk Adjustment 

Business Risk Adjustment 

Indicated Common Equity Cost Rate 

Recommended Common Equity Cost Rate 

Proxy 
Group of 
Water 

Companies 

8.64% 
10.76 
9.58 

9.60% 

0.63 

0.50% 

10.73% 

10.75% 
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4. 

After reviewing the cost rates based upon these models, I conclude that a 

common equity cost rate of 9.60% is indicated before any adjustment for credit 

and business risks arising from AWC's likely Moody's bond rating in the Baa2 

rating category and greater unique business risks relative to the proxy group of 

eight publicly traded water companies, as discussed in more detail below and in 

the direct testimony of Mr. Garfield. Thus, the indicated common equity cost rate 

based upon the eight publicly traded water companies needs to be adjusted 

upward by 0.63% for credit risk and 0.50% to reflect AWC's increased unique 

business risk, as noted above. The details of these adjustments will be 

discussed below. After adjustment, the indicated credit and business risk- 

adjusted common equity cost rate is 10.73%, which when rounded to 10.75%, is 

my recommended common equity cost rate and in my opinion, is reasonable, if 

not conservative. 

General Comments On Caoital Market Conditions 

PLEASE DESCRIBE CURRENT CAPITAL MARKET CONDITIONS. 

The U.S. economy is slowly recovering from the Great Recession of 2008 - 

2009, with the Federal Reserve Bank's ("Fed") Federal Open Market Committee 

("FOMC") having tapered off and ended its quantitative easing3 while maintaining 

the Federal Funds ("Fed Funds") rate and discount rate at record lows until 

certain economic thresholds are met and maintained for an undefined period. As 

a result, the stock market has recovered remarkably, with the Dow Jones 

Industrial Average ("DOW') up approximately 175% from the lows of early March 

2009, notwithstanding the DOWs recent volatility. 

In its June 12, 2015, Selection & Opinion, Value Line lnvesfmenf Survey 

("Value Line3 notes that the economy has some catching up to do as it moves 

into mid-2015. However, Value Line notes that positive trends will continue 

relative to Gross Domestic Product ("GDP") and the strong U.S. dollar despite 

Purchase of mortgage backed securities. 
8 
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the challenge facing the Fed to achieve a soft monetary landing after years of 

record low interest rates4 

The cost of capital, including the cost of common equity, is expectational in 

nature. So, expected interest rates are relevant to rate of return analyses, the 

current historically low interest rates are not. As noted by Value Line below, 

interest rates are expected to rise, and it is a matter of when, not if. On May 22, 

2015, Value Line published its Quarterly Forecast for the U.S. Economy in its 

Selection & Opinion. Value Line projects interest rates to rise significantly by 

2019. Specifically, the yield on the 3-month Treasury Bills is expected to rise 

from 0.01%5 (June 3, 2015) to 3.5% in 201g6. Value Line expects the yield on 

long-term U.S. Treasury securities to rise from 3.10% (June 3, 2015) to 4.5% in 

2019, and the prime rate to rise from 3.25% (June 3, 2015) to 6.0% in 2019. 

In fact, the yield on 30-year U.S. Treasury securities has already risen 53 

basis points (0.53%) during the last three months, from its February average of 

2.57%, as shown on page 9 of Exhibit PMA-7, to the 3.10% noted above. 

Likewise, as shown on page 4 of Exhibit PMA-7, the average yield on Moody's A- 

rated public utility bonds has risen 43 basis points (0.43%), from its March 2015 

average of 3.74% to 4.17% in May 2015. As noted below, the Fed considers 

recent levels of interest rates as below the longer-term "normal." 

Clearly, the capital markets are reflecting both the recent historically low 

interest rate environment engineered by the Fed plus an expectation of rising 

interest rates. The Fed's engineering of interest rates impacts the measurement 

of the cost of capital, specifically the investor required return on common equity. 

HOW DOES THE FED'S ENGINEERING OF INTEREST RATES AFFECT THE 

TRADITIONAL COST OF COMMON EQUITY MODELS? 

The traditional cost of common equity models (e.g., the DCF, RPM, and CAPM) 

Value Line lnvesfmenf Survey, Selection & Opinion, June 12, 2015, 4173. 
Value Line, June 12, 2015, 4181. 
Value Line lnvesfmenf Survey, Selection & Opinion, May 22, 2015, 421 1. 
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do not accurately or reliably capture the investors' required return under current 

economic and capital market conditions, which include artificially and historically 

low interest rates. The fact that such low interest rates are below the long-run 

"norm" is corroborated by the FOMC's own statements in the press release it 

issued following its latest meeting on April 28 - 29, 20157. In that press release 

the FOMC stated that "The Committee anticipates that it will be appropriate to 

raise the target range for the federal funds rate when it has seen further 

improvement in the labor market and is reasonably confident that inflation will 

move back to its 2 percent objective over the medium term". . . and "economic 

conditions may, for some time, warrant keeping the target federal funds rate 

below levels the Committee views as normal in the longer run." Clearly, the 

FOMC anticipates that it will raise the target range for the federal funds rate. 

Again, it is a matter of when, not if. 

The likelihood that the Fed will raise interest rates sooner rather than later 

is corroborated by the Vice Chair of the Fed, Stanley Fischer, who stated in an 

interview with CNBC on April 16, 201 58: 

We expect that the markets look ahead somewhat, so I think - I 
hope -that they are taking into account that the Fed, at some point, 
is likely to raise the interest rate, [markets] can't depend on the 
current situation continuing forever - or even probably - beyond the 
end of this year. [Emphasis added] 

In fact, Fed chairwoman Janet Yellen said on May 22, 2015', "that she 

expects the central bank to begin raising interest rates later this year as the 

economy continues to improve over the coming months." In addition, Globe Staff 

& Wire Services also reports that "Earlier, economists predicted the first increase 

would come in June, but following a slowdown over the winter, many now 

Board of Governors of the Federal Reserve System, Press Release, April 29, 2015. 
"Fed's Fischer: Economy in A I  was 'poor,' but rebound coming," www.cnbc.com/id/IO2589051 
Globe Staff and Wire Services, May 22,2015 
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forecast that a rate hike will not happen before September." Paul Ashworth, chief 

US economist at Capital Economics was quoted as saying that, "Assuming that 

economic growth does rebound, we don't think the Fed can wait any longer than 

September." 

These artificially low interest rates have led some analysts to the faulty 

conclusion that current capital costs are low and will continue to be so. These 

analysts are mistaken. Their conclusion only holds true under the hypothesis of 

Perfectly Competitive Capital Markets (IIPCCMI') and the classical valuation 

framework which, under normal economic conditions, underpins the traditional 

cost of common equity models. PCCM are capital markets where no single 

trader, known as a "market-mover", would have the power to change the prices 

of goods or services, including bond and common stock securities. In other 

words, under the PCCM hypothesis, no single trader would have a significant 

impact on market prices. Classic valuation theory means that investors would 

trade securities rationally with prices reflecting their perceptions of value. 

However, although the Fed has always had the ability to set the Fed Funds and 

discount rates, it has been maintaining below normal rates to stimulate continued 

economic and capital market recovery. Thus, it is logical to conclude that the Fed 

is acting as that market-mover, which has a significant impact on the market 

prices of both bonds and stocks. The presence of a market-mover like the Fed in 

the current capital markets invalidates the PCCM, which is the foundation of the 

traditional cost of common equity models. This is corroborated by Michael K. Farr 

of CNBC, who stated": 

It seems like an eternity since the markets have behaved 'normally.' 
For at least the past 6 - 7 years, there has been a whollv different 
driver of supply and demand in the stock market. Market peaks 
and valleys have been clearly and unambiguously correlated to the 
various pronouncements of monetary support by the Federal 

Michael K. Farr, President, Farr, Miller & Washington, LLC, "Goldilocks lives! Time for Fed to 
stand down", www.cnbc.com/id/lOl888234 August 5, 201 5. 
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Reserve. The financial market distortions created by the Fed will 
have a ,dstina impact on the economy for years to come." 
(emphasis added) 

In addition, relative to an April 15, 2015 interview with CNBC's "Squawk 

Box", former U.S. Treasury Secretary Hank Paulson, noted": 

... that stocks and other assets need to start to trade again on "real 
economic[s]," arguing the Federal Reserve should hike interest 
rates sooner rather than later. 

* * *  

He acknowledged the "disortational [sic] effects" of the Fed's easy 
money policies, which have benefited investors by pumping up 
assets, while hurting savers and Americans on fixed incomes. 

In such a capital market, it is more important than ever to use projected 

data, including interest rates, growth rates and equity risk premiums, as well as 

multiple cost of common equity models, which will enhance the exercise of the 

informed expert judgment required of a rate of return analyst. It is also important 

to note that, due to the low interest rate environment, coupled with the Fed acting 

as a market-mover, the traditional cost of common equity models (DCF, RPM 

and CAPM) will have a tendency to understate the investor required cost of 

common equity. Consesequently, the results of these cost of common equity 

models, including those presented in this analysis, are particularly conservative 

estimates (Le. on the low side) of the investor required rate of return on common 

equity. In my opinion, the results of traditional cost of common equity models1* 

should be viewed with even greater scrutiny under current economic and capital 

market cond i tions . 

"I worry about Fed-induced asset bubbles: Paulson," www.cnbc.com/id/l02588168. 
Discounted Cash Flow, Risk Premium and Capital Asset Pricing Models. 
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IV. 

Q. 

4. 

J .  

3. 

9. 

General P ri nci ples 

WHAT GENERAL PRINCIPLES HAVE YOU CONSIDERED IN ARRIVING, 

YOUR RECOMMENDED COMMON EQUITY COST RATE OF 10.75%? 

In unregulated industries, the competition of the marketplace is the princi, 

determinant of the price of products or services. For regulated public utilitil 

regulation must act as a substitute for marketplace competition. Assuring tl 

the utility can fulfill its obligation to provide safe and reliable service at all tin 

requires a level of earnings sufficient to maintain the integrity of preser 

invested capital, as well as permitting the attraction of needed new capital a 

reasonable cost in competition with other firms of comparable risk. This 

consistent with the fair rate of return standards established by the U.S. Suprei 

Court in the Hope and Bluefield cases. Consequently, marketplace data must 

relied upon in assessing a common equity cost rate appropriate for ratemak 

purposes. Therefore, my recommended common equity cost rate is based UP 

marketplace data of a proxy group of utilities as similar in risk as possible 

AWC, based upon selection criteria discussed below. The use of the marl 

data of a proxy group adds reliability to the informed expert judgment that 

required in arriving at a recommended common equity cost rate. Likewise, i 

use of multiple common equity cost rate models adds reliability when arriving a 

recommended common equity cost rate. 

Business Risk 

PLEASE DEFINE BUSINESS RISK AND EXPLAIN WHY IT IS IMPORTANT ' 

THE DETERMINATION OF A FAIR RATE OF RETURN. 

Business risk is important to the determination of a fair rate of return because i 

greater the level of risk, the greater the rate of return investors demai 

consistent with the basic financial principle of risk and return. Business risk is 1 

riskiness of a company's common stock without the use of debt and/or prefer1 

capital. Examples of the general business risks faced by all utilities (Le., electi 
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Q. 

4. 

natural gas distribution and water utilities) include, but are not limited to, the 

quality of management, the regulatory environment, customer mix and 

concentration of customers, service territory economic growth, capital intensity 

and size, all of which have a direct bearing on earnings. An individual utility may 

face different levels of one or more particular business risks. 

WHAT BUSINESS RISKS DOES THE WATER UTILITY INDUSTRY IN 

GENERAL FACE TODAY? 

Water is essential to life and unlike electricity or natural gas, water is the only 

utility product which is intended for customers to ingest. Consequently, water 

quality is of paramount importance to the health and well-being of customers and 

is therefore subject to additional and increasingly stringent health and safety 

regulations. Beyond health and safety concerns, water utility customers also 

have significant aesthetic concerns regarding the water delivered to them, with 

regulators paying close attention to these concerns because of the strong 

feelings they evoke in consumers. Also, unlike many electric and natural gas 

utilities, water utilities serve a production and treatment function in addition to the 

delivery functions served by electric and gas utilities. 

Water utilities obtain supply from wells, aquifers, surface water reservoirs 

or streams and rivers. Throughout the years, well supplies and aquifers have 

been environmentally threatened, with historically minor purification treatment 

giving way to major well rehabilitation, extensive treatment or replacement. 

Simultaneously, Safe Drinking Water Act ("SDWA') quality standards have 

tightened considerably, requiring multiple treatments prior to water delivery. 

Supply availability is also limited by drought, water source overuse, runoff, 

threatened species and habitat protection, and other operational, political and 

environmental factors. In addition, the United States Environmental Protection 

Agency ("EPA'), as well as individual state and local environmental agencies, are 

continually monitoring potential contaminants in the water supply and 
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promulgating or expanding regulations when necessary. Increasingly stringent 

environmental standards necessitate additional capital investment in the 

distribution and treatment of water, exacerbating the pressure on water utilities' 

free cash flows through increased capital expenditures for infrastructure, repair 

and replacement. In the course of procuring water supplies and treating water so 

that it complies with SDWA standards, water utilities have an ever-increasing 

responsibility to be stewards of the environment from which supplies are drawn, 

in order to preserve and protect essential natural resources of the United States. 

Water utilities are typically vertically engaged in the entire process of 

acquisition, supply, production, treatment and distribution of water. In contrast, 

electric and natural gas companies, where transmission and distribution is 

generally separate from generation, do not produce the electricity or natural gas 

which they transmit and distribute. Hence, water utilities require significant 

capital investment not only in distribution and transmission systems but also in 

sources of supply (surface and groundwater), production (wells), and storage. 

Significant capital investment is necessary both to serve additional customers 

and to replace aging systems, creating a major risk facing the water utility 

industry. 

Value Line lnvesfment Survey ("Value Line")'3 observes the following 

about the water utility industry: 

The water infrastructure in the United States is in need of a major 
overhaul. Capital improvements have been deferred by just about 
every water system for years, if not decades. Large sums of money 
will be required to remove and replace old pipeline distribution 
sys tem s . 

* * * *  

To finance the projected capital outlays, water utilities will be forced 
to issue new debt and equity. Currently, most of these companies 

Value Line Investment Survey, April 17, 2015 p 1781. 
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have decent balance sheets. . . . Over the next three- to five-year 
period, we expect the financial metrics of the industry to decline 
somewhat. Still, there doesn’t appear to be any one utility that is 
expected to become highly leveraged during this period. 

In addition, because the water utility industry is more capital-intensive than 

the electric, combination electric and gas, or natural gas utilities, the investmenl 

required to produce a dollar of revenue is greater. For example, as shown on 

page 1 of Exhibit PMA-2, it took $3.95 of net utility plant on average to produce 

$1.00 in operating revenues in 2014 for the water utility industry as a whole. For 

AWC specifically, it took a much greater $5.06 of net utility plant to produce 

$1.00 in operating revenues in 2014. In contrast, for the electric, combination 

electric and gas, and natural gas utility industries, on average it took only $2.65, 

$2.18 and $1.69, respectively, to produce $1.00 in operating revenues in 2014. 

As financing needs have increased and will continue to increase, the competition 

for capital from traditional sources has increased and will also continue to 

increase, making the need to maintain financial integrity and the ability to attract 

needed new capital increasingly important. 

WHY IS THERE AN INCREASED NEED FOR FINANCING? 

There are a number of challenges facing the water utility industry. The National 

Association of Regulatory Utility Commissioners (IINARUCII) has highlighted the 

challenges facing the water utility industry stemming from its capital intensity. 

NARUC’s Board of Directors adopted the following resolution in July 201 3.14 

WHEREAS, There is both a constitutional basis and judicial 
precedent allowing investor owned public water and wastewater 
utilities the opportunity to earn a rate of return that is reasonably 
sufficient to assure confidence in the financial soundness of the 
utility and its ability to provide quality service; and 

WHEREAS, Through the Resolution Supporting Consideration of 
Regulatory Policies Deemed as “Best Practices“ (2005), the 

“Resolution Supporting Consideration of Regulatory Policies Deemed as ‘Best Practices”’, 
Sponsored by the Committee on Water. Adopted by the NARUC Board of Directors, July 201 3. 
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National Association of Regulatory Utility Commissioners (NARUC) 
has previously recognized the role of innovative regulatory policies 
and mechanisms in the ability for public water and wastewater 
utilities to address significant infrastructure investment challenges 
facing water and wastewater system operators; and 

* * *  

WHEREAS, Recent analysis shows that as compared to other 
regulated utility sectors, significant and widespread discrepancies 
continue to be observed between commission authorized returns 
on equity and observed actual returns on equity among regulated 
water and wastewater utilities; and 

WHEREAS, The extent of such discrepancies suggests the 
existence of challenges unique to the regulation of water and 
wastewater utilities: and 

* * *  

WHEREAS, Deficient returns present a clear challenge to the 
ability of the water and wastewater industry to attract the capital 
necessary to address future infrastructure investment requirements 
necessary to provide safe and reliable service, which could exceed 
one trillion dollars over a 20-year period; and 

WHEREAS, The NARUC Committee on Water recognizes the 
critical role of the implementation and the effective use of sound 
regulatory practice [sic] and the innovative regulatory policies 
identified in the Resolution Supporting Consideration of Regulatory 
Policies Deemed as "Best Practices"; and 

* * *  

RESOLVED, That the Board of Directors of the National 
Association of Regulatory Utility Commissioners, convened at its 
201 3 Summer Meeting in Denver, Colorado, identifies the 
implementation and effective use of sound regulatory practice [sic] 
and the innovative regulatory policies identified in the Resolution 
Supporting Consideration of Regulatory Policies Deemed as "Best 
Practices" (2005) as a critical component of a water and/or 
wastewater utility's reasonable ability to earn its authorized return; 
and be it further 

RESOLVED, That NARUC recommends that economic regulators 
ca refu II y consider and implement appropriate rate ma king 
measures as needed so that water and wastewater utilities have a 
reasonable opportunity to earn their authorized returns within their 
jurisdictions.. . 
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Q. 

A. 

AWC itself is facing significant capital expenditures as it projects total 

capital investment needs of $82.5M for 2015 - 2017 (shown on Schedule F-3 of 

AWC application), representing an increase of more than 25% over 2014 net 

plant of $326.8M. 

PLEASE CONTINUE YOUR DISCUSSION OF BUSINESS RISKS. 

Coupled with its capital-intensive nature, the water utility industry also 

experiences lower relative depreciation rates. Given that depreciation is one of 

the principal sources of internal cash flows for all utilities, lower depreciation 

rates mean that water utility depreciation as a source of internally-generated 

cash is far less than for electric, combination electric and gas or natural gas. 

Water utility assets have longer lives and, hence, longer capital recovery periods. 

As such, water utilities face greater risk due to inflation which results in a higher 

replacement cost per dollar of net plant than for other types of utilities. As shown 

on page 2 of Exhibit PMA-2, water utilities experienced an average depreciation 

rate of 3.0% for 2014, with AWC experiencing a lower rate of 2.67%. In contrast, 

in 2014, the electric, combination electric and gas, and natural gas utilities 

experienced average depreciation rates of 3.3%, 3.4% and 3.7%, respectively. 

Low depreciation rates (i.e. low cash flows) signify that the pressure on cash 

flows remains significantly greater for water utilities than for other types of 

uti I it ies. 

Not only is the water utility industry historically capital intensive, it is 

expected to incur significant capital expenditure needs over the next 20 years. 

In 201 1, the EPA stated the f~ l lowing: ‘~  
The survey estimated a total national infrastructure need of $384.2 
billion for the 20-year period from January 201 1 through December 
2030. 

* * *  

l 5  “Fact Sheet: “EPAs 201 1 Drinking Water Infrastructure Needs Survey and Assessment,” 
United States Environmental Protection Agency, Office of Water, April 201 3. 
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Q. 

A. 

The large magnitude of the national need reflects the challenges 
confronting water systems as they deal with an infrastructure 
network that has aged considerably since these systems were 
constructed, in many cases, 50 to 100 years ago. 

* * *  

With $247.5 billion in needs over the next 20 years, transmission 
and distribution projects represent the largest category of need. 
This result is consistent with the fact that transmission and 
distribution mains account for most of the nation's water 
infrastructure. The other categories, in descending order of need 
are: treatment, storage, source and a miscellaneous category of 
needs called "other". 

FROM WHERE WILL THE NECESSARY CAPITAL TO FUND THIS LEVEL OF 

INFRASTRUCTURE REPLACEMENT BE RAISED? 

This question highlights the importance of capital attraction. Water utility capital 

expenditures as large as those projected by the EPA will require significant 

amounts of financing. The three sources typically used for financing are debt, 

equity (common and preferred) and internally generated cash flow. All three are 

intricately linked to the opportunity to earn a sufficient rate of return as well as the 

ability to actually achieve that return. Consistent with Hope and Bluefield, the 

return must be sufficient to maintain credit quality as well as enable the attraction 

of necessary new capital, be it debt or equity capital. If unable to raise debt or 

equity capital, the utility must turn to either retained earnings or free cash flow 

[operating cash flow minus capital expenditures], both of which are directly linked 

to earning a sufficient rate of return. The level of free cash flows represents the 

financial flexibility of a company or a company's ability to meet the needs of its 

debt and equity holders. If either retained earnings or free cash flows are 

inadequate, it will be nearly impossible for the utility to attract the necessary new 

capital, on reasonable terms, to invest in needed new infrastructure. It is thus 

clear that an insufficient rate of return can be financially devastating for utilities 

and for their customers. 
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Q. 

4. 

3. 

4. 

In view of the foregoing, the water utility industry's high capital intensity 

and low depreciation rates, coupled with the need for substantial infrastructure 

capital spending, makes the need to maintain financial integrity and the ability to 

attract needed new capital increasingly important in order for water utilities to be 

able to successfully meet the challenges they face. 

WHAT ARE THE BENEFITS TO THE COMPANY OF BEING ALLOWED THE 

OPPORTUNITY TO EARN A SUFFICIENT ROE? 

The benefit to the Company of earning a sufficient ROE is that it provides the 

Company with improved cash flow, thus improving its creditworthiness and 

providing the ability to improve its retained earnings balance. This will allow 

AWC to issue less long-term debt than would otherwise be necessary. If the 

Company is required to increase borrowing because the allowed ROE is 

insufficient, it will incur a corresponding increase in financial risk, along with its 

cost of debt and its cost of common equity. This is consistent with the basic 

financial principle of risk and return, Le., that the greater the perceived risk, the 

greater the investor required return. 

HAS THE COMMISSION FOUND THAT THE MAGNITUDE OF 

INFRASTRUCTURE REPLACEMENTS AND IMPROVEMENTS REQUIRED BY 

AWC NECESSITATES AN INCREASED ROE? 

Yes. In AWC's recent general rate proceeding for its Eastern Group the 

Commission concluded that "the Eastern Group, due to the age of some of its 

systems and the resulting need for infrastructure replacement and improvement, 

necessitates a somewhat higher [authorized ROE].I6 Further, the Commission 

recognized in AWC's Eastern Group rate proceeding that an increased ROE "will 

assist the Company in attracting the capital necessary to fund the costs of 

replacing the Eastern Group's unique and extraordinary needs related to its aging 

Decision No. 73736, page 61, lines 11 - 17. 6 
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9. 

4. 

Q. 

4. 

infrastr~cture."'~ In that proceeding, AWC's estimated total cost to replace aging 

infrastructure in the Eastern Group was $67 million. As presented by Mr. 

Schneider in Section Vlll of his direct testimony, the estimated total cost to 

replace aging infrastructure in AWC's Western Group is $56 million. This is in 

addition to AWC's total projected capital investment needs of $82.5M for 2015 - 

2017 (shown on Schedule F-3 off AWC application), cited above. 

DOES AWC FACE ADDITIONAL BUSINESS RISK? 

Yes. AWC faces additional unique business risks due to declining sales which, 

when combined with an inverted-tier rate design, cause revenues to fall short of 

costs. Additionally, the impact of SDWA compliance as it relates to arsenic and 

nitrates, as explained by Mr. Garfield in Section V of his direct testimony, has a 

much greater impact on AWC than on other water utilities in other parts of the 

country and Arizona. Finally, AWC's small size relative to the proxy group results 

in increased business risk. 

As discussed above, the greater the level of risk, the greater the rate of 

return required by investors, consistent with the basic financial precept of risk 

and return. Therefore an upward adjustment to the indicated common equity 

cost rate is necessary to reflect AWC's unique risks, and will be discussed below. 

HOW DOES AWC'S SMALLER SIZE INCREASE ITS BUSINESS RISK 

RELATIVE TO THE PROXY GROUP? 

As I discuss below, AWC's smaller size, $161.959 million in total capitalization, 

shown on Exhibit PMA-3, relative to the average total capitalization of $2.229 

billion for the eight publicly traded water companies, shown on Exhibit PMA-4, 

page 1, indicates greater relative business risk because all else being equal, size 

has a bearing on risk. Further evidence that smaller firms are more risky is the 

fact that investors demand greater returns to compensate for the lack of 

marketability and liquidity of the securities of smaller firms. The fact that it is the 

Decision No. 74463, page 42, lines 19 - 21 17 
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J.  

9. 

4. 

use of funds invested, and not the source of those funds, which gives rise to the 

risk of any investment is a basic financial principle.18 

Brigham,lg a well known authority, states: 

A number of researchers have observed that portfolios of 
small-firms have earned consistently higher average returns than 
those of large-firms stocks; this is called "small-firm effect." On the 
surface, it would seem to be advantageous to the small firms to 
provide average returns in a stock market that are higher than 
those of larger firms. In reality, it is bad news for the small firm; 
what the small-firm effect means is that the capital market demands 
higher returns on stocks of small firms than on otherwise similar 
stocks of the large firms. (italics added) 

Consistent with the financial principle of risk and return discussed above, 

such increased risk due to small size must be taken into account in the allowed 

rate of return on common equity. Therefore, the Commission should authorize a 

cost of equity in this proceeding that appropriately reflects AWC's relevant unique 

risks, including the impact of its small size. 

Financial Risk 

PLEASE DEFINE FINANCIAL RISK AND EXPLAIN WHY IT IS IMPORTANT 

TO THE DETERMINATION OF A FAIR RATE OF RETURN. 

Financial risk is the additional risk created by the introduction of senior capital, 

i.e., debt and preferred stock, into the capital structure. The higher the proportion 

of senior capital in the capital structure, the higher the financial risk which must 

be factored into the common equity cost rate, consistent with the previously 

mentioned basic financial principle of risk and return, i.e., investors demand a 

higher common equity return as compensation for bearing higher investment risk. 

Brealey, Richard A. and Myers, Stewart C., Principles of Corporate Finance (McGraw-Hill Book 
Company, 1996) 204-205,229. 
Brigham, Eugene F., Fundamentals of Financial Manaqement, Fifth Edition (The Dryden Press, 1989) 
623. 
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Q. 

A. 

VI. 

Q. 

A. 

CAN THE COMBINED BUSINESS RISKS (LE., INVESTMENT RISK) OF AN 

ENTERPRISE BE PROXIED BY BOND AND CREDIT RATINGS? 

Yes, similar bond/issuer credit ratings reflect and are representative of similar 

combined business and financial risks, Le., total risk faced by bond investors. 

Although specific business or financial risks may differ between companies, the 

same bondkredit rating indicates that the combined risks are similar, albeit not 

necessarily equal (as the purpose of the bondkredit rating process is to assess 

credit quality or credit risk and not common equity risk). Riskdistinctions within 

Standard & Poor's ("S&P") bondlissuer rating categories are recognized by a 

plus or minus (i.e., within the A category, an S&P rating can be at A+, A, or A-). 

Similarly, risk distinctions for Moody's ratings are distinguished by numerical 

rating gradations (i.e., within the A category, a Moody's rating can be A I ,  A2 and 

A3). As shown on Exhibit PMA-7, page 5, the average S&P long-term issuer 

rating of the eight publicly traded water companies is A and the average Moody's 

long-term issuer rating is A2/A3. 

Arizona Water Company's Western Group 

HAVE YOU REVIEWED FINANCIAL DATA FOR AWC? 

Yes. AWC's Western Group, operating through six public water systems, 

provided water service to an average 31,691 retail customers during the test year 

ended December 31, 2014. The six public water systems include: the Pinal 

Valley, Stanfield, Tierra Grande and Coolidge Airport systems (collectively 

referred to as the Pinal Valley service area), serving a total of 28,723 customers; 

the White Tank system with 2,321 customers; and, the Ajo system with 647 

customers. 

The total Company serves approximately 86,500 customers in Cochise, 

Coconino, Gila, Maricopa, Navajo, Pima, Pinal and Yavapai counties. As shown 

on Exhibit PMA-3, during the five year period ending 2014, the achieved average 

earnings rate on book common equity for AWC (total company) was 8.00%. The 
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VII. 

Q. 

A. 

five-year ending 2014 average common equity ratio, based upon total permanent 

capital, was 51.83%. 

Total debt to EBITDA for the years 2010-2014 ranged between 2.64 and 

3.83 times, averaging 3.13 times. Funds from operations relative to total debt 

ranged from 18.51 % to 29.16%, averaging 24.36%. Funds from operations 

relative to interest ranged between 3.70 and 4.75 times, averaging 3.89 times. 

EBITDA relative to interest ranged between 3.98 and 6.16 times, averaging 5.20 

times. Cash flows from operations relative to total debt ranged between 19.65% 

and 26.44%, averaging 23.68%. Free operating cash flows relative to total debt 

ranged between 4.55% and 12.05%, averaging 8.74%. Discretionary cash flows 

relative to total debt ranged between a negative 2.11% and 6.34%, averaging 

2.48%. All of these metrics indicate greater credit risk for AWC compared to the 

proxy group. 

Proxy Group 

PLEASE EXPLAIN HOW YOU CHOSE THE PROXY GROUP OF EIGHT 

PUBLICLY TRADED WATER COMPANIES. 

I chose the proxy group by selecting those companies which meet the following 

criteria: I )  they are included in the Value Line's standard edition (April 17, 2015; 

2) they have 70% or greater of 2014 total operating income derived from, and 

70% or greater of 2014 total assets devoted to, regulated water operations; 3) at 

the time of the preparation of this testimony, they had not publicly announced 

that they were involved in any major merger or acquisition activity (i.e., one 

publicly-traded utility merging with or acquiring another); 4) they have not cut or 

omitted their common dividends during the five years ending 2014, or through the 

time of the preparation of this testimony; 5) they have a Value Line adjusted 

beta; and 6) they have Value Line, Reuters, Zacks or Yahoo! Finance, 

consensus five-year earnings per share (IIEPSII) growth rate projections. The 

following eight publicly traded water companies meet these criteria: American 
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Q. 
4. 

VIII. 

Q. 

4. 

States Water Co., American Water Works Co., Inc., Aqua America, Inc., 

California Water Service Group., Connecticut Water Service, Inc. , Middlesex 

Water Co., SJW Corp. and York Water Co. 

HAVE YOU REVIEWED FINANCIAL DATA FOR THE PROXY GROUP? 

Yes. Page 1 of Exhibit PMA-4 contains comparative capitalization and financial 

statistics for the eight publicly traded water companies for the years 201 0-2014. 

As shown on page 1, during the five-year period ending 2014, the 

historically achieved average earnings rate on book common equity for the group 

averaged 10.03%. The average common equity ratio based upon permanent 

capital (excluding short-term debt) was 51.24%, and the average dividend payout 

ratio was 60.82%. 

Total debt outstanding for the proxy group as a percent of EBITDA for the 

years 2010-2014 ranged between 3.65 and 4.55 times, averaging 4.01 times, 

while funds from operations relative to total debt range between 17.60% and 

25.83%, averaging 21.31%. 

Common Equity Cost Rate Models 

ARE THE COST OF COMMON EQUITY MODELS YO1 

MODELS? 

USE MARKET-BASED 

Yes. It is important to use market-based models because the cost of common 

equity is a function of investors' perception of risk, which is embodied in the 

market prices they pay. The DCF model is market-based in that market prices 

are utilized in developing the dividend yield component of the model. The RPM 

is market-based in that the bond ratings and expected bond yields used in the 

application of the RPM reflect the market's assessment of bondkredit risk. Also, 

market prices are used in the development of the returns and equity risk 

premiums used in the Predictive Risk Premium Model (IIPRPMII). In addition, the 

use of betas to determine the equity risk premium also reflects the market's 

assessment of marketkystematic risk, as betas are derived from regression 
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A. 

Q. 

A. 
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A. 

Q. 

analyses of market prices. The CAPM is market-based for many of the same 

reasons that the RPM is market-based (i.e., the use of expected bond (Treasury 

bond) yields and betas). 

A. 

WHAT IS THE THEORETICAL BASIS OF THE DCF MODEL? 

The theory underlying the DCF model is that the present value of an expected 

future stream of net cash flows during the investment holding period can be 

determined by discounting those cash flows at the cost of capital, or the 

Discounted Cash Flow Model ("DCF") 

investors' capitalization rate. DCF theory states that an investor buys a stock for 

an expected total return rate which is derived from cash flows received in the 

form of dividends plus appreciation in market price (the expected growth rate). 

Mathematically, the dividend yield on market price plus a growth rate equals the 

capitalization rate (Le., the total common equity return rate expected by 

investors) . 

WHICH VERSION OF THE DCF MODEL DO YOU USE? 

I utilize the single-stage constant growth DCF model. Because utilities, 

especially water utilities, are generally in the mature stage of their lifecycles and 

not transitioning from one growth stage to another, this version of the DCF model 

is appropriate. Further, in my experience, the single-stage constant growth DCF 

model is the most widely utilized version of the DCF in public utility rate 

regulation. 

PLEASE DESCRIBE THE DIVIDEND YIELD YOU USED IN YOUR 

APPLICATION OF THE DCF MODEL. 

The unadjusted dividend yields are based upon a recent (May 29, 2015) 

indicated dividend, divided by the average of closing market prices for the 60 

days ending May 29, 2015, as shown in Column [ I ]  on page 1 of Exhibit PMA-5. 

PLEASE EXPLAIN THE ADJUSTED DIVIDEND YIELD SHOWN ON PAGE 1 

OF EXHIBIT PMA-5, COLUMN [7]. 
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A. 

Because dividends are paid quarterly, or periodically, as opposed to continuously 

(daily), an adjustment must be made to the dividend yield. This is often referred 

to a5 the discrete, or the Gordon Periodic, version of the DCF model. 

DCF theory calls for the use of the full growth rate, referred to as D1, in 

calculating the dividend yield component of the model. However, since the 

various companies in the proxy group increase their quarterly dividend at various 

times during the year, a reasonable assumption is to reflect one-half the annual 

dividend growth rate in the dividend yield component, referred to as D112. This is 

a conservative approach because it does not overstate the dividend yield, which 

should be representative of the next twelve-month period. Therefore, the actual 

average dividend yields in Column [I ] ,  page 1 of Exhibit PMA-5, have been 

adjusted upward to reflect one-half the average projected growth rate shown in 

Column [6]. 

PLEASE EXPLAIN THE BASIS OF THE GROWTH RATES OF THE PROXY 

GROUP WHICH YOU USE IN YOUR APPLICATION OF THE DCF MODEL. 

Exhibit PMA-6 shows that on average, approximately 42% of the common shares 

of the eight publicly traded water companies are held by individuals as opposed 

to institutional investors. Individual investors, who tend to have more limited 

resources than institutional investors, are likely to place great significance on the 

opinions expressed by financial information services, such as Value Line, 

Reuters, Zacks and Yahoo! Finance, which are easily accessible and/or available 

on the Internet and through public libraries. Individual, as well as institutional, 

investors recognize that security analysts have significant insight into the 

dynamics of the industries and individual companies they analyze, as well as an 

entity's historical and future abilities to effectively manage the effects of changing 

laws and regulations and ever changing economic and market conditions. 
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4. 

3. 

4. 

Security analysts' earnings expectations have a significant, but not sole, 

influence on market prices and are therefore reasonable indicators of investor 

expectations.*' As noted by Morin2': 

Because of the dominance of institutional investors and their 
influence on individual investors, analysts' forecasts of long-run 
growth rates provide a sound basis for estimating required returns. 
Financial analysts exert a strong influence on the expectations of 
many investors who do not possess the resources to make their 
own forecasts, that is, they are a cause of g. 

Thus, the use of security analysts earnings growth rate forecasts in a DCF 

analysis provides a better matching between investors' market price appreciation 

expectations and the growth rate component of the DCF than other proxies for 

growth, e.g., historical EPS or dividend per share ("DPS") growth rates. 

PLEASE SUMMARIZE THE DCF MODEL RESULTS. 

As shown on page 1 of Exhibit PMA-5, the average result of the single-stage 

DCF model is 8.93%, while the median result is 8.35%. I have averaged these 

two results in arriving at a conclusion of a DCF-indicated common equity cost 

rate of 8.64% for the proxy group. By doing so, I have not only considered the 

DCF results for each company, but have not given undue weight to outliers on 

either the high or the low side. 

B. 

PLEASE DESCRIBE THE THEORETICAL BASIS OF THE RPM. 

The RPM is based upon the basic financial principle of risk and return (Le., that 

investors require greater returns for bearing greater risk). The RPM recognizes 

that common equity capital has greater investment risk than debt capital, 

The Risk Premium Model (mmRPMmm) 

as common equity shareholders are last in line in any claim on an entity's assets 

and earnings, behind debt holders. Therefore, investors require higher returns 

Roger A. Morin, New Requlatow Finance (Public Utility Reports, Inc., 2006) 298-303. 
Morin 298. 
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from investment in common stocks than from investment in bonds to compensate 

them for bearing the additional risk. 

While the investor required common equity return cannot be directly 

determined or observed, it is possible to directly observe bond returns and yields. 

According to RPM theory, one can assess a common equity risk premium over 

bonds, either historically or prospectively, and then use that premium to derive a 

cost rate of common equity. In summary, according to RPM theory, the cost of 

common equity equals the expected cost rate for long-term debt capital, plus a 

risk premium over that cost rate to compensate common shareholders for the 

added risk of being unsecured and last-in-line for any claim on a corporation’s 

assets and earnings. 

PLEASE EXPLAIN HOW YOU DERIVED YOUR INDICATED COST OF 

COMMON EQUITY BASED UPON THE RPM. 

I relied upon the results of the application of two risk premium methods. The first 

method is the Predictive Risk Premium Model (PRPM). The second method is a 

risk premium model using an adjusted total market approach. 

PLEASE EXPLAIN THE PRPM. 

The PRPM, published in the Journal of Regulatory Economics (JR€)22 and 

The Electricity Journal (T€J),23 was developed from the work of Robert F. Engle, 

who shared the Nobel Prize in Economics in 2003, “for methods of analyzing 

economic time series with time-varying volatility (“ARCH ) (with “ARCH” 

standing for autoregressive conditional heteroskedasticity). In other words, the 

I I  1124 

“A New Approach for Estimating the Equity Risk Premium for Public Utilities”, Pauline M. Ahern, 
Frank J. Hanley and Richard A. Michelfelder, Ph.D. The Journal of Requlatow Economics 
(December 201 I ) ,  40:261-278. 
“Comparative Evaluation of the Predictive Risk Premium ModelTM, the Discounted Cash Flow 
Model and the Capital Asset Pricing Model”, Pauline M. Ahern, Richard A. Michelfelder, Ph.D., 
Rutgers University, Dylan W. D’Ascendis, and Frank J. Hanley, The Electricitv Journal (May, 

www. nobelprize. org 
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volatility of stock returns and equity risk premiums changes over time and is 

related from one period to the next. Engle discovered that the volatility in market 

prices, returns, and equity risk premiums also clusters over time, making them 

highly predictable and available to predict future levels of risk and risk premiums. 

In other words, the predicted equity risk premium is derived from the prediction of 

volatility (risk). The PRPM estimates the risk / return relationship directly by 

analyzing the actual results of investor behavior, rather than using subjective 

judgment, as to the inputs required for the application of other cost of common 

equity models. Thus, the PRPM is not based upon an estimate of investor 

behavior, but rather upon the evaluation of the actual results of that behavior 

(i.e., the variance of historical equity risk premiums). 

The inputs to the model are the historical returns on the common shares 

of each publicly traded utility in the proxy group, minus the historical monthly 

yield on long-term U.S. Treasury securities, through May 2015. Using a 

generalized form of ARCH, known as GARCH, each water utility's projected 

equity risk premium was determined using EviewsO statistical software. The 

forecasted 30-year U.S. Treasury Bond yield of 3.7% according to the June 2, 

2015, Blue Chip Financial Forecasts (Blue Chip) consensus forecast for the six 

quarters ending with the third quarter 2016, was averaged with Blue Chip's long- 

range forecasts for 2017-2021 and 2022-2026, shown on pages 9 and 10 of 

Exhibit PMA-7. The risk-free rate of 3.69% was then added to each company's 

PRPM-derived equity risk premium to arrive at a PRPM-derived cost of common 

equity, as shown on page 2 of Exhibit PMA-7, which presents the average and 

median results for each proxy company. As shown on page 2, the average 

PRPM indicated common equity cost rate is 11.94%, while the median is 11.24% 

for the eight publicly traded water companies. Consistent with my use of the 

average of the average and median DCF results, I rely upon the average of the 
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A. 

average and median PRPM results of 11 59% (1 1.59% = (1 1.94% + 11.24%)/2) 

as my conclusion of the PRPM equity cost rate. 

PLEASE EXPLAIN THE ADJUSTED TOTAL MARKET APPROACH RPM. 

The adjusted total market approach RPM adds a prospective public utility bond 

yield to an equity risk premium, which is derived from a beta-adjusted total 

market equity risk premium and an equity risk premium based upon the S&P 

Utilities Index. 

PLEASE EXPLAIN THE BASIS OF THE ADJUSTED PROSPECTIVE BOND 

YIELD OF 5.06% APPLICABLE TO THE EIGHT PUBLICLY TRADED WATER 

COMPANIES, SHOWN ON PAGE 3 OF EXHIBIT PMA-7. 

The first step in the adjusted total market approach RPM analysis is to determine 

the expected bond yield. Because both ratemaking and the cost of capital, 

including the common equity cost rate, are prospective in nature, a prospective 

yield on long-term debt, similarly rated to the proxy group, is essential. Hence, I 

rely upon the June 1 , 201 5, Blue Chip consensus forecast of the expected yield 

on Aaa rated corporate bonds for the six calendar quarters ending with the third 

calendar quarter of 2016, averaged with Blue Chip's long-range forecasts for 

2017-2021 and 2022-2026 (shown on pages 9 and 10 of Exhibit PMA-7). As 

shown on Line No. 1 of page 3, the average expected yield on Moody's Aaa 

rated corporate bonds is 4.75%. An adjustment of 0.18% is necessary to adjust 

the average Aaa corporate bond yield to reflect an A rated public utility bond, as 

shown on Line No. 2 of the exhibit, resulting in an expected Moody's A rated 

public utility bond yield of 4.93%, shown on Line No. 3. 

Since the eight publicly traded water companies' average Moody's issuer 

rating is A2/A3, an additional adjustment of 0.13% is necessary to make the 

prospective bond yield applicable to the proxy group's average A2/A3 long-term 

issuer rating, as detailed in Note 3 on page 3 of Exhibit PMA-7. Therefore, the 
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Q. 

A. 

adjusted prospective bond yield is 5.06% for the eight publicly traded water 

companies, as shown on Line No. 5. 

PLEASE EXPLAIN THE METHOD OF ESTIMATING THE EQUITY RISK 

PREMIUM IN THE ADJUSTED TOTAL MARKET APPROACH. 

I evaluated the results of market equity risk premium studies based upon 

I bbotson Associates' data and Value Line's forecasted total annual market return 

in excess of the prospective yield on Moody's Aaa rated corporate bonds, as well 

as two different studies of the equity risk premium for public utilities with Moody's 

A rated bonds, as detailed on pages 8 and 11 of Exhibit PMA-7. As shown on 

Line No. 3, page 7 of Exhibit PMA-7, the average equity risk premium applicable 

to the eight publicly traded water companies is 4.87%. This estimate is the result 

of a beta-derived equity risk premium averaged with the average public utility 

equity risk premium based upon holding period returns relative to bonds rated A 

by Moody's. 

PLEASE EXPLAIN THE BASIS OF THE BETA-DERIVED EQUITY RISK 

PREMIUM. 

The basis of the beta-derived equity risk premium applicable to the proxy group 

is shown on page 8 of Exhibit PMA-7. The beta-derived equity risk premium is 

relevant because betas are derived from the market prices of common stocks 

over a recent five-year period. Beta is a measure of relative risk to the market as 

a whole and a logical means by which to allocate an entity's/proxy group's share 

of the total market's equity risk premium relative to corporate bond yields. 

The total market equity risk premium utilized is 6.44%, based upon an 

average of the long-term arithmetic mean historical market equity risk premium; a 

predicted market equity risk premium based upon the PRPM; a forecasted 

market equity risk premium based upon Value Line's projected market 

appreciation and dividend yield; and, a forecasted market equity risk premium 
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based upon the S&P 500's projected market appreciation and dividend yield, as 

detailed below and in Notes 1 through 4 on page 8 of Exhibit PMA-7. 

HOW DID YOU DERIVE THE LONG-TERM HISTORICAL MARKET EQUITY 

RISK PREMIUM? 

To derive the historical (expectational) market equity risk premium, I used the 

most recent data on holding period returns for large company common stocks 

from the Stocks, Bonds, Bill and Inflation lbbotson' SBBI' 2015 Market Report 

{"SBBI - 2015 Market Report")25, and the average historical yield on Moody's 

Aaa and Aa rated corporate bonds for the period 1926-2014. The use of holding 

period returns over a very long period of time is useful because it is consistent 

with the long-term investment horizon presumed by the DCF model. As 

explained in Note 1 on page 8 of Exhibit PMA-7, the long-term arithmetic mean 

monthly total return on large company common stocks of 12.07% and the long- 

term arithmetic mean monthly yield on Moody's Aaa and Aa rated corporate 

bonds of 6.18%, were used. As shown on Line No. 1, the resultant long-term 

historical equity risk premium on the market as a whole is 5.89%. 

I used arithmetic mean monthly total return rates for the large company 

stocks and yields (income returns) for Moody's Aaa/Aa corporate bonds, because 

they are appropriate for cost of capital purposes, as noted in the lbbotson' SBBI' 

2015 Classic Yearbook - Market Results for Stocks, Bonds, Bill and Inflation 

1926 - 2015 (''SSBI - 2015")26. Arithmetic mean return rates and yields are 

appropriate because ex-post (historical) total returns and equity risk premiums 

differ in size and direction over time, providing insight into the variance and 

standard deviation of returns. Because the arithmetic mean captures the 

prospect for variance in returns and equity risk premiums, it provides the valuable 

insight needed by investors in estimating future risk when making a current 

Stocks, Bonds, Bills and Inflation lbbotson@ SBBl@ 2015 Market ReDort, Morningstar, Inc., 2015. 
lbbotson@ SBBl@ 2015 Classic Yearbook - Market Results for Stocks, Bonds, Bills and Inflation 
1926 - 2014, Morningstar, Inc., 2015 153. 
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investment. Absent such valuable insight into the potential variance of returns, 

investors cannot meaningfully evaluate prospective risk. If investors alternatively 

relied upon the geometric mean of ex-post equity risk premiums, they would have 

no insight into the potential variance of future returns because the geometric 

mean relates the change over many periods of time to a constant rate of change, 

thereby obviating the period-to-period fluctuations, or variance, critical to risk 

analysis. 

Only the arithmetic mean takes into account of the returnslpremiums, 

hence, providing meaningful insight into the variance and standard deviation of 

those ret u rnslprem i ums. 

PLEASE EXPLAIN THE DERIVATION OF PRPM MARKET EQUITY RISK 

PREMIUM. 

The inputs to the model are the historical monthly returns on large 

company common stocks from the SBBl - 2015 Market Report, minus the 

monthly yields on Aaa and Aa corporate bonds during the period from January 

1926, through April 2015, consistent with the rationale for using the long-term 

historical arithmetic market equity risk premium, discussed above. Using the 

previously discussed generalized form of ARCH, known as GARCH, the market's 

projected equity risk premium was determined using EviewsO statistical software. 

The resulting predicted market equity risk premium based upon the PRPM is 

6.34%. 

PLEASE EXPLAIN THE DERIVATION OF A MARKET EQUITY RISK 

PREMIUM BASED UPON VALUE LINE'S 3-5 YEAR ESTIMATED MEDIAN 

TOTAL ANNUAL MARKET RETURN, MINUS THE PROSPECTIVE YIELD ON 

AAA RATED CORPORATE BONDS, IN YOUR DEVELOPMENT OF A 

MARKET EQUITY RISK PREMIUM FOR YOUR RPM ANALYSIS. 

Because both ratemaking and the cost of capital, including the cost rate of 

common equity, are prospective, a prospective market equity risk premium is 
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required. The derivation of the Value Line based forecasted or prospective 

market equity risk premium of 5.05% can be found in Note 3 on page 8 of Exhibit 

PMA-7. Consistent with the development of the dividend yield component of my 

DCF analysis, it is derived from an average of the most recent thirteen weeks 

ending May 29, 2015, 3-5 year estimated median market price appreciation 

potential from Value Line, plus an average of the median estimated dividend 

yield for the common stocks of the approximately 1,700 firms covered in Value 

Line's Standard Edition. 

The average median expected price appreciation is 35%, which translates 

to a 7.79% annual appreciation and, when added to the average (similarly 

calculated) median dividend yield of 2.01% equates to a forecasted annual total 

market return rate of 9.80%. The forecasted total market equity risk premium of 

5.05%, shown on Line No. 3, page 8 of Exhibit PMA-7, is derived by deducting 

the 4.75% prospective yield on Moody's Aaa rated corporate bonds, discussed 

previously, from the Value Line-derived projected market return of 9.80% (5.05% 

= 9.80% - 4.75%). 

PLEASE EXPLAIN THE DERIVATION OF THE MARKET EQUITY RISK 

PREMIUM BASED UPON THE S&P 500. 

Using data from Bloomberg Professional Service, an expected total return for the 

S&P 500 can be derived by adding the expected dividend yield for the S&P 500 

to long-term growth in earnings per share (as a proxy for capital appreciation). 

The expected total return for the S&P 500 is 13.22%. Subtracting the 

prospective yield on Moody's Aaa rated corporate bonds of 4.75% results in a 

8.47% projected market equity risk premium. 

In arriving at my conclusion of market equity risk premium of 6.44% on 

Line No. 5 on page 8 of the exhibit, I averaged the historical market equity risk 

premium of 5.89%; the PRPM based market equity risk premium of 6.34%; the 

Value Line-based forecasted market equity risk premium of 5.05%; and, the S&P 

35 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

I 9  

20 

21 

22 

23 

24 

25 

26 

27 

28 

a. 
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2. 

500 projected market equity risk premium of 8.47% shown on Line Nos. 1 

through 4. (6.44% = ((5.89% + 6.34% + 5.05% + 8.47%) / 4). 

WHAT IS YOUR CONCLUSION OF A BETA-DERIVED EQUITY RISK 

PREMIUM FOR USE IN YOUR RPM ANALYSIS? 

As shown on Exhibit PMA-8, the average of the average and median Value Line 

and Bloomberg betas for the eight publicly traded water companies average is 

0.77. Applying a beta of 0.77 to the market equity risk premium of 6.44%, on 

Line No. 5 of page 8 of Exhibit PMA-7, results in a beta adjusted equity risk 

premium of 4.96% for the eight publicly traded water companies. 

HOW DID YOU DERIVE THE 4.77% EQUITY RISK PREMIUM BASED UPON 

THE S&P UTILITY INDEX AND MOODY'S A RATED PUBLIC UTILITY 

BONDS? 

First, I derived the long-term monthly arithmetic mean equity risk premium for the 

S&P Utility Index total returns (10.69%) over monthly A rated public utility bond 

yields (6.48%) from 1928-2014 to arrive at an equity risk premium of 4.21%, as 

shown on Line No. 3, on page 11 of Exhibit PMA-7. I then performed the PRPM 

using historical monthly equity risk premiums from January 1928, through May 

2015, to arrive at the PRPM derived equity risk premium of 4.47%, shown on 

Line No. 4, on page 11. Finally, I derived the projected total return on the S&P 

Utilities Index using data from Bloomberg Professional Service of 10.55%, as 

explained in Footnote 4 on poll, and subtracted the prospective Moody's A rated 

public utility bond yield of 4.93% (Line No. 3 on page 3 of Exhibit PMA-7). The 

resulting equity risk premium is 5.62%. 

I rely upon the average of the historical (4.21%), the PRPM (4.47%) and 

S&P Utilities Index (5.62%) derived equity risk premiums, which is 4.77%. (4.77% 

= ((4.21% + 4.47% + 5.62%) / 3). 

WHAT IS YOUR CONCLUSION OF AN EQUITY RISK PREMIUM FOR USE IN 

YOUR ADJUSTED TOTAL MARKET APPROACH RPM ANALYSIS? 
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The equity risk premium applicable to the proxy group of eight publicly traded 

water companies is 4.87%. This was derived by averaging the beta-derived 

premium of 4.96% (calculated on page 8 of Exhibit PMA-7) with the equity risk 

premium of 4.77% based upon the holding period returns of public utilities with 

Moody's A rated bonds (calculated on page 11 of Exhibit PMA-7), as summarized 

on Line No. 3, page 7 of Exhibit PMA-7, (Le., (4.87% = (4.96% + 4.77%) / 2)). 

WHAT IS THE INDICATED RPM COMMON EQUITY COST RATE BASED 

UPON THE ADJUSTED TOTAL MARKET APPROACH? 

It is 9.93% for the eight publicly traded water companies, as shown on Line No. 

7, page 3 of Exhibit PMA-7 page 3. 

WHAT ARE THE RESULTS OF YOUR APPLICATION OF THE PRPM AND 

THE ADJUSTED TOTAL MARKET APPROACH RPM? 

As shown on page 1 of Exhibit PMA-7, the indicated RPM-derived common 

equity cost rate is 10.76%, derived by averaging the PRPM results with those 

based upon the adjusted total market approach. (10.76% = ((1 1.59% + 9.93%) / 

2). 

C. 

PLEASE EXPLAIN THE THEORETICAL BASIS OF THE CAPM. 

CAPM theory defines risk as the covariability of a security's returns with the 

market's returns as measured by beta (p). A beta less than 1.0 indicates lower 

variability while a beta greater than 1.0 indicates greater variability than the 

market. 

The Capital Asset Pricing Model ("CAPM") 

The CAPM assumes that all other risk, Le., all non-market or unsystematic 

risk, can be eliminated through diversification. The risk that cannot be eliminated 

through diversification is called market or systematic risk. In addition, the CAPM 

presumes that investors require compensation only for these systematic risks 

that are the result of macroeconomic and other events that affect the returns on 

all assets. The model is applied by adding a risk-free rate of return to a market 
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Q. 

risk premium, which is adjusted proportionately to reflect the systematic risk of 

the individual security relative to the total market, as measured by beta. The 

traditional CAPM model is expressed as: 

Rs = Rf + P(Rm - Rf) 

Where: Rs = Return rate on the common stock 

Rf = Risk-free rate of return 

Rm = Return rate on the market as a whole 

= Adjusted beta (volatility of the security 
relative to the market as a whole) 

P 

Numerous tests of the CAPM have measured the extent to which security 

returns and betas are related, as predicted by the CAPM, confirming the CAPM's 

validity. The empirical CAPM ("ECAPM") reflects the reality that, while the 

results of these tests support the notion that beta is related to security returns, 

the empirical Security Market Line ("SMLII) described by the CAPM formula is not 

as steeply sloped as the predicted SML.27 

In view of theory and practical research, I have applied both the traditional 

CAPM and the ECAPM to the companies in the proxy group, and averaged the 

resu Its. 

PLEASE DESCRIBE YOUR SELECTION OF THE BETA COEFFICIENT FOR 

YOUR CAPM ANALYSIS? 

I relied upon an average of the adjusted betas published by the Value Line and 

provided by Bloomberg Professional Service. 

PLEASE DESCRIBE YOUR SELECTION OF A RISK-FREE RATE OF 

RETURN FOR YOUR CAPM ANALYSIS. 

Morin 175. 17 
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A. 

Q. 

4. 

Q. 

4. 

As shown in column [5], of Exhibit PMA-8, the risk-free rate adopted for both 

applications of the CAPM is 3.69%. The risk-free rate for my CAPM analysis is 

based upon the average of the June 1, 201 5, Blue Chip consensus forecast for 

the third calendar quarter of 2016, averaged with Blue Chip's long-range 

forecasts for 2017-2021, and 2022-2026, as shown in Note 2. 

WHY IS THE YIELD ON LONG-TERM U.S. TREASURY BONDS 

APPROPRIATE FOR USE AS THE RISK-FREE RATE? 

The yield on long-term U.S. Treasury T-Bonds is almost risk-free and its term is 

consistent with the long-term cost of capital to public utilities (measured by the 

yields on A rated public utility bonds), the long-term investment horizon inherent 

in utilities' common stocks, the long-term investment horizon presumed in the 

standard DCF model employed in regulatory ratemaking, and the long-term life of 

the jurisdictional rate base to which the allowed fair rate of return (i.e., cost of 

capital) is applied. In contrast, short-term U.S. Treasury yields are more volatile 

and largely a function of Federal Reserve monetary policy. 

PLEASE EXPLAIN THE ESTIMATION OF THE EXPECTED EQUITY RISK 

PREMIUM FOR THE MARKET. 

The basis of the market equity risk premium is explained in detail in Note 1 of 

Exhibit PMA-8. It is derived from Value Line's 3-5 year median total market price 

appreciation projections, averaged over the most recent thirteen weeks ending 

May 29, 2015; the arithmetic mean monthly equity risk premiums of large 

company common stocks relative to long-term U.S. Treasury bond income yields, 

according to the SBBl - 2015 Market Report, from 1926-2014; the PRPM 

predicted market equity risk premium using monthly equity risk premiums for 

large company common stocks relative to long-term U.S. Treasury securities 

from January 1926 through April 2015, and the projected total return on the S&P 

500, less the projected risk free rate, as detailed below and in Note 1 on of 

Exhibit PMA-8. 
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3. 

4. 

The Value Line-derived forecasted total market equity risk premium is 

derived by deducting the 3.69% risk-free rate, discussed above, from the Value 

Line projected total annual market return of 9.80%, also discussed above, 

resulting in a forecasted total market equity risk premium of 6.1 1 %. 

The lbbotson Arithmetic Mean Market Risk Premium (IIMRPI') is derived by 

deducting the long-term income return on U.S. Government Securities of 5.23%, 

from the SBBl - 2015 Market Report monthly historical total market return of 

12.07%, resulting in an historical market equity risk premium of 6.84%. 

The PRPM market equity risk premium is 7.15%, derived using the PRPM, 

discussed above, relative to the yields on long-term U.S. Treasury securities from 

January 1926, through April 201 5. 

The S&P 500 projected market equity risk premium of 9.53% is derived by 

subtracting the 3.69% projected risk-free rate, discussed above, from the 

projected total return of 13.22%, also discussed above. 

These four market equity risk premiums result in an average total market 

equity risk premium of 7.41%. (7.41% = ((6.11% + 6.84% + 7.15% + 9.53%) /4 )  

WHAT ARE THE RESULTS OF YOUR APPLICATION OF THE TRADITIONAL 

AND EMPIRICAL CAPM TO THE PROXY GROUP? 

As shown on Exhibit PMA-8, the average traditional CAPM equity cost rate is 

9.31%, while the average ECAPM result is 9.76%. Likewise, the median 

traditional CAPM cost rate is 9.40%, while the median ECAPM cost rate is 

9.82%. Consistent with my reliance upon the average of the average and 

median results of the DCF discussed above, I rely upon the average of the 

average and median results of the traditional CAPM and ECAPM for the proxy 

group, 9.54% and 9.61%, respectively, or 9.58% as shown on column [8] of 

Exhibit PMA-8. (9.58% = ((9.54% + 9.61%) / 2). 
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IX. 

Q. 
4. 

Conclusion of Common Equitv Cost Rate 

WHAT IS YOUR RECOMMENDED COMMON EQUITY COST RATE? 

It is 10.75%, based upon the common equity cost rates resulting from the 

application of cost of common equity models to the eight publicly traded water 

companies, as adjusted for AWC's credit and unique business risks. 

As discussed above, I employ multiple cost of common equity models as 

primary tools in arriving at my recommended common equity cost rate because: 

1) no single model is so inherently precise that it can solely be relied upon to the 

exclusion of other theoretically sound models; 2) all of the models are market- 

based; 3) the use of multiple models adds reliability to the estimation of the 

common equity cost rate; and 4) the prudence of using multiple cost of common 

equity models is supported in both the financial literature and regulatory 

precedent. Therefore, no single model should be relied upon exclusively to 

estimate investors' required rate of return on common equity. 

The results of my cost of common equity models applied to the eight water 

companies are shown on Exhibit PMA-1, page 2 and are summarized below: 
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2. 

A. 

Table 3 

Discounted Cash Flow Model 
Risk Premium Model 
Capital Asset Pricing Model 

Indicated Common Equity Cost 

Credit Risk Adjustment 

Business Risk Adjustment 

Indicated Common Equity 
Cost Rate 

Recommended Common Equity 
Cost Rate 

Proxy Group 
of Eight Publicly 
Traded Water 

Companies 

8.64% 
10.76% 
9.58% 

9.60% 

0.63% 

0.50% 

10.73% 

10.75% 

Based upon these common equity cost rate results, I conclude that a 

common equity cost rate of 9.60% is indicated for the eight publicly traded water 

companies before applying the credit and unique business risk adjustments to 

determine AWC's common equity cost rate of 10.75%, as previously discussed. 

A. Credit Risk Adjustment 

PLEASE DISCUSS AWC'S CREDIT RISK. 

In my opinion, AWC's bonds, if rated by Moody's and/or S&P, would be rated in 

the Baa/BBB bond rating category. First, the cost rate on AWC's General 

Mortgage Bonds ("GMBs") includes a premium over the cost rate on the First 

Mortgage Bonds ("FMBs") of its utility affiliate, San Gabriel Valley Water 

Company ("SGWC"), which in turn is based upon the spread between Baa 

corporate bonds over 30-year U.S. Treasury Bonds. Albeit a corporate, not 

public utility,28 profile, it is reasonable to assume that were S G W C ' s  bonds 

Given that public utility bond yields are generally higher than corporate bond yields, the Company is 
actually being reasonably conservative. 

8 
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rated by either Moody's or S&P, they would be rated Baa/BBB. Because AWC's 

debt cost rate is similar to, albeit slightly higher than, SGWVC's, it is conservative 

to assume that AWC's bonds, if rated, would be rated no higher than Baa/BBB. 

In addition, although S&P states that its metrics are not intended to be 

precise indications or guarantees of ratings opinions, they can be used to provide 

insight into the likely bond rating of AWC. To that end, AWC's cash flow/leverage 

metrics are consistent with S&P's cash flow/leverage metrics for a public utility 

assigned a "Significant" to "Aggressive" financial risk profile, as shown on Exhibit 

PMA-9. As shown on the exhibit, 4 of AWC's cash flow/leverage metrics indicate 

a "Significant" financial risk profile, while 3 of AWC's metrics indicate an 

"Aggressive" financial risk profile. As can be gleaned from Table 3 at the bottom 

of Exhibit PMA-9, assuming either an "Excellent" or "Strong" business risk profile, 

AWC's bonds/issuer rating would be in the bbb or Baa bondhssuer rating 

category. Given that a premium of 10 basis points over SGWVC's debt cost rate 

was required by Prudential, which purchased AWC's most recent bond issue, it is 

nonetheless reasonable to assume that AWC's bonds, if rated, would likely be 

rated no better than Baa/BBB by Moody's and S&P. Hence, an upward credit 

risk adjustment is necessary to reflect the lower credit risk, Le., Baa2 (middle of 

Moody's Baa bond/issuer rating category), of AWC relative to the A2/A3 average 

Moody's bond rating of the proxy group of eight publicly traded water companies, 

as shown on page 5 of Exhibit PMA-7. 

An indication of the magnitude of the necessary upward adjustment to 

reflect the greater credit risk inherent in a Baa2 bond rating is five-sixths of a 

recent three-month average spread between Moody's A and Baa2 rated public 

utility bond yields of 0.76%, shown on page 4 of Exhibit PMA-7, or 0.63% (0.63% 

= 0.76% * (5/6)). 
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Q. 

A. 

B. Business Risk Adjustment 

IS THERE A WAY TO QUANTIFY AN ADJUSTMENT DUE TO AWC'S 

GREATER BUSINESS RISK RELATIVE TO THE PROXY GROUP OF EIGHT 

PUBLICLY TRADED WATER COMPANIES? 

Yes, the available empirical evidence on the effect of AWC's small size relative to 

the proxy group, provides insight into the magnitude of such an adjustment. As 

discussed above, increased risk due to small size must be taken into account in 

the cost of common equity, consistent with the financial principle of risk and 

return. Since the Company is smaller in size relative to the proxy group, it has 

greater business risk than the average company in the proxy group. 

SBBl - 2015 discusses the nature of the small size phenomenon, 

providing an indication of the magnitude of the size premium for the deciles of the 

NYSE/AMEX/NASDAQ-listed securities. In discussing "Aspects of the Company 

Size Effect," SBBI-2015 states2': 

The company size phenomenon is remarkable in several ways. 
First, the greater risk of small stocks does not, in the context of the 
capital asset pricing model, fully account for their higher returns 
over the long term. In the CAPM, only systematic, or beta risk, is 
rewarded; small company stocks have had returns in excess of 
those implied by their betas. 

Furthermore, in "The Capital Asset Pricing Model: Theory and 

Evidence,"30 Fama and French note that size is indeed a risk factor which must 

be reflected when estimating the cost of common equity. On page 14, they note: 

. . . the higher average returns on small stocks and high book-to- 
market stocks reflect unidentified state variables that produce 
undiversifiable risks (covariance's) in returns not capture in the 
market return and are priced separately from market betas. 

SBBl - 2015 99. '9 

80 Eugene F. Fama and Kenneth R. French, "The Capital Asset Pricing Model: Theory and 
Evidence," Journal of Economic Perspectives, Volume 18, Number 3, Summer 2004, 25-43. 
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Q. 

A. 

Based upon this evidence, Fama and French proposed their three-factor 

model which includes a size variable in recognition of the effect of size on the 

cost of common equity. 

In view of all of the foregoing, adding a business risk adjustment of 0.50%, 

coupled with a credit risk adjustment of 0.63%, to the 9.60% indicated common 

equity cost rate based upon the eight publicly traded water companies, results in 

a business risk-adjusted common equity cost rate of 1 0.73%31, which, when 

rounded to 10.75%, is my recommended common equity cost rate. 

In my opinion, a common equity cost rate of 10.75%, which results in an 

overall rate of return of 8.93%, is both reasonable and conservative given AWC's 

above-normal and increasing capital requirements related to the replacement of 

aging infrastructure, its inability to earn its authorized ROE when sales decline, 

and the relative impact of SDWA compliance. 

A common equity cost rate of 10.75% is consistent with the Hope and 

Bluefield standards of a fair and reasonable return which ensures the integrity of 

presently invested capital and enables the attraction of needed new capital on 

reasonable terms. It also ensures the continued reliability and quality of service 

to the benefit of ratepayers. Thus, it balances the interests of both ratepayers 

and the Company. 

DOES THAT CONCLUDE YOUR DIRECT TESTIMONY? 

Yes. 

10.75% (rounded) = 9.60% + 0.63% + 0.50%. 31 
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PROFESSIONAL QUALIFICATIONS 
OF 

PAULINE M. AHERN, CRRA 
PARTNER 

SUSSEX ECONOMIC ADVISORS, LLC 

PROFESSIONAL EXPERIENCE 

201 5-Present 

In 2015, I joined Sussex Economic Advisors, LLC as a partner. I am responsible 
for providing testimony as an expert witness on subjects of fair rate of return, cost of 
capital and related issues before public utility regulatory commissions. I also provide 
assistance and support to clients throughout the entire ratemaking litigation process. 

I continue to be responsible for maintaining and calculating the performance of 
the AGA Index, a market capitalization weighted index of the common stocks of the 
approximately 70 corporate members of the AGA, which serves as the benchmark for 
the AGA Gas Utility Index Fund. 

As a Partner, I am also involved in strategic planning for Sussex Economic 
Advisors, LLC. 

1994-201 5 

In 2014, I became a Managing Principal of AUS Consultants responsible for 
continuing to manage the consulting practice, in addition to providing testimony as an 
expert witness as described below. I am also a Vice President of AUS Inc. 

In 1996, I became a Principal of AUS Consultants, continuing to offer testimony 
as an expert witness on the subjects of fair rate of return, cost of capital and related 
issues before state public utility commissions. I provide assistance and support to 
clients throughout the entire ratemaking litigation process. In addition, I supervise the 
financial analyst and administrative staff in the preparation of fair rate of return and cost 
of capital exhibits which are filed along with expert testimony before various state and 
federal public utility regulatory bodies. The team also assists in the preparation of 
interrogatory responses, as well as rebuttal exhibits. 

As the Publisher of AUS Utility Reports (formerly C. A. Turner Utility Reports), I 
am responsible for the production, publishing, and distribution of the reports. AUS 
Utility Reports provides financial data and related ratios for about 80 public utilities, i.e., 
electric, combination gas and electric, natural gas distribution, natural gas transmission, 
telephone, and water utilities, on a monthly, quarterly and annual basis. Among the 
subscribers of AUS Utility Reports are utilities, many state regulatory commissions, 
federal agencies, individuals, brokerage firms, attorneys, as well as public and 
academic libraries. The publication has continuously provided financial statistics on the 
utility industry since 1930. 

I am also responsible for maintaining and calculating the performance of the 
AGA Index, a market capitalization weighted index of the common stocks of the 



approximately 70 corporate members of the AGA, which serves as the benchmark for 
the AGA Gas Utility Index Fund. 

As an Assistant Vice President from 1994 - 1996, I prepared fair rate of return 
and cost of capital exhibits which were filed along with expert testimony before various 
state and federal public utility regulatory bodies. These supporting exhibits include the 
determination of an appropriate ratemaking capital structure and the development of 
embedded cost rates of senior capital. The exhibits also support the determination of a 
recommended return on common equity through the use of various market models, 
such as, but not limited to, Discounted Cash Flow analysis, Capital Asset Pricing Model 
and Risk Premium Methodology, as well as an assessment of the risk characteristics of 
the client utility. I also assisted in the preparation of responses to any interrogatories 
received regarding such testimonies filed on behalf of client utilities. Following the filing 
of fair rate of return testimonies, I assisted in the evaluation of opposition testimony in 
order to prepare interrogatory questions, areas of cross-examination, and rebuttal 
testimony. I also evaluated and assisted in the preparation of briefs and exceptions 
following the hearing process. I also submitted testimony before state public utility 
commissions regarding appropriate capital structure ratios and fixed capital cost rates. 

1990-1 994 

As a Senior Financial Analyst, I supervised two analysts and assisted in the 
preparation of fair rate of return and cost of capital exhibits which are filed along with 
expert testimony before various state and federal public utility regulatory bodies. The 
team also assisted in the preparation of interrogatory responses. 

I evaluated the final orders and decisions of various commissions to determine 
whether further actions were warranted and to gain insight which assisted in the 
preparation of future rate of return studies. 

I assisted in the preparation of an article authored by Frank J. Hanley and A. 
Gerald Harris entitled "Does Diversification Increase the Cost of Equity Capital?" 
published in the July 15, 1991 issue of Public Utilities Fortniqhtly. 

In 1992, I was awarded the professional designation "Certified Rate of Return 
Analyst" (CRRA) by the National Society of Rate of Return Analysts (now the Society of 
Utility and Regulatory Financial Analysts (SURFA)). This designation is based upon 
education, experience and the successful completion of a comprehensive examination. 

As Administrator of Financial Analysis for AUS Utility Reports, which then 
reported financial data for over 200 utility companies with approximately 1,000 
subscribers, I oversaw the preparation of this monthly publication, as well as the 
accompanying annual publication, Financial Statistics - Public Utilities. 

1988-1 990 

As a Financial Analyst, I assisted in the preparation of fair rate of return studies 
including capital structure determination, development of senior capital cost rates, as 
well as the determination of an appropriate rate of return on equity. I also assisted in 
the preparation of interrogatory responses, interrogatory questions of the opposition, 



areas of cross-examination and rebuttal testimony. I also assisted in the preparation of 
the annual publication C. A. Turner Utility Reports - Financial Statistics -Public Utilities. 

1973-1 975 

As a Research Assistant in the Research Department of the Regional Economics 
Division of the Federal Reserve Bank of Boston, I was involved in the development and 
maintenance of econometric models to simulate regional economic conditions in New 
England in order to study the effects of, among other things, the energy crisis of the 
early 1970's and property tax revaluations on the economy of New England. I was also 
involved in the statistical analysis and preparation of articles for the New England 
Economic Review. Also, I was Assistant Editor of New England Business Indicators. 

1972 

As a Research Assistant in the Office of the Assistant Secretary for International 
Affairs, U.S. Treasury Department, Washington, D.C., I developed and maintained 
econometric models which simulated the economy of the United States in order to 
study the results of various alternate foreign trade policies so that national trade policy 
could be formulated and recommended. 

Clients Served 

I have offered expert testimony before the following commissions: 

Alaska 
Arkansas 
Arizona 
British Columbia 
California 
Connecticut 
Delaware 
Florida 
Hawaii 
Idaho 
Illinois 
Indiana 
Iowa 
Kentucky 
Louisiana 

Maine 
Maryland 
Michigan 
Missouri 
Nevada 
New Hampshire 
New Jersey 
New York 
North Carolina 
Ohio 
Pennsylvania 
Rhode Island 
South Carolina 
Virginia 
Washington 

I have sponsored testimony on fair rate of return and related issues for: 

Alpena Power Company 
Apple Canyon Utility Company 

Applied Wastewater Management, Inc. 
Aqua Illinois, Inc. 



Aqua New Jersey, Inc. 
Aqua North Carolina, Inc. 
Aquarion Water Company 
Aquarion Water Co. of New Hampshire, 
I nc. 
Arizona Water Company 
Artesian Water Company 
The Atlantic City Sewerage Company 
Audubon Water Company 
Bermuda Water Company 
Carolina Pines Utilities, Inc. 
Carolina Water Service, Inc. of NC 
Carolina Water Service, Inc. of SC 
Chaparral City Water Company 
The Columbia Water Company 
The Connecticut Water Company 
Consumers Illinois Water Company 
Consumers Maine Water Company 
Consumers New Jersey Water 
Company 
Corix Utilities 
City of DuBois, Pennsylvania 
Elizabethtown Water Company 
Emporium Water Company 
EPCOR Water Arizona, Inc. 
Fairbanks Natural Gas LLC 
Greenridge Utilities, Inc. 
The Borough of Hanover, PA 
GTE Hawaiian Telephone Inc. 
Illinois American Water Company 
Indiana American Water Company 
Iowa American Water Company 
Jersey Central Power & Light Co. 
Lake Wildwood Utilities Corp. 
Land'Or Utility Company 
Long Island American Water Company 
Long Neck Water Company 
Louisiana Water Service, Inc. 
Maine Water Company 
Massanutten Public Service Company 
Middlesex Water Company 
Missouri Gas Energy 
Missouri-American Water Company 
Mt. Holly Water Company 
Nero Utility Services, Inc. 
New Jersey Utilities Association 

Aqua Ohio, Inc. 
Aqua Virginia, Inc. 
The Newtown Artesian Water Company 
NRG Energy Center Harrisburg LLC 
NRG Energy Center Pittsburgh LLC 
Ohio-American Water Company 
Penn Estates Utilities 
Pinelands Waste Water Company 
Pinelands Water Company 
Pioneer Water LLC 
Pittsburgh Thermal 
San Gabriel Valley Water Company 
San Jose Water Company 
Southland Utilities, Inc. 
Spring Creek Utilities, Inc. 
Sussex Shores Water Company 
Tega Cay Water Services, Inc. 
Thames Water Americas 
Tidewater Utilities, Inc. 
Total Environmental Services, Inc. - 

Divisions 
Transylvania Utilities, Inc. 
Trigen - Philadelphia Energy 
Corporation 
Twin Lakes Utilities, Inc. 
United Utility Companies 
United Water Arkansas, Inc. 
United Water Arlington Hills Sewerage, 
Inc. 
United Water Connecticut, Inc. 
United Water Delaware, Inc. 
United Water Great Gorge Inc./United 
Water 

United Water Idaho, Inc. 
United Water Indiana, Inc. 
United Water New Jersey, Inc. 
United Water New Rochelle, Inc. 
United Water New York, Inc. 
United Water Owego/Nichols, Inc. 
United Water Pennsylvania, Inc. 
United Water Rhode Island, Inc. 
United Water South County, Inc. 
United Water Toms River, Inc. 
United Water Vernon Sewage Inc. 

Treasure Lake Water & Sewer 

Vernon Transmission, Inc. 



United Water Virginia, Inc. 
United Water West Lafayette, Inc. 
United Water West Milford, Inc. 
United Water Westchester, Inc. 
Utilities, Inc. 
Utilities Inc. of Central Nevada 
Utilities, Inc. of Florida 
Utilities, Inc. of Louisiana 
Utilities, Inc. of Nevada 

I have sponsored testimony on Distribution System Improvement Charges 
~ (DS I C): 

Utilities, Inc. of Pennsylvania 
Utilities, Inc. - Westgate 
Utilities Services of South Carolina 
Utility Center, Inc. 
Valley Energy, Inc. 
Water Services Corp. of Kentucky 
Wellsboro Electric Company 
Western Utilities, Inc. 

~ Arizona Water Company 

I have sponsored testimony on generiduniform methodologies for determining 
the return on common equity for: 

Aquarion Water Company 
The Connecticut Water Company 
Corix Multi-Utility Services, Inc. 

United Water Connecticut, Inc. 
Utilities, Inc. 

I have sponsored testimony on the rate of return and capital structure effects of 
merger and acquisition issues for: 

California-American Water Company 
Company 

N e w J e rse y -Am e r i ca n W a t e r 

I have sponsored testimony on capital structure and senior capital cost rates for 
the following clients: 

Alpena Power Company 
Arkansas-Western Gas Company 
Associated Natural Gas Company 

PG Energy Inc. 
United Water Delaware, Inc. 
Washington Natural Gas Company 

I have assisted in the preparation of rate of return studies on behalf of the 
following clients: 

Algonquin Gas Transmission Company 
Anadarko Petroleum Corporation 
Arizona Water Company 
Arkansas-Louisiana Gas Company 
Arkansas Western Gas Company 
Artesian Water Company 
Associated Natural Gas Company 
Atlantic City Electric Company 
Bridge po rt-H yd rau lic Com pan y 
Cambridge Electric Light Company 

Carolina Power & Light Company 
Citizens Gas and Coke Utility 
City of Vernon, CA 
Columbia Gas/Gulf Transmission Cos. 
Commonwealth Electric Company 
Commonwealth Telephone Company 
Conestoga Telephone & Telegraph Co. 
Connecticut Natural Gas Corporation 
Consolidated Gas Transmission 
Company 



Consumers Power Company 
CWS Systems, Inc. 
Delmarva Power & Light Company 
East Honolulu Community Services, Inc. 
Equitable Gas Company 
Equitrans, Inc. 
Fairbanks Natural Gas, LLC 
Florida Power & Light Company 
Gary Hobart Water Company 
Gasco, Inc. 
Great Lakes Gas Transmission L.P. 
GTE Arkansas, Inc. 
GTE California, Inc. 
GTE Florida, Inc. 
GTE Hawaiian Telephone 
GTE North, Inc. 
GTE Northwest, Inc. 
GTE Southwest, Inc. 
Hawaiian Electric Company 
Hawaiian Electric Light Company 
IES Utilities Inc. 
Illinois Power Company 
Interstate Power Company 
Interstate Power & Light Co. 
Iowa Electric Light and Power Company 
Iowa Southern Utilities Company 
Kentucky-West Virginia Gas Company 
Lockhart Power Company 
Middlesex Water Company 
Milwaukee Metropolitan Sewer District 
Mountaineer Gas Company 
National Fuel Gas Distribution Corp. 
National Fuel Gas Supply Corp. 
Newco Waste Systems of NJ, Inc. 
New Jersey Natural Gas Company 
New Jersey-American Water Company 
New York-American Water Company 
North Carolina Natural Gas Corp. 
Northumbrian Water Company 
Ohio-American Water Company 
Oklahoma Natural Gas Company 
Orange and Rockland Utilities 
Paiute Pipeline Company 
PECO Energy Company 
Penn Estates Utilities, Inc. 
Penn-York Energy Corporation 
Pennsylvania-American Water Co. 
PG Energy Inc. 
Philadelphia Electric Company 
Providence Gas Company 



South Carolina Pipeline Company 
Southwest Gas Corporation 
Stamford Water Company 
Tesoro Alaska Petroleum Company 
Tesoro Refining & Marketing Co. 
United Telephone of New Jersey 
United Utility Companies 
United Water Arkansas, Inc. 
United Water Delaware, Inc. 
United Water Idaho, Inc. 
United Water Indiana, Inc. 
United Water New Jersey, Inc. 
United Water New York, Inc. 
United Water Pennsylvania, Inc. 

United Water Virginia, Inc. 
United Water West Lafayette, Inc. 
Utilities, Inc. of Pennsylvania 
Utilities, Inc. - Westgate 
Vista-United Telecommunications Corp. 
Washington Gas Light Company 
Washington Natural Gas Company 
Washington Water Power Corporation 
Waste Management of New Jersey - 

Wellsboro Electric Company 
Western Reserve Telephone Company 
Western Utilities, Inc. 
Wisconsin Power and Light Company 

Transfer Station A 

ED UCATlO N : 

1973 - Clark University - B.A. - Honors in Economics (Concentration: Econometrics 
and 

1991 - Rutgers University - M.B.A. - High Honors (Concentration: Corporate Finance) 
RegionaVlnternational Economics) 

PROFESSIONAL AFFILIATIONS: 

Advisory Council - Financial Research Institute - University of Missouri - Robert J. 
Trulaske, Sr. School of Business 
Edison Electric Institute - Cost of Capital Working Group 
National Association of Water Companies - Member of the 
Fi nance/Accou n t i ngnaxation and Rates and 

Society of Utility and Regulatory Financial Analysts 
Regulation Committees 

Member, Board of Directors - 2010-2014 
President - 2006-2008 and 2008-201 0 
Secretarymreasurer - 2004-2006 

American Finance Association 
Financial Management Association 

SPEAK1 NG EN GAG EM ENTS: 

“Leadership in the Financial Services Sector”, Guest Professor - Cost of Capital, 
Business Leader Development Program, Rutgers University School of Business, May 
22,2015, Camden, NJ. 

“ROE: Trends & Analysis”, American Gas Association, AGA Mini-Forum for the 
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Arizona Water Company 
Summary of Cost of Capital and Fair Rate of Return 

Based upon the Actual Capital Structure 
at Test-Year Ended December 31.2014 

Weighted 
Ratios (1) Cost Rate Cost Rate Type Of Capital 

Long-Term Debt 46.31% 6.82% (1) 3.16% 

Common Equity 5 3.69 Yo 10.75% (2) 5.77% 

Total 100.00% 8.93% 

Common Equity 5 3.69 Yo 10.75% (2) 5.77% 

Total 100.00% 8.93% 

Notes: 

(1) Company provided. 
(2) From page 2 of this Exhibit. 
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Line No. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Arizona Water Company 
Brief Summary of Common Equity Cost Rate 

Principal Methods 

Discounted Cash Flow Model (DCF) (1) 

Risk Premium Model (RPM) (2) 

Capital Asset Pricing Model (CAPM) (3) 

Indicated Common Equity Cost Rate before Adjustment 
for Business Risk 

Credit Risk Adjustment (4) 

Business Risk Adjustment (5) 

Indicated Common Equity Cost Rate 

Recommended Common Equity Cost Rate 

Proxy Group of Eight 
Publicly Traded 

Water Companies 

8.64 % 

10.76 

9.58 

9.60 % 

0.63 

0.50 

10.73 

10.75 % 

Notes: (1) From page 1 of Exhibit PMA-5. 
(2) From page 1 of Exhibit PMA-7. 
(3) From page 1 of Exhibit PMA-8. 
(4) Credit risk adjustment to reflect Arizona Water Company's likely Moody's bond 

rating of Baa2 relative to the proxy group's average Moody's Bond rating of A2/A3 
as  detailed in Ms. Ahern's accompany direct testimony. 

(5) Business risk adjustment to reflect Arizona Water Company's greater business risk 
due to its unique riskds as well as small size relative to the proxy group as detailed in 
Ms. Ahern's accompanying direct testimony. 
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Arizona Water Company 
Water Industry Average 
Electric Industry Average 
Combination Elec. & Gas Industry Average 
Gas Distribution Average 

$6.00 

$5.00 

$4.00 

$3.00 

$2.00 

$1 .oo 

$0.00 

Arizona Water Company 
2014 Capital Intensity of Utilities, Inc. of Central Nevada and 

Utilitv Companv Groups and lndustrv Averaees 

Total 
Average Operating Capital 
Net Plant Revenue Intensity 
($mill) ($mill) ($1 

$ 323.66 $ 63.97 $ 5.06 
$ 2,411.70 $ 611.15 $ 3.95 
$ 17,004.84 $ 6,422.08 $ 2.65 
$ 16,109.32 $ 7,385.21 $ 2.18 
$ 3,842.72 $ 2,271.59 $ 1.69 

2014 Capital Intensitv 

Capital Intensity 
Arizona Water Company 

v. Other Industries 
[ times ) _ _  
128.10% 
190.94% 
232.11% 
299.41% 

~ $5.06 

$3.95 

$2.65 

AWC Water Industry Electric Industry Combination E&G LDC Industry Avg. 
Avg . Avg . Avg . 

Notes: 
Capital Intensity is equal to Average Net Plant divided by Total Operating Revenue. 

Source of Information: 
Company Annual Forms 10-K 
Arizona Water Company's Audited Financial Statements for the year ended December 31,2014. 
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Arizona Water Comuany 
2014 Depreciation Rate of Arizona Water Company and 

Uhllty Company Groups and Industry Averaees 
. .  

Depreciation 
Depletion 

&Amort. Expense 
(5 mill) 

Arizona Water Company 5 10.10 
Water Industry Average $ 80.97 
Electric Industry Average 5 727.38 
Combination Elec. & Gas Industry Average 5 756.74 
LDC Gas Distribution Industry Average 5 182.93 

Average Total 
Gross Plant 
Less CWIP 
(5 mill) 

$ 382.35 
$ 2,739.56 
5 22.063.71 
5 22,241.95 
$ 4,979.82 

Depreciation 
Rate 
(%) 

2.6% 
3.0% 

3.4% 
3.7% 

3.3% 

2014 Effective Depreciation Rate 

Depreciation Rate 
Arizona Water Company 

v. Other Industries 
( times ) 

86.67% 
78.79% 
76.47% 
70.27% 

_ _  

- 

4.0% i 0 7 n f  

3.5% 

3.0% 

2.5% 

2.0% 

1.5% 

1 .O% 

0.5% 

0.0% 
AWC Water Industry Avg. Electric Industry Avg. Combination E&G LDC Industry Avg. 

Avg . 

Notes: 
Effective Depreciation Rate is equal to Depreciation, Depletion and Amortization Expense divided by 

average beginning and ending year's Gross Plant minus Construction Work in Progress. 

Source of Information: 
Company Annual Forms 10-K 
Arizona Water Company's Audited Financial Statements for the year ended December 31,2014. 
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CAPITALIZATION AND FINANCIAL STATISTICS (1) 
2010 - 2014. Inclusive 

m m m 
(MILLIONS OF DOLLARS) 

CAPITALIZATION STATISTICS 

AMOUNT OF CAPITAL EMPLOYED 
TOTAL PERMANENT CAPITAL 
SHORT-TERM DEBT 
TOTAL-CAPITAL EMPLOYED 

INDICATED AVERAGE CAPITAL COST RA TES 121 
TOTAL DEBT 
PREFERRED STOCK 

CAPITAL STRUCTURE RATIOS 
BASED ON TOTAL PERMANENT CAPITAL: 
LONG-TERM DEBT 

COMMON EQUlTY 
PREFERRED STOCK 

TOTAL 

BASED ON TOTAL CAPITAL: 
TOTAL DEBT, INCLUDING SHORT-TERM 

COMMON EQUITY 
PREFERRED STOCK 

TOTAL 

DIVIDEND PAYOUT RATIO 

1 M E ITY 

TOTAL DEBT / EBITDA 131 

FUNDSFROM OPERATIONS I TOTAL DEBT [4) 

TOTAL DEBT /TOTAL CAPITAL 

FUNDS FROM OPERATIONS /INTEREST IS) 

EBITDA /INTEREST 16) 

CASH FLOWS FROM OPERATIONS I TOTAL DEBT 173 

FREE OPERATING CASH FLOW /TOTAL DEBT r q  

DISCRETIONARY CASH FLOWS /TOTAL DEBT r91 

Notes: 

$ 161.959 $ 158.284 $ 152.478 $ 153.221 $ 152.975 
~~~ 

$ 1 6 1 . 9 5 9 - $ 1 5 2 4 2 8 - $ 1 5 2 9 2 5  

6.83 % 6.83 % 6.83 % 6.83 % 6.83 % 

5 YEAR 

46.31 % 

L3.m 
U % 

46.31 % 

ZL6.9 
QQQQ % 

57.61 Oh 

10.19 % 

2.64 x 

29.16 % 

46.31 Yo 

4.75 x 

6.16 x 

25.76 % 

4.55 % 

-2.11 % 

47.38 Yo 

52h2 
W %  

47.38 Oh 

52h.2 
1ppsp% 

29.53 % 

10.25 % 

2.72 x 

26.92 % 

47.38 Oh 

4.32 x 

5.90 x 

26.44 % 

9.12 % 

5.87 O h  

49.19 % 

Xm 
LQ&Q.Q% 

49.19 % 

Xm 
U% 

111.73 % 

8.14 Oh 

3.08 x 

23.82 Oh 

49.19 % 

3.84 x 

5.25 x 

23.66 % 

7.95 Oh 

-1.49 Oh 

48.95 % 

5LQ5 
&g&Q% 

48.95 % 

5LQ5 
1009a % 

94.99 O h  

6.29 Oh 

3.37 x 

23.40 % 

48.95 % 

3.70 x 

4.69 x 

22.87 % 

10.03 % 

3.81 % 

AVERAGE 
49.03 % 48.17 % 

a22 
ULaaa % 

49.03 Yo 

5QaZ 
l&LQQ.% 

114.16 9'0 

5.14 Oh 

3.83 x 

18.51 % 

49.03 % 

2.82 x 

3.98 x 

19.65 % 

12.05 % 

6.34 YO 

LtX3 
U% 

48.17 % 

L&? 
UULan % 

81.60 O/o 

8.00 Oh 

3.13 x 

24.36 % 

48.17 Oh 

3.89 x 

5.20 x 

23.68 Yo 

8.74 O h  

2.48 O h  

(1) All capitalization and financial statistics for the group are the arithmetic average of the achieved results for 
each individual company in the group, and are based upon financial statements as originally reported in 
each year. 

beginning and ending total debt or preferred stock reported to be outstanding. 
(2) Computed by relating actual total debt interest or preferred stock dividends booked to  average of 

(3) Total debt relative to EBITDA (Earnings before Interest, Income Taxes, Depreciation and Amortization] 

(4) Funds from operations (sum of net income, depreciation, amortization, net deferred income tax and 
investment tax credits, less total AFUDC) plus interest charges as a percentage of total debt. 

(5) Funds from operations (sum of net income, depreciation, amortization, net deferred income tax and 
investment tax credits, less total AFUDC) plus interest charges as a percentage of cash interest. 

(6) EBITDA (Earnings before Interest, Income Taxes, Depreciation and Amortization) relative to cash interest 

(7) Cash flows from operations as a percentage of total debt. 
(8) Free operating cash flows (cash flows from operations less capital expenditures) as a percentage of total 

debt. 
Discretionary cash flow (free operating cash flow minus all dividend payments) as a percentage of total 

(9) debt. 

Source of Information: Arizona Water Company's Audited Financial Statements. 
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Prow Grow of Eieht Publiclv Traded Water Companies 
CAPITALIZATION AND FINANCIAL STATISTICS (1) 

2010 - 2014. Inclusive 

2013 2012 2J.u 
(MILLIONS OF DOLLARS) 

CAPITALIZATION STATISTICS 

AMOUNT OF CAPITAL EMPLOYED 
TOTAL PERMANENT CAPITAL 
SHORT-TERM DEBT 

TOTAL CAPITAL EMPLOYED 

INDICATED AVERAGE CAPITAL COST RATES f21 
TOTAL DEBT 
PREFERRED STOCK 

CAPITAL STRUCTURE RATIOS 

LONG-TERM DEBT 
PREFERRED STOCK 
COMMON EQUITY 

BASED ON TOTAL PERMANENT CAPITAL: 

TOTAL 

BASED O N  TOTAL CAPITAL 
TOTAL DEBT, INCLUDING SHORT-TERM 
PREFERRED STOCK 
COMMON EQUITY 

TOTAL 

FINANCIAL STATISTICS 

FINANCIAL RATIOS - MARKET BASED 
EARNINGS / PRICE RATIO 
MARKET /AVERAGE BOOK RATIO 
DIVIDEND YIELD 
DIVIDEND PAYOUT RATIO 

$2,156.407 $2.058.747 $1.998.358 $1.926.369 $1,901.851 

$2.228.866 $2,058.952 $1.958.271 
$72.459 595589 $60594 $?3%698 $56420 

5.09 % 5.19 % 5.36 % 5.32 % 5.54 % 
5.30 Oh 5.51 % 5.53 % 5.53 % 5.54 % 

5YEAR 
AVERAGE 

45.71 % 46.24 % 49.32 % 50.91 % 50.74 % 48.58 % 
0.13 0.16 0.18 0.21 0.21 0.18 
54.16 53.60 ss!2 48.88 49.05 51.24 

-% p&QQ% -% U %  U% 

52.82 % 50.23 % 47.00 % 47.77 % 50.87 % 52.68 % 
0.13 0.15 0.17 0.19 0.20 0.17 
52.87 52.08 m 47.13 &ZB 49.60 

JIJ&QQOh 100.00% 100.00% 100.00% U% 100.00% 

5.44 % 4.84 % 5.47 % 5.19 % 5.18 % 5.22 % 
212.84 206.33 187.65 181.94 181.79 194.11 
2.76 2.91 3.17 3.40 3.39 3.13 
52.68 60.11 59.10 66.53 65.70 60.82 

RATE OF RETURN ON AVERAGE BOOK COMMON EOUITY 11.38 % 10.08 % 10.12 % 9.30 % 9.29 % 10.03 % 

TOTAL DEBT 1 EBITDA 133 3.74 x 3.65 X 3.83 X 4.30 X 4.55 X 4.01 X 

FUNDS FROM OPERATIONS /TOTAL DEBT f41 25.83 % 22.91 % 20.95 % 19.26 % 17.60 % 21.31 'Jh 

47.00 % 47.77 % 50.87 % 52.68 % 52.82 % 50.23 % TOTAL DEBT /TOTAL CAPITAL 

Notes: 
(1) All capitalization and financial statistics for the group are the arithmetic average of the achieved results 

for each individual company in the group, and are  based upon financial statements as originally reported 
in each year. 

beginning and ending total debt or preferred stock reported to be outstanding. 
(2) Computed by relating actual total debt interest or preferred stock dividends booked to average of 

(3) Total debt relative to EBITDA [Earnings before Interest, Income Taxes, Depreciation and Amortization). 

(4) Funds from operations [sum of net income, depreciation, amortization, net deferred income tax and 
investment tax credits, less total AFUDC) plus interest charges as a percentage of total debt. 

Source of Information: Company Annual Forms 1 0 - K  
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Caoital Structure Based uoon Total Permanent Caoital for the 
Prom Grouo of Eieht Publiclv Traded Water Comoanies 

2010 - 2014. Inclusive 

5YEAR 
2 0 1 4 2 0 1 3 2 0 1 2  2011 2010 AVERAGE 

American States 
Water Co. 
Long-TermDebt 39.15 % 40.30 O h  42.49 % 45.46 % 44.30 % 42.34 % 
Preferred Stock 0.00 0.00 0.00 0.00 0.00 0.00 
Common Equity 60.85 59.70 57.51 54.54 55.70 57.66 

Total Capital 100.00 % 100.00 % 100.00 % 100.00 O h  100.00 O h  100.00 Oh ------ 
American Water 
Works Co.. Inc. 
Long-Term Debt 52.70 Oh 52.42 % 54.30 O h  55.72 % 56.73 Oh 54.37 % 
Preferred Stock 0.15 0.17 0.21 0.27 0.29 0.22 
Common Equity 47.15 47.41 45.49 44.01 42.98 45.41 

Total Capital 100.00 % 100.00 O h  100.00 % 100.00 % 100.00 Oh 100.00 % ----- 
Aaua America. 
- Inc. 
Long-Term Debt 49.45 % 50.32 O h  53.41 % 54.11 % 57.05 Oh 52.87 % 
Preferred Stock 0.00 0.01 0.01 0.02 0.02 0.01 

45.87 42.93 47.12 Common Equity 50.55 49.67 46.58 
Total Capital 100.00% 100.00% 100.00% 100.00% 100.00 O h  100.00 Oh 

California Water 
Service Grouo 
Long-Term Debt 40.46 % 42.03 % 50.39 % 52.04 % 52.51 46 47.49 % 
Preferred Stock 0.00 0.00 0.00 0.00 0.00 0.00 
Common Equity 59.54 57.97 49.61 47.96 47.49 52.51 

Total Capital 100.00 % 100.00 % 100.00 Oh 100.00 Oh 100.00 % 100.00 % - - - ~ - -  

Service. Inc. 
Long-Term Debt 45.91 O h  47.34 % 49.03 % 53.05 % 49.32 Oh 48.93 O h  

Preferred Stock 0.20 0.20 0.21 0.30 0.34 0.25 
Common Equity 53.90 52.46 50.76 46.65 50.34 50.82 

Total Capital 100.01 % 100.00 % 100.00 O h  100.00 % 100.00 % 100.00 O h  - - - ~ - -  

Middlesex Water 
Comoany 
Long-TermDebt 41.54 % 41.36 % 43.53 % 43.12 % 43.91 % 42.69 % 
Preferred Stock 0.71 0.88 1.02 1.06 1.07 0.95 
Common Equity 57.75 57.76 55.45 55.82 55.02 56.36 

Total Capital _100.00% 100.00% 100.00 % 100.00 % 100.00 O h  100.00 % 

SIW Corporation 
Long-Term Debt 51.66 % 51.09 % 55.39 % 56.63 Yo 53.79 % 53.71 % 
Preferred Stock 0.00 0.00 0.00 0.00 0.00 0.00 
Common Equity 48.34 48.91 44.61 43.37 46.21 46.29 - - - ~ - -  

Total Capital 100.00 YO 100.00 % 100.00 O h  100.00 % 100.00 Yo 100.00 Yo 

Comoany 
Long-TermDebt 44.81 % 45.07 Oh 45.98 % 47.16 % 48.28 % 46.26 Oh 
Preferred Stock 0.00 0.00 0.00 0.00 0.00 0.00 
Common Equity 55.19 54.93 54.02 52.84 51.72 53.74 

Total Capital 100.00 Oh 100.00 % 100.00 Oh 100.00% 100.00 O h  100.00 % --- 
Proxy Grouo of 
Eieht Publiclv 

Comoanies 
Long-Term Debt 45.71 Oh 46.24 % 49.32 Oh 50.91 % 50.74 % 48.58 % 
Preferred Stock 0.13 0.16 0.18 0.21 0.21 0.18 
Common Equity 54.16 53.60 50.50 48.88 49.05 51.24 

Total Capital 100.00 % 100.00 % 100.00 % 100.00 % 100.00 O h  100.00 Oh ------ 
Source of Information 

Annual Forms 10-K 
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Arizona Water ComDany 
Indicated Common Equity Cost Rate Using the Discounted Cash Flow Model for 

the Proxv Grouo of Eieht Publiclv Traded Water Comnanies 

Value Line Zack's Five 
Projected Reuters Mean Year 

Average Five Year Consensus Projected 

Yield (1) EPS (2) Growth Rate in EPS in EPS 
Proxy Group of Eight Publicly Traded Dividend Growth in Projected Five Year Growth Rate 
Water Companies 

~~ 

Yahoo! 
Finance Average 

Projected Projected Indicated 
Five Year Five Year Adlusted Common 
Growth in Growth in Dividend Equity Cost 

EPS EPS (3) Yield (4) Rate (5) 
~~~~ 

American States Water Co. 
American Water Works Co.. Inc 
Aqua America, Inc. 
California Water Service Group 
Connecticut Water Service, Inc. 
Middlesex Water Company 
SJW Corporation 
York Water Company 

2.16 % 6.50 % 
2.53 7.50 
2.49 8.00 
2.74 7.50 
2.84 6.50 
3.43 5.00 
2.54 6.50 
2.54 6.50 

5.00 % 5.00 % 
7.50 7.40 
5.00 5.30 
5.00 5.00 
5.00 5.00 

NA NA 
NA NA 
NA NA 

5.00 
7.50 
5.00 
5.00 
5.00 
2.70 

14.00 
4.90 

Yo 5.38 % 2.22 % 7.60 % 
7.48 2.62 10.10 
5.83 2.56 8.39 
5.63 2.82 8.45 
5.38 2.92 8.30 
3.85 3.50 7.35 

10.25 2.67 12.92 
5.70 2.61 8.31 

Average 8.93 % 

8.35 Yo Median 

Average of Mean and Median 8.64 Yo 

NA= Not Available 
NMF = Not Meaningful Figure 

Notes: 
(1) Indicated dividend at 05/29/2015 divided by the average closing price ofthe last 60 trading days ending 05/29/2015 fc 

(2) From pages 2 through 9 of this Exhibit. 
(3) Average of columns 2 through 5 excluding negative growth rates. 
(4) This reflects a growth rate component equal to one-half the conclusion of growth rate (from column 6) x column 1 to 

each company. 

reflect the periodic payment of dividends (Gordon Model) as opposed to the continuous payment. Thus, for American 
StatesWaterCo.,2.16%~(1+( 1/2x5.38%))=2.22%. 

(5) Column 6 + cnlumn 7. 

Source of Information: Value Line Investment Survey 
www.reuters.com Downloaded on 05/29/2015 
www.zacks.com Downloaded on 05/29/2015 
www.yahoo.com Downloaded on 05/29/2015 

http://www.reuters.com
http://www.zacks.com
http://www.yahoo.com
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dchanwlprsh) 1 0 Y m  5Yrs. t0'18-'20 

Revenues ,,CashFiow,l 7;;; E:$?; 
Earnings 9.0% 13.0% 6.5% 
Dividends 4.0% 6.5% 8.0% 

5.5% 6.536 ','% Book Value 

Gal- QUARTERLY REVENUES (S mill.) FUN 
endar Mar.31 Jun. 30 Sep. 30 Dec. 31 Year. 
2012 107.6 114.3 133.5 111.5 466.9 
2013 110.6 120.7 130.9 109.9 4721 
2014 102.0 115.6 138.3 109.9 4658 
2015 '03 117 140 110 470 
2016 '05 '25 '54 '20 5oo 
CaI- EARNINGSPERSHAREA FUII 

endar Mac31 Jun. 30 Sep. 30 Dee. 31 Year 
2012 .27 .40 .49 2 6  141 
2013 .35 .43 5 3  .30 161 
2014 2 8  .39 5 4  .36 1.57 
2015 30 5 5  3 0  ::!: 
2016 3 1  ,413 .57 3 1  
tal- QUARTERLY DIVIDENDS PAID 8. FUII 

endar Mac31 Jun.30 Sep.30 Dec.31 Year 
2011 .13 14 . I4  . I4  .55 
2012 .14 . I4  ,1775 ,1775 .64 
2013 ,1775 ,1775 ,2025 ,2025 .76 
2014 ,2025 ,2025 ,213 ,213 3 3  
2015 ,213 

AMER, STATES WATER NYSE-AWR ~ P R ~ C E  
TIMELINESS 3 Lowered5116114 Low: 1 I ,2.2 I 15.1 16.8 

SAFEN 2 Raised 7120112 LEGENDS 

TECHNICAL 2 Raised 4/3/15 

BETA 70 (1.00. Market) 

i ETlo 24.0 (Trailing: Mian: 21.0) 25.5 
RECENT 

High 13.4 17.3 21.9 23 1 

- 1.25 x Dividends sh 
divided b loteresf Rate 
Relative &ice Suenglh 

3-ior-2 split 6/02 

2018-20 PROJECTIONS 6f?iA8Ls ''13 
!haded area md!cates recession Ann'l Total 

Price Gain Return 

5016. The company's main subsidiary, 
Golden State Water Co., has been coming 
close to earning the allowable return on its 
common equity for the past two years. 
Thus, there isn't much room for bottom- 
line expansion in the near term. All told, 
we only expect share net t o  increase 2% 
this year, followed by a 3% increase in 
2016. 
Growth in the military business 
should bolster long-term profits. 
Through its ASUS subsidiary, the compa- 
ny provides water to nine armed forces 
bases under six 50-year contracts. This op- 
eration, in which returns are not capped 
by state regulators, has been responsible 
for 20% to 25% of American States' share 
earnings. Over the next five years, up to  
50 more bases may privatize their water 
and wastewater sytems.  AS ASUS has 
performed success ully in this sector, we 
expect it to win a proportionate amount of 
these contracts. 
Operating in California has not been 
a negative for the company. Regulators 
in the state have worked well with the in- 

(LT interest earned: 5.7 x: total interest 
coverage: 5.4 x) 
Leases, Uncapitalized Annual rentals $0.4 mill. 
Pension Assets-12114$140.6 mill. 

Pfd Stock None. 

Common Stock 38,220,567 shs. 
as of 212311 5 

Oblig. $185.2 mill. 

a) Primary earrings. Excludes nonrecurring due to rounding. 
aindflosses): '34 7d: '05. 136: '06 36: '08. IBI Dividends historicallv oaid in earlv March. 

21 0 
13 5 

2008 
9 21 
169 

78 
50 

2 23 
8 97 

34 60 
22 6 
1 36 

2 9% 

3187 
26 8 

37 8% 
6 9% 

46 2% 
53 8% 
577 0 
825 3 
6 4 1  
8 6Oh 
8 6% 
3 loh 
64% 

~ 

~ 

~ 

- 

~ 

~ 

~ 

~ 

~ 

(C) In millions, adjusted for splits. Company's Financial Strength A 
Stock's Price Stabilitv 85 

ates \i ter Co. operates as a holding 
ncjpal subsidiary, Golden States Water 
iter to 258,191 customers in 75 com- 

((MILL.) 
Cash Assets ; 76.0 
Other 160.5 153.4 133.5 company Through its 
Current Assets 184.0 191.6 209.5 Company, it supplies > 

Accts Payable 
41:; 

rnunities and 10 counties. Service areas include the greater 
metropolitan areas of Los Angeles and Orange Counties. The com- Debt Due 
pany also provides electric utility services to 23,716 customers in 

Other 
Current Liab. 
Fix. Chg. Cov. 468% 531% 533% American States Water's earnings 
ANNUAL RATES Past Past Est'd '11-'13 growth should be modest through 

a 
the city of Big I 
Sold ChaDaKal 

Target Price Range 
2018 12019 12020 

60 
50 
40 
30 
25 
20 
15 

10 
I 1 7 . 5  

%TO+. RETURN 3/15 t THIS VL ARlTH ' 
STOCK INDEX 

ar Lake and in areas of San Bernardino County. 
tv Water of Arizona W l l L  Has 707 employees. 

Blackrock, Inc., o k s  9.8% of out. shares; Vanguard, 8.5%; off. 8 
dir. 1.5%. (4115 Proxy). Chairman: Lloyd Ross. President 8 CEO: 
Robert J. Sprowls. Inc: CA Addr: 630 East Foothill Boulevard, San 
Dimas. CA 91773. Tel: 909-394-3600. Internet: www.aswater.com. 

dustry in response t o  the record-breaking 
drought now plaguing the region. Usually, 
a decrease in water usage translates into 
reduced revenues for a utility, making con- 
servation almost not in their interest. In a 
process known as  decoupling, GSWC is al- 
lowed to structure fees that result in it not 
being penalized to incentivize households 
to use less water. Indeed, over the past six 
years, water usage has declined 16%-17%. 
Moreover, California permits utilities to 
collect increased expenses as they are in- 
curred, not after the fact, as many other 
state regulators require. 
Management believes that a 5% divi- 
dend growth rate is sustainable over 
the next 3- to 5-year period. Though 
this is below historical levels, the expected 
increase in the annual payout is not far off 
the industry average. With the help from 
nonregulated businesses, we think there is 
potential upside to this figure. 
American Water shares do not stand 
out for either short- or long-term 
potential performance. The stocks 
strong showing has eliminated much of its 
attractiveness. 
James A. Flood April 17, 2015 

Price Gmwth Persistence 70 ' I  
~ - \ ~ ~ ~ ~ ~ ,  

14$); :lo, (23$) '11, io$. Ne? earnings'iepori &e, September, and dekrnber. 1 dv'd rein- 
ue mid-May. Quarlerly earnings may not add I vestment plan available. 
0 2015 Value Line Publishin LLC All ri hls reserved. Factual matenal is obtained from sources believed to be reliable and is provided wiUlaut warranties of an kind 
THE PUBLISHER IS NOT RE!PONSIBLEQOR ANY ERRORS OR OMISSIONS HEREIN. This ublication is strinly fa subscriber's awn non-commercial. internal use. i o  pari 
of L may be reproduced. resold. stored a vansrntned in any printed, eledronic or other form, M use!for generaung or rnarkmng any pinted 0; electnnic publicatim, sewice or product. 

http://www.aswater.com
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Fix. Chg. Cov. 297% 307% 300% 
9NNUAL RATES Past Past Est'd '11-'I3 
Xchanpe(persh) 10Yn. SYrs. to'18-'20 
ievenues _ _  3.0% 4.5% 

32.5% 6.0% Cash Flow" _ _  
zarnings ._ _ _  7.5% 
3ividends ._ _ _  8.0% 

-5% 5.0% 3 w k  Value -. 

Gal- QUARTERLY REVENUES (f mill.) ~ ~ 1 1  
mdar Mar.31 Jun. 30 Sep. 30 Dec. 31 Year 
2012 618.5 745.6 831.8 681.0 2876! 
2013 636.1 724.3 829.2 712.3 2901 
2014 679.0 754.8 846.1 731.4 3011. 
2015 700 805 880 790 3175 
2016 735 840 920 830 3325 
Cal- EARNINGS PER SHARE A FUII 

endar Mar.31 Jun. 30 Sep. 30 Dec. 31 Yea1 
2012 .28 .66 .87 .30 2.11 
2013 .32 .57 .04 3 3  2.M 
2014 .39 62 .& .52 2.3: 
2015 .45 .70 1.00 .45 261 
2016 .50 .75 1.05 .50 2.81 
cat- QUARTERLY DIVIDENDS PAID B. ~ ~ 1 1  

endar Mar.31 Jun.30 Sep.30 Dec.31 Year 
2011 .22 .23 .23 .23 .91 
2012 .23 .23 .25 .50 1.21 

2014 .28 .31 .31 .31 1.21 
2015 .31 

2013 - -  .28 .26 .28 .84 

M J J A S O N D J I  1 

4) Diluted earnings. Excludes nonrecurring 
KFS: '08, $4.62; '09, $2.63; '11, $0.07. Dis- 

yntinued operations: '06, ($0.04); '1 1,  $0 03; 
12, ($0.10); '13,($0.01); '14. 60.05). Next 

Institutional Decisions 

ea1 
ing 
Diu 
ani 

CAPITAL STRUCTURE as of 12131114 
Total Debt $5959 3 mil. Due in 6 Yrs $12945 mil. 
LT Debt $5448.2 mil. 
(Total interest coverage: 3 . 0 ~ )  (53% of Cap'l) 

Leases, Uncapitalized: Annual rentals $14.0 mill. 
Pension Assets 12/14 $1428.2 mill 

Pfd Stock $17.2 mill. 

Common Stock 179,787.780 shs 
as of 211912016 

MARKET CAP $9.8 billion fhrae Cad 

LT Interest $278.0 mil. 

Oblig. $1746.5 mill. 
Pfd Div'd $ 5  mill 

igs report due early May. Qualterly earn- Two payments made in 4th quarler of 2012. (C) Company's Financial Strength 
may not sum due to rounding. (B) In millions. (D) Includes intangibles. In 2014: Stock's Pricestability 

snds paid in March, June, September, $1.21 billion, $6.73/share. (E) Pro forma num- PriceGrowth Persistence 

E+ 
100 
85 

. .  . .  . .  , lecember. Div. reinvestment available. bers for '06 & '07. Earnings Predictability 20 

3.15 .- d.97 d2.14 1.10 1.25 1.53 1.72 2.11 2.06 2.39 2.60 2.80EarningspershA 
_. .. .40 .82 86 .91 1.21 .84 1.21 1.33 1.42 Div'dDecl'dpershB. 1.70 - -  
_ -  431 4.74 6.31 4.50 4.38 5.27 5.25 5.50 5.33 5.55 5.55 Cap'lSpending wrsh 6.25 
.- 1 2386 I 2839 1 2564 1 2291 I 2359 1 2411 1 2511 
- -  1 16000 [ 16000 116000 117463 117500 117566 117699 
_. _. I - - I  189 I 156 I 146 I 168 I 167 - 1  1141 1041 931 1051 106 

19% 42% 38% 31% 34% 
- -  20931 22142 23369 24407 27107 26662 28769 
.- d1558dM23 1872 2099 2678 3049 3743 _ _  - -  374% 379% 404% 395% 407% 

BUSINESS: American Water Works Company, Inc. is the largest 
investor-owned water and wastewater utility in the US., providing 
Services to over 15 million people in over 47 states and Canada. 
(Regulated presence in 16 states.) Nonregulated business assists 
municipalities and military bases with the maintenance and upkeep 
as well. Regulated operations made up 88 8% of 2014 revenues. 

New Jersey is its largest market accounting for 22.7% of regulated 
revenues. Has roughly 6,400 employees. BlackRock. Inc., owns 
10.0% of outstanding shares; Vanguard, 6.3%; officers & directors, 
less than 1.0%. (4/14 Proxy). Pres. 8 CEO: Susan Story. Chair- 
man: George Mackenzie. Addr.: 1025 Laurel Oak Road, Voorhees, 
NJ 08043 Tel.: 856-346-8200. Internet: w.amwater.com. 

American Water Works recently com- 
pleted another successful year. Thanks 
to a strong fourth quarter, the company 
posted a hefty 16% year-over-year share- 
net gain in 2014. 
We expect this trend to continue. One 
of the strengths of American Water is in 
its ability to make many small tuck-in ac- 
quisitions and integrate them into existing 
operations. In addition to the synergies 
realized from these purchases, manage- 
ment continues to place a significant em- 
phasis on driving down costs. (Last year's 
key expense ratio fell from 38.5% t o  
36.7%) Since, like most members of this 
industry, the company needs to make 
large expenditures to improve its infra- 
structure, it  will have t o  spend roughly $1 
billion annually for the foreseeable future. 
Higher investment increases American 
Water's assets that it is allowed to earn a 
return on. Though comparison with last 
year's impressive results will be difficult, 
we expect the company to record healthy 
earnings-per-share gains of 8% in both 
2015 and 2016. 
American Water stands out in com- 
parison to most of its Deers. For start- 

ers, this is a market in which size matters. 
AWK's market capitalization represents 
more than half that of all of the nine 
stocks in this industry combined. As small- 
er municipally-run water districts realize 
that the don't have the financial 
wherewitla1 required to maintain their 
systems, American Water should be the 
main beneficiary. As the largest buyer of 
pipes, meters, etc., it is able to get better 
pricing. Moreover, being so diversified ge- 
ographically, the utility already is familiar 
with all federal and state regulations. 
The balance sheet should remain 
about average. American Water probably 
won't be able to generate sufficient cash to 
cover its large construction budget 
through late decade. So, more debt will be 
required. As a result, we don't expect the 
Financial Strength rating t o  be raised. 
These shares are ranked to out- 
perform the market avera es in the 
year ahead. But despite all opthe compa- 
ny's positive attributes, the equity's total 
return potential through 2016-2018 is be- 
low average for the typical stock in the 
Value Line universe. 
James A. Flood Aoril 1 7. 20 1.5 
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SAFETY 2 Raised 4120112 

......... Institutional Decisions 
FIN14 a2014 4QN14 percent 15 

bBUY 127 139 137 shares 10 
bSdI 133 126 140 traded 5 
Hlds(0W) 81999 80311 81382 
1999 2000 2001 2002 2003 2004 

1.93 1.97 2.16 2.28 2.38 2.76 
.58 .61 .69 .76 .77 8i 
.33 .37 .41 .43 .46 .51 
.22 .23 .24 .26 .28 .2E 
.72 .93 .87 96 1.06 1.22 

2.74 3.08 332 3.49 4.27 4 71 
133.50 139.78 142.47 141.49 154.31 158.91 

21.2 18.2 23.6 23.6 24.5 25 1 
1.21 1.18 1.21 1.29 1.40 1.32 

3.0% 3.3% 2.5% 2.5% 2.5% 2.3% 
CAPITAL STRUCTURE as of 12/31/14 
Total Debt $1630.7 mill. Due in 5 Yrs $436.9 mill. 
LT Debt $1560.7 mill. 
:Total interest coverage: 3 .9~)  (49% of Cap'l) 

Pension Assets-12/14 232.4 mill. 
Oblig. $281.2 mill. 

FTd Stock None 
Gornrnon Stock 176,823,519 shares 
as of 2/12/15 

MARKET CAP $4.7 billion [Mid Cap) 

LT Interest $70.0 mill. 

XRRENT POSITION 2012 

)ash Assets 5.5 
ieceivables 92.9 
nventory (AvgCst) 11.8 
3her 150.7 
:urrent Assets 260.9 

[WILL.) 
2013 12/31/14 

5 1  4 1  
9 5 4  9 7 0  
1 1 4  1 2 8  
5 9 8  3 8 6  

171 7 1525 
k c t s  Payable 55.5 65.8 60.0 
Iebt  Due 125.4 123.0 70.0 
3her 93.3 78.1 95.3 
:urrent Liab. 274.2 266.9 225.3 
=ix. Chg. Cov. 
ZNNUAL RATES 
fchange(persh) 
?evenues 
Cash Flow" 
:arnings 
lividends 
300k Value - 
Cal- 

2102 
2013 
2014 
2015 

Cal- 

2012 
2013 
2014 
2015 

Cal- 
tndar 
2011 
2012 
2013 
1014 

) Dilu 
>, (W 

* 

2016 

,nd;lr 

2016 

- 

2015 

$. EX, 

413% 388% 389% 

180.0 195.7 204.3 188.6 768.6 
182.7 1953 210.5 191.4 779.9 
185 200 215 200 800 

Year 

50 
54 
58 
63 

- 

avai 

.14 .14 ,152 ,152 
,152 ,152 ,165 ,165 
,165 

1 egs. Exd. nonrec. gains (losses): 
00,,2$; '01, 2$; '02, 4$; '03, 3$; '12, 
gain from disc. operations: '12, 7$; 
1. 116 May not sum due to rounding. 

3.08 3.23 3.61 3.71 3.93 4.21 
3; 1 1::; 1 1::; 1 1::; 1 1:;; 1 1.42 

.72 

1 .I 
~ 

28 2 
22 4 

f l l  
25 4 

Target Price Rang 
2018 I 2019  12021 

64 
48 
40 
32 
24 
20 
16 
12 

I 
BUSINESS: Aqua America, Inc. is the holding company for water 
and wastewater utilities that serve approximately three million resi- 
dents in Pennsylvania, Ohio, North Carolina, Illinois, Texas, New 
Jersey, Florida, Indiana, and five other states. Has 1,617 employ- 
ees. Acquired Aquasource, 7/03; Consumers Water, 4/99; and 
others. Water supply revenues '14: residential, 68%; commercial. 

Aqua America has healthy long-term 
dividend growth prospects. Based upon 
our projections of the company's ability to 
internally generate cash, we estimate that 
the annual payout may increase roughly 
9% per annum through 2018-2020. This is 
a much higher rate than that of the typical 
stock in the industry. 
Earnin s gains will probably moder- 
ate bot% this year and next. Excluding 
the $0.11-a-share gain from the sale of its 
operations in Fort Wayne, Aqua's share 
net rose 3.4% in 2014. Considering that 
2013 was a n  exceptional year, the com- 
parison was actually good. Due to some 
rate relief, synergies from acquisitions, 
and the ability to earn returns on capital 
investments with little regulatory lag, we 
expect the utility to record 4% bottom-line 
increases in both 20t5 and 2016. 
Expansion via acquisitions is a major 
part of the company's strategy. Most 
water systems in the U.S. are small and 
municipally owned. Over the past two 
decades, Aqua has made over 300 pur- 
chases, including 16 in 2014. As these 
smaller water districts realize that they do 
not have the finances t o  modernize their 

I I I I 1 I I I 
6 

%TOT. RETURN 3/15 ......... ..... ............ .............. . .  

- -  I - -  I 1.1% 1 2.4% 1 2.0% 1 2.5% IAFUDC 56 to Net Profit 1 3.0% 
1 50.0% 52.7% 1 52.7% I 48.9% I 48.5% 1 49.5% 1 50.0% ILona-Term Debt Ratio 

47 3% 47 3% 51 1?6 51 5% 50.5% 50.0% Common Equity Ratio 50.0% 
2646 8 2929 7 3003 6 3216 1 3370 3505 Total Capital ($mill) 3955 

6 9% 66% 8 0% 7.5% 8.0% 7.5% Return on Total Cao'l 8.5% 
36129 39362 41673 44020 4550 4700 NetPlant($mill) 5m 

11.6% 11.0% 13.4% 12.9% 13.0% 13.0% ReturnonShr.Equi 14.5% 
11.6% 11.0% 13.4% 12.9% 13.0% 13.0% RetumonComEquity 14.5% 
4.6% 4.3% 67% 6.1% 5.5% 5.5% Retained toCom Eq 6.0% 
60% 61% 50% 53% 57% 53% AllDiv'ds to Net Prof 59% 

I , I I I 

17% industrial 8 other, 15% Officers and dlrectors own .8% of the 
common stock; Vangurad Group, 6.6%; State Street Capital Corp., 
6.3%; Blackrock, Inc, 6.1% (4114 Proxy). Chalrman 8 Chief Execu- 
tive Officer: Nicholas DeBenedictis. Incorporated: Pennsylvania. 
Address: 762 West Lancaster Avenue, Bryn Maw, Pennsylvania 
19010. Telephone: 61 0-525-1400. Internet: w.aauaamerica.com. 

aging infrastructures, they will continue to 
look toward merging with larger compa- 
nies. With a significant amount of 
redundancies, cost savings from synergies 
can be significant in this industry 
LOW energy prices could impact non- 
regulated operations. Hydraulic frack- 
ing has become a major presence in Aqua's 
service areas. With each well requiring 
five million gallons of water, transporting 
it by truck is both burdensome and expen- 
sive. Extending pipeline systems directly 
to the wells can be very profitable for 
water utilities. Revenues from this sector 
should decline, however, as drillers shut 
wells until the energy market recovers. 
Investors willing to sacrifice some re- 
turns for more certainty may like 
these shares. On the plus side, Aqua 
America stock has a decent well-protected 
dividend yield, favorable payout growth 
prospects, a solid balance sheet, the high- 
est (95) mark for Stock Price Stability, 
well-defined earnings, and a 2 (Above 
Average) Safety rank. All told, we believe 
that the potential total returns are ade- 
quate on a risk-adjusted basis. 
James A. Flood April 17. 2015 

iarnings report due mid-May. (C) In millions, adjusted for stock splits Company's Financial Strength A 
didends historically paid in early March, Stock's Price Stability 95 
Sept. 8 Dec. 1 Div'd. reinvestment plan Price Growth Persistence 60 
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RECENT CALIFORNIA WATER N Y S E ~ ~  (PEE 
TIMELINESS 3 Raised6120114 

SAFETY 3 towered 7/27/07 
1 ::.: 1 I 

divided b Interes! Rale 
EG:P$;DIVldends sh 

Raised 4/3115 . . . . Relative svength 
BETA .15 (l.OO=Marbl) 2-for-1 split 6/11 

og%2,,a 
Ann'l Total - 

Price Gain Return 
High 35 (+40% f 7 %  

Insider Decisions 
Low 25 (Nil] 3% ,il~~i,~,,l,ll ,,,, 

M J J A S O N 0  J 

Institutional Decisions 

.77 I .66 I .47 1 .63 1 .61 I .7? 
54 1 5 5  I .56 1 .56 1 .56 I 57 

1.721 1.231 2.04 2.911 2.191 1.87 

CAPITAL STRUCTURE as of 12131114 
Total Debt $504 9 mill. Due in 6 Yrs $206.7 mill. 
LT Debt $419.2 miii. LT Interest $20.0 mill. 
(LT interest earned: 4 . 2 ~ ;  total int. cov.: 4.0~) 

(40% of Cap'l) 
Pension Assets-12114$306.3 mill. 

Pfd Stock None 

Common Stock 47,800.997 shs 
as of 21W6 

Oblig. $390.6 mill. 

MARKET CAP $1.2 billion (Mid Cap) 
CURRENT POSITION 2012 2013 12/31/14 

1SMILL.I 
Ca&Gets 38.8 27.5 19.6 
Other 107.8 112.0 134.5 
Current Assets 146.6 139.5 154.1 
Accts Payable 4 6 8  55.1 59.4 
Debt Due 136.3 54.7 85.7 
Other 59.7 56.8 7 2 6  
Current Liab. 242.8 166.6 217.7 
Fix. Chg. Cov. 296% 301% E 
ANNUALRATES Past Past Est', 11-'13 

8.20 ofcharge(persh) 1OYrs. 5Yrs. to 
Revenues 4.0% 7.0% 
Cash Flow" 6.0% 6.5% 

Earnings 5.5% 4.0% 
Dividends 1.0% 1.5% 
Book Value 55% 4.5% 

2015 
2016 

Cal- 
endar 
2012 
2013 
2014 
2015 
2016 

Cal- 
endar 
2011 
2012 

- 

- 

- 

.01 .28 .61 
d.11 .36 .70 2 4  

2013 .16 .I6 .I6 .16 
2014 ,1625 ,1625 ,1625 ,1625 
2015 ,1675 

0% 
5% 
5% 
0% 
5% __ 

Full 
Year 

560.0 
584.1 
597.5 
615 
635 
Full 
Year 
1.02 
1.02 
1.19 
1.20 
1.20 

Full 
Year 

.62 

.63 

.64 

.65 

~ 

~ 

- 

__ 

4) Basic EPS. Excl. nonrecurring gain 

igs report due mid-May. (6) Dividends 
IO, (4$); '01, 2$; '02, 4$; '11, 4$. Next earn- 

ally paid in late Feb., May, Auq.. and Nov. 

2005 2006 
872 810 
152 136 

74 67 
57 58 

201 214 
7 90 907 

36 78 41 31 
249 292 
133 158 

31% 29% 

3207 3347 
272 256 

4241 374% 
33% 106% 

483% 435% 
51 1% 559Oh 
5681 6701 
8627 941 5 
63% 52% 
93% 68% 
9 3% 6 8 1  
21% 10% 
78% 86% 

1010.2 I 1112.4 1 1198.1 I 1294.3 
5.9% 1 7.1% I 6.5% 1 5.5% 

77% 61% 60% 66Oh I 
BUSINESS California Water Service Group p r o 7  

Target Price Rangt I !  2018 I 2019 1202( 

48 
40 
32 
24 
20 
16 

I I I i I i i I 

I 
8 

-6 
%TOT. RETURN 3/15 

THIS YLARN. '  

regulated and quired Rio Grande Cow; West Hawaii Utilities (91081. Revenue 
nonregulated water Service to 477,900 customers in 85 com- 
munities in the state of California. Accounts for over 94% of total 
customers. Also operates in Washington, New Mexico, and Hawaii. 
Main service areas: San Francisco Bay area, Sacramento Valley, 
Salinas Valley, San Joaquin Valley & parts of Los Angeles. Ac- 

State regulators (CPUC) have been 
working well with California Water 
Services during the region's historic 
drought. The more water it sells, the 
more revenues a water utility generates. 
Due to the ongoing lack of rainfall, the 
CPUC has implemented "decoupling." This 
mechanism encourages conservation, with- 
out having a major impact on a water util- 
it s profits. 
TLe company had a much better-than- 
expected fourth quarter. Fueled by rate 
relief implemented last year and reduced 
expenses, California Water's earnings per 
share doubled t o  $0.24, on a year-over- 
year basis in the December interim. This 
resulted in a hefty 17% bottom-line gain in 
2014. 
We expect profits to be flattish over 
the next two years. The bulk of the earn- 
ings gains resulting from higher rates 
were reflected in California Water's earn- 
ings in 2014. Based on state regulations, 
California water utilities can only file for 
adjustments for increased expenses once 
every three years. With most of the recent 
cost reductions probably not sustainable, 
we estimate that the company's share 
'einvestment pian available. 
A. intangible assets. In '14 : $7 3 mill., 

;iIians, adiusted far solits. 

(E) Excludes non-reg. rev. 

breakdown, '14: residential, 68%; business, 19%; industrial, 5%; 
public authorities, 3 %  other 5%. '14 reported depreciation rate: 
4.0%. Has 1,105 employees. President, Chairman, and CEO: Peter 
C. Nelson. Inc.: DE. Address: 1720 North First St., San Jose, CA 
951 12-4598 Tel.: 408-367-8200. Internet: www.calwatergroup.com. 

earnings will barely budge from last year's 
tall of $1.19, and come in at $1.20 for 
bot; 2015 and 2016. 
The latest dividend hike was a bit of a 
disappointment. We had been looking 
for a 4.6% increase in the quarterly payout 
to $0.17 a share, instead it was only raised 
by 3.1% to $0.1675. 
California Water's finances are in fine 
shape. The equity-to-total capital ratio 
was at an industry high of 60% at year- 
end 2014. Much of this can be attributed 
to a large equity offering in 2013. Capital 
expenditures to replace an aging pipleine 
infrastructure will probably increase in 
the years ahead. Because of the strong bal- 
ance sheet, we don't anticipate any ma'or 
equity offerings out to the late decade. Ad- 
ditional debt may be required, but we be- 
lieve the utility's financial metrics will 
remain above the industry averages. 
These shares are not of particular in- 
terest at this juncture. On the plus side, 
CWTS yield is  higher than most of the 
stocks in the water industry. Over the pull 
t o  2018-2020, however, the stock has 
below-average total return potential. 
James A. Flood April 17, 2015 

Company's Financial Stnngth B++ 
Stock's Price Stability 95 

40 Price Growth Persistence 
Eaminos Predictabilitv 90 . .  
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.85 
1.96 

11.52 
8.17 

1.52 
3.4% 

47.5 

28.6 

loo;; 0 0 0 0 0 0 0 0 ol:.._ 
Opions 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0  
Institutional Decisions 

.86 87 .88 .90 .92 .94 .96 .98 1.01 f.05 1.09 Div'd Decl'd persh 1.30 
1.96 2.24 2.44 3.28 3 06 2.61 2.79 3.02 4.11 4.60 4.15 Cap'lSpending persh 2.85 

11.60 11.95 12.23 12.67 13.05 13.50 20.95 17.92 1884 20.10 2 L f 5  BookValuepershD 24.f5 
8.27 8.38 8.46 8.57 8.68 8.76 8.85 11.04 11.12 11.20 11.35 CommonShsOutst'gc 12.00 
29.0 23.0 22.2 18.4 20.7 23.0 19.4 184 17.7 Boldfigurn am Avg Ann'l PIE Ratio f9.0 

1.20 1.57 1.22 1.34 1.23 1.32 1.44 1.23 1 03 .93 vd"sLim Relative PIE Ratio 
3.6% 3.6% 3.6% 4.1% 3.9% 3.6% 3.2% 3.2% 3.0% Avg Ann'l Div'd Yield 2.8% 

46.9 59.0 61.3 59.4 66.4 69.4 83.8 91.5 94.0 98.0 102 Revenues ISmilll 150 

79 1 79 1 80 1 81 1 83 1 8, 
1421 1431 1861 1981 1491 151 

72 
- -  
.. 

44.9% 

18.2 18.2 21.5 24.3 23.5 22.! 
1.04 1.18 1.10 1.33 1.34 

4.2% 4.0% 3.3% 3.0% 3.0% 3 11 

CAPITAL STRUCTURE as of 12/31/14 
Total Debt $181.0 rnili. Due in 5 Yrs $19.3 mill. 
LT Debt $176.6 mill. LT Interest $7.0 mill. 
(Total interest coverage: 4 . 4 ~ )  

Leases, Uncapitalized: Annual rentals $.l mill. 
Pension Assets-l2/14 $61.6 mill. 

(46% of Cap'l) 

Obiig. $79.8 mill. 

... 

6.7 8.8 9.4 102 9.8 9.9 13.6 18.3 21.3 23.0 24.0 Net Prgi($rnilli 21.0 
23.5% 32.4% 27.2% 19.5% 35.2% 41.3% 32.01 28.01 14.5% 18.0% 19.5% IncomeTax Rate 30.0% 

_. _. 1.7% .- _. - -  1.7% 2.0% 2.4% 2.5% 2.5% AFUDCSb to NetProft 2.0% 
44.4% 47.8% 46.9% 50.6% 49.5Oh 53 2% 49.0% 46.9% 45.7% 45.5% 41.5% Lona-Term Debt Ratio 41.5% 

K d  Stock $0.8 mill. Pfd Divd NMF 

54.6% 
172.3 
247.7 
5.0% 
7.5% 
7.6% 
3% 
95% 

CommonStock 11,152,627 shs. 
as OF 3/1/15 
MARKETCAP 5400 million (Small Cap) 
CURRENT POSITION 2012 2013 12/31/14 

Cash Assets 13.2 18.4 2.5 
Accounts Receivable 11.5 12.3 12.0 

11.7 16.2 21.7 Other 
Current Assets 36.4 46.9 36.2 
Accts Payable 10.0 10.8 10.0 
Debt Due 3.0 4.1 4.4 
Other 2.9 7.8 9.2 
Current Liab. 15.9 22.7 23.6 
Fix. Chg. Cov. 408% 375% 375% 
ANNUAL RATES Past Past Est'd '11-'13 
ofchange(prsh) 1OYrs. SYrs. to'18-'20 
Revenues 4.0% 5.0% 5.5% 
Cash Flow" 3.0% 6.5% 5.5% 

Earnings 2.5% 8.0% 6.5% 
Dividends 15% 2.0% 4.5% 
Book Value 6.0% 8.0% 4.5% 

(OMILL.) 

~-~ 

__ 

55.1% 51.8% 52.7% 49.1% 50.2% 46.5% 50.8% 529% 54.2% 54.5% 52.5% CoimonEquity Ratio 52.5% 
174.1 193.2 196.5 221.3 225.6 254.2 364.6 373.6 386.8 420 455 Total Capital ($mill) 550 
268.1 284.3 302.3 325.2 344.2 3624 447.9 471.9 506.9 535 560 NetPlant ($mill) 615 
4.9% 5.5% 5.9% 5.5% 5.4% 4.9% 4.8% 5.9% 6.4% 6.5% 6.5% Return on TotalCap'l 6.0% 
6.9% 8.7% 9.0% 9.3% 8.6% 8.3% 7.3% 9.2% 10.2% 10.0% lO.O%ReturnonShr.Equih/ 9.5% 
7.0% 9.ZQh 10.2% 10.0% fO.0% Return on Com Equity 9.5% 
NMF 3.8% 4.5% 4.5% 4.5% Retained toCom Eq 4.0% 

105Oh 59% 53% 53% 52% All Div'ds toNet Prof 58% 

Cal. 

2012 
2013 
2014 
2015 
2016 

Cal- 

2012 
2013 
2014 
201 5 
2016 

Cal- 

2011 

,ndar 

__ 

% 

16% 
82% 

20.3 25.4 27.6 20.7 

19% 23% 16% 14% 28% 
79% 76% 81% 83% 62% 

98.1 
102. I 
Full 
Year 
1.53 
166 
1 92 
2.00 
2.10 

Full 
Year 

94: 
96: 

~ 

~ 

__ 

~ 

September. and December. Div'd rein- 
!nt plan available. 
millions, adjusted for split. 

2012 
2013 
2014 

L) Dilul I earnings. Next earnings report due 
id-May. Quarterly earnings do not add in 

BI Dividends historically paid in mid-March 
012 due to rounding. 

lion/$2.85 a share. Company's Financial Strength B+ 
Stock's Price Stability 85 
Prim Growth Persistance 

2425 2425 2475 2475 
2415 2475 2575 2575 101 
2515 1 

THIS VL ARITH' 
STOCK INDEX 

r 9 5  7 7  
r 4 0 9  572 
r 845 945  

1 I I I I 1 I I I I , 

I 21 I ,  
r 4 0 9  572 
r 845 945  

out Connecticut and Maine Acquired The Maine Water Company. 

Connecticut Water Services will be 
hard-pressed to repeat last year's im- 
pressive performance. Share net rose 
16% in 2014, thanks mostly to an a ree 
ment with regulators regarding a retat; 
from the IRS. Still, we estimate that the 
utility can string together two consecutive 
solid years in 2015 and 2016. Margins are 
improving as the company is successfully 
integrating two acquisitions made in 2012. 
Moreover, the Biddleford and Sac0 opera- 
tion in Maine was recently granted a sig- 
nificant rate increase. As a result, we 
think Connecticut Water can still grow 
earnings 4%-5% per annum over the next 
two years. 
Capital expenditures are scheduled to 
be large in the short term. In addition, 
to having to replace older pipes (like al- 
most every other water utility), the compa- 
ny has agreed to supply water to two new 
customers. Funds are being spent to ex- 
tend the infrastructure in Connecticut to 
service the town of Mansfield and the Uni- 
versity of Connecticut's Storrs campus, 
which is the size of a small city. Overall, 
we ex ect the capital budget to average 
over &IO million a year through 2016. 

which represents a 10% increase over the 
relatively large outlays made in 2014. 
Starting in 201 7, however, construction 
should take a breather. 
The balance sheet is strong enough to 
handle the increased spending. The 
equity-to-total capital ratio will most likely 
decline from its very healthy level of 54.5% 
to 52.5% by year-end 2016. Despite the 
dip, this percentage is high for a water 
utility. 
Dividend growth prospects have im- 
proved. Over the past five- and 10-year 
periods, the company has only raised its 
annual payout b 1.5% and 2.0%, respec- 
tively. This rate Lgged the industry mean 
by a wide margin. We expect this gap to 
narrow substantially in the long term. In- 
deed, dividend hikes through late decade 
will probably average 4.5%. 
Shares of Connecticut Water do not 
hold much appeal at their recent 
price. Despite having a high yield, the 
stock is expected to only perform in line 
with the market averages in the year 
ahead. Potential returns through late 
decade are even less attractive. 
James A.  Flood Ami1 17 201.5 

, .  . dudes intangibles. In '2014: $31.7 mil- I 
2015 Value Line Publishin LLC. All ri hls reserved. Factual malenal is obtained hom sources believed to be reliable and is provided without warranties of an kind 
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5.35 
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.76 
.60 

2.33 
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10.00 
17.6 
1.00 

4.4% 
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toBuy 2 0 0 0 1 0  1 0  ot* 
Options 0 0 0 0 0 0 0 0 0 
tosell 1 0 0 0 1 0 0 0 1 
Institutional Decisions 

5.39 5.87 5.98 6.12 6.2! 
99 1.18 1.20 1.15 1.21 
S I  .66 .73 .61 .7: 
61 .62 63 65 .M 

1.32 1.25 1.59 1.87 2.51 
6.98 7.11 7.39 7.60 8.0: 

10.11 10.17 10.36 10.48 11.3t 
287 24.6 23.5 30.0 26.4 
1.87 1.26 1.28 1.71 1.3I 

4.2% 3.8% 3.7% 3.5% 3.4% 

6.44 
1.33 
.71 
.67 

2.18 
8.26 

11.58 
27.4 
1.46 

35% 

74.6 
8.5 

27.696 
.- 

55.3% 

MARKETCAP $376 million (Small Cap) 
CURRENT POSITION 2012 2013 12/31/14 

Cash Assets 3.0 4.8 2.7 
Other 21.6 21.0 20.2 
Current Assets 24.8 25.8 22.9 

($MILL.) 

6.16 6.50 6.79 6.75 6.60 6.50 6.98 7.19 7.26 7.40 7.70Revenuesperah 9.10 
1.33 1.49 1.53 1.40 1.55 1.46 1.56 172 1.90 1.95 2.OO"CashFlow"persh 2.25 
.82 .87 .89 .72 .96 .84 .90 1.03 1.13 1.15 1.20 Earningspersh A 1 ~ 1.35 
.68 .69 .70 .71 .72 .73 .74 .75 .76 .7? .78 Div'd Oecl'd per sh B. .85 

2.31 1.66 2.12 1.49 190 1.50 1.36 1.26 1.40 1.80 2,OOCap'lSpndingprsh 2.00 
9.52 10.05 10.03 10.33 11.13 11.27 11.48 11.82 12.24 12.75 13.25BookValuepersh 14.30 

13.17 13.25 13.40 13.52 15.57 15.70 15.82 15.96 16.12 16.25 16.25 CommonShsOutst'gC 17.00 
22.7 21.6 19.8 21.0 17.8 21.7 20.8 19.7 19.5 6 o ~ ~ u 1 1 r s r a r n  AvgAnn'lPiERatio 20.5 
1.23 1.15 1.19 140 1.13 1.36 1.32 1.11 1.01 va'uoLim RelativePIERatio 1.30 

3.7% 3.7% 4.0% 4.7% 4.2% 4.0% 4.0% 3.7% 3.5% ostiirah* Avg Ann'l Div'd TIM 3.1% 

81.1 86.1 91.0 912 102.7 102.1 110.4 114.8 117.1 120 125Revenues($mill) 155 
100 11.8 12.2 10.0 14.3 ___________ 13.4 14.4 16.6 18.4 18.6 18.6 NetProfX($mill) 23.0 

33.4% 32.61 33.2% 341% 32.1% 32.7Oh 33.9Oh 34.1% 35.0% 34.5% 34.0% Income Tax Rate 34.0% 
.. ._ .. - -  6.8% 6.1% 3.4% 1.9% 1.0% 1.0% 1.5% AFUDC% toNet Profit 2.5% 

49.5% 49.0% 45.6% 46.6% 43.1% 42.3% 41.5% 40.4% 40.5% 40.5% 42.0% Lona-Tern Debt Ratio 43.5% 

Accts Payable 3.8 6.3 6.4 
Debt Due 11.1 33.8 24.9 

41.1 12.6 3 6  Other 
Current Liab. 56.0 52.7 43.9 

_ _ _ _  

41 3?6 
231 7 
2880 

475% 496% 51 8% 521% 558% 566% 574% 587% 588% 58.5% 57.5% ConhonEquity Ratio 56.5% 
2640 2688 2594 2679 3105 3125 3165 321 4 3357 350 375 TotalCapital($mill) 430 
3171 3339 3663 3765 4059 4222 4352 4465 4654 485 505 NetPlantISmill) 550 

2013 27.0 29.1 31.3 27.4 114.1 
2014 27.1 29.2 32.7 28.1 117. 
2015 28.0 30.0 33.0 29.0 120 

5.0% 
8.2% 
8.6% 

.Soh 
94% 

2016 29.0 31.0 35.0 30.0 

mdar Mar.31 Jun. 30 Sep. 30 Dec. 31 Year 

5.1% 56% 5.8% 50% 5.7% 6.5% 5.2% 5.4% 5.9% 6.5% 6.0% Return onTotaiCap'l 6.5% 
7.5% 8.6% 8.6% 7.0% 8.11 7.5% 7.8Oh 8.7% 9.3% 9.0% 9.0% ReturnonShr.Equity 9.5% 
7.8% 8.7% 8.9% 7.0% 8.2% 7.5% 7.8% 8.7% 9.3% 9.0% 9.0%ReturnonComEquity 9.5% 
1.3% 1.8% 2.0% .I% 2.1% 1.0% 1.4% 24% 3.0% 3.0% 3.W6RetainedtoComEq 3.5% 
84% 79% 78% 98% 75% 87% 83% 73% 67% 67% 65% All Oiv'dstoNet Prof 63% 

20 28  .36 % 2 0  2 9  .42 ::; !% 
2015 .21 31 .43 .20 1.f5 

Cat- 
Bndar 
2012 

2016 1 .22 .32 .45 .21 1 1.20 
CaI- I QUARTERLY DIVIDENDS PAID a I F ~ I I  

QUARTERLY REVENUES (6 mill.\ FUII 
Year 

23.5 27.4 32.4 27.1 1 110/ 
Mar.31 Jun. 30 Sep. 30 DE. 31 

iM t  1 1:25 19 19 1925 I ,: 
i) Diluted earnings May not sum due to plar 
iunding Next earnings report due mid-May 

d) Dividends historically paid in mid-Feb , 
lav Auo and November. Divd reinvestment 

iailable. 
millions, adjusted for splits. 

Company's Financial Strength B++ 
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Stock's Price Stability 95 
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I it: I :i 7 1 ;7 
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High 45 (+45% 12% 
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Insider Decisions 
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2 21 

81 
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2 8% 

216 1 
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40 4% 
2 0% 
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499 6 
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6 0% 
6 0% 
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~ 

____ 

____ 

__ 

~ 

~ 
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~ 

~ 

~ 
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__ 
28 2 
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~ 
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24 5 

- 
35 1 
20 0 
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12 12 
2 44 
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65 
3 79 

13 99 
18 18 
26 2 
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2 3% 
220 3 
20 2 

39 5% 
2 3% 

46 0% 
54 0% 
470 9 
684 2 
5 8% 
8 0% 
8 0% 
3 3% 
59% 
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~ 

~ 

__ 

__ 

~ 
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__ 

__ 

~ 
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33.7 35.7 Target Price Range 
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2011 2012 
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111 1.18 
.69 .71 

3.75 567 
14.20 14.71 
18.59 18.67 
21.2 20.4 
1.33 1.30 

2.9% 3.0% 
239.0 261.5 
20.9 22.3 

41.1% 41.1% 

56.6% 55.0% 
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~~ 
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2005 

9 86 
2 21 
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53 
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10 72 
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19 7 
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2 4% 

180 1 
20 7 
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1 6% 
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5 6% 
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~ 
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17.80 

.43 ~ .40 ~ .41 ~ 

.46 ~ 

.49 1 .51 
1.77 1.89 2.63 2.06 3.41 2.31 
7.88 7.90 8.17 8.40 9.11 10.11 

18.27 18.27 18.27 18.27 18.27 18.27 
15.5 33.1 18.5 17.3 15.4 19.6 

17.75 I 18.30 1 19.05 I Book Value p r  sh I 21.30 
20.29 I 20.50 I 21.00 I Common Shs Outst'g 1 23.00 
11.0 I B o f d m h  am [AVO Ann'l PIE Ratio 1 22.0 

58 hm Reiative PIE Ratio 1.40 
27% Avg Ann'l Div'd Yield 2.8% 

319 7 290 295 Revenues ($mill) 405 
51 8 27.5 29.0 NetProft($mill) 40.0 

32.5% 37.0% 36.0% Income Tax Rate 38.0% 
1.0% 1.0% 1.0% AFUOC X to Net Profit 1.5% 

51 6% 52.5% 52.5% Long-Term Debt Ratio 53.5% 
48 4% 47.5% 47.5% Common Equity Ratio 46.5% 
744 6 790 845 Total Capital ($mill) 1025 

8 3% 5.0% 5.0% Return on Total Cap'l 5.5% 
14 4% 7.5% 7.5% Return on Shr. Equity 8.0% 
14 4Oh 7.5% 7.5% Return on Com Equity 8.0% 
10 l0h 3.0% 3.0% Retained to Com Eq 3.5% 

28Oh 58% 58% All Div'ds to Net Prof 59% 

963 0 1010 1065 Net Plant ($mill) 1200 

.88 2.15 .95 .34 .88 1.04 
3.0% 2.1% 3.0% 34% 3.5% 3.01 

CAPITAL STRUCTURE as of 12131114 
Total Debt $398.2 mill. Due in 5Yrs $21.2 mill. 
LT Debt $384.4 mill. LT Interest $18.1 mill. 
(Total interest coverage: 2 .9~)  

Leases, Uncapitalized: Annual rentals $5.5 mill. 

Pension Assets-12/14 $91.4 mill. 

pfd Stock None. 

(52% of Cap'i) 

Oblig. $128.7 mill 

aaoes f the Droduction. Dur- Austin. rexas. The comDanv offers nonreaulated water-related 
chase, storage, purificai 

. .  
n. distribuion, and retail kale of wate;. It- services. Also owns and operates commeru'al real estate invest- 

provides wafer Service to approximately 229,000 connections that 
Serve a population of approximately one million people in the San 
Jose area and 12,000 connections that serve approximately 36,000 
residents in a service area in the region between San Antonio and 

SJWs main operating service area is 
in the midst of an historic drought. 
The vast majority of the utility's revenues 
are derived from its water operations in 
the thriving San Jose area of California. 
The lack of rain and snow in the 
mountains has led to the state placing 
severe restrictions on water usage for con- 
servation purposes. This should result in a 
steep decline in demand for water. To 
date, regulators have worked with water 
utilities using a mechanism know as 
"decoupling." Basically, this process 
doesn't meaningfully penalize utilities for 
encouraging residents to reduce consump- 
tion. 
SJWs earnings have been skewed. In 
2014, the company's profits more than 
doubled due to a one-time event. The utili- 
ty received a large payment in the third 
quarter for past expenses that it was 
forced to absorb. Since the funds were 
received as compensation for normal busi- 
ness expenses, we did not classify it as a 
nonrecurring event. 
SJWs bottom line should post decent 
gains over the next two years. We 
think that the company's share net can 

ments. Has about 395 employees. Officers 8 directors (including 
Nancy 0. Moss) own 27.9% of outstanding shares. Chrm.: Charles 
J. Toeniskoetter. Inc.: CA. Address: 110 W. Taylor Street, San 
Jose, CA 95110. Tel.: (408) 279-7800. Int www.sjwater.com. 

reach $1.35 in 2015. If 2014 had been a 
normal year, the year-over-year com- 
parison would have been favorable. Next 
year's per-share earnings will probably 
only show a modest $0.05-a-share increase 
to $1.40, however. During 2015 and 2016, 
opposite forces will be at work pulling the 
utility's profits in different directions. On 
the positive side, SJW will be earning a re- 
turn on the funds spent modernizing its 
pipeline infrastructure. Conversely, mar- 
gins may be restrained by the scarcity of 
surface water, which would force SJW t o  
pay more t o  either extract more ground 
water or purchase it from other sources. 
The recent dividend increase was ade- 
quate. Though the 4% hike was positive 
in that it was higher than the company's 
historical growth rate, we thought that 
there was room for a 5% raise. This would 
have put the company's growth rate more 
in line with the industry norm. 
These shares are ranked to underper- 
form the broader market averages in 
the year ahead. Moreover, total return 
potential over the next three- to five-year 
period is subpar, as well. 
James A. Flood April 1 7, 201 5 
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319.; 
290 
295 
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Year 
1.10 
1.12 
2.54 
1.35 
1.40 
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~ 

QUARTERLY REVENUES ($ mill.) 
Mar.31 Jun. 30 Sep. 30 Dec. 31 

742 052 674 
546 704 1254 693 

Cal- 

2012 
2013 
2014 
2015 
2016 
Cal- 
,ndar 
2012 
2013 
2014 
2015 
2016 I .05 .40 .57 .38 1 

,ndar 

Cai- I QUARTERLY DIVIDENDS PAID 8. I 

34 100 28 
.05 .40 .53 .37 

indar I Mar.31 Jun.30 Sep.30 Dec.31 I Year 
2011 ,173 ,173 ,173 ,173 69 
2012 ,1775 ,1775 ,1775 ,1775 71 

1025 1025 1025 1025 73 
1075 1075 1075 1075 75 

j due to rounding. (C) In millions, adjusted for stock splits. Company's Financial strength B+ 

September. and December. = Div'd rein- Price Growth Persistence 30 
!nt Plan available. Earninas Predictabilitv 70 

iidends historically paid in early March, Stock's Price Stability 80 
L) Diluted earnings. Excludes nonrecutring not 
sses : '03, $1.97; '04, $3.78; '05, $1.09; '06, (6) 
16.36; '08, $1.22; '10, $0.46. Next earnings Jun 
port due mid-Mav. Puarterlv earninas may ves - . ,  
2015 Va Je m e  PJblisnin L C All rI nl\ rrserved FaclLal maleral s onaineo horn so.iro5 ne w n  In hi, rr dnir anc s provoed hlh0.1 Nairanes 01 an N ~ O  
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10.1 10.7 10.9 10.7 
10.6 11.8 120 11.5 
11.0 12.0 12.5 12.5 
11.5 12.5 13.0 13.0 

EARNINGS PERSHARE A 
Mar.31 Jun. 30 Sep. 30 Dee. 31 

.15 .I7 22 .18 

.I7 . I8 .19 .21 

.I6 .22 .23 .28 

.I9 .25 .26 .25 

.20 .26 .28 .26 
QUARTERLY DNIDENDS PAID 6 

Mac31 Jun.30 Sep.30 Dec.31 
,131 ,131 ,131 ,131 
,134 ,134 ,134 ,134 
,138 ,138 ,138 ,138 
,1431 ,1431 ,1431 1431 
,1495 ,1495 

12.8 

42. 
45. 
48. 
50. 

FUII 
Year 

.72 

.75 

.89 

.95 
I,& 
FUII 
Year 

.52 

.53 

.5E 

.57 

d earnings. Next earnings report due (C] 

~ 

18 1 
15 8 

__ 
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- 
__ 

--f 
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~ 

__ 

.... .__.. 
__ m 
2011 

3 18 
109 

71 
53 
14 

7 45 
12 79 
23 9 
150 

3 1% 

40 6 
91 

35 3% 
1 1Qh 

47 1% 
52 9% 

233 0 
6 4% 
9 5% 
9 5% 
2 5% 
731 

~ 

~ 

~ 

__ 

~ 

~ 

~ 

1802 

~ 

~ 

~ 

~ 

18.5 
15.5 'IMELINESS ~ 3 1 2 7 1 1 5  1 1 i::: I ii.; 1 

;AFETY 
divided b Interes! Rate 

IETA 10 (1.00= Market) 2-for-1 split 5/02 

2018-20 PROJECTIONS ~ f % ~ ~ $ ~  "06 

ew 7/19/13 LEGENDS - 1 10 x Dividends sh 
Lowered4117'15 

, . . . Relative $rice Strength 

Ann'l Total !haded area indn 
DAra h i n  Roturn 

Target Price Range 
2018 I2019 12020 

64 I 

. . ._- --.. . . .. 

,,. l l l~~,, , 
nsider Decisions 

QBUY I 0 4 2 1 4 0 0 4  
Iplionr 0 0 0 0 0 0 0 0 0 

M J J A S 0 N D J I*' 
"" 

osru 0 1 0 0 0 0 0 0 0 '  e.. ........ 
nstitutional Decisions ' e.... 

zp2014 M2014 a2014 percent 12. 

1999 I 2000 1 2001 1 2002 2003 I 2004 

IDBUY 29 30 32 shares 8 
I Q S d  28 30 24 traded 4 
Hlds(0W) 3603 3656 3767 

'12 

=H-W %TOT. RETURN 3/15 
.....e... i THIS VL ARlTH . 

STOCK INDEX 
l y r  222  7 7  
3yr 51 6 512 
5v r  1032 945 w 

2 79 
86 
57 

169 
5 97 

11 27 
30 3 
161 

2 8% 

31 4 
64 

36 5% 
3 6% 

46 5% 
53 5% 
125 7 
191 6 
6 7% 
9 5% 
9 5% 
17% 
82% 

2007 

4a 
~ 

__ 
~ 

__ 

~ 

~ 

__ 

__ 

~ 

luLuull 
!005 2006 

2 58 256 
79 77 
56 58 
42 45 

169 185 
4 85 5 84 

1040 1120 
263 312 
140 168 

29% 25% 

58 61  
367% 344% 

- 72% 
441% 483% 
559% 51 7% 

903 1265 
1553 1744 
84% 62% 

116% 93Qh 
116% 93% 
30Qh 22% 
74% 77% 

268 287 

- -  _ -  2.05 2.05 2.17 2.18 
- -  - _  .59 57 .65 .65 
- -  - - .43 .40 .47 .49 
- - - - .34 .35 .37 .39 
- -  - -  .75 .& 1.07 2.50 
- -  - -  3.79 3.90 4.06 4.65 _ _  - -  946 9.55 9.63 10.33 

- -  .91 1.47 1.40 1 36 
- -  4.4% 3.3Oh 3.2% 3.1% 

- _  - -  17 a 26.9 24.5 25.7 
- -  
.- 

:APITAL STRUCTUREas of 12131114 
rota1 Debt $84.8 mill. 
LT Debt $84.8 mill. 
Total interest coverage: 4.0~) 

Pension Assets 12/14 $30.6 mill. 

PFd Stock None 

Common Stock 12,837,661 shs 
as of 3/9/14 

MARKET CAP $300 million (Small Cap) 

Due in 6 Yrs $30.5 mill 
LT Interest $5.1 mill. 

(45% of Cap'l) 

Oblig. $40.9 mill. 

CURRENT POSITION 2012 2013 12131114 

Cash Assets 4.0 7 6  1.5 
Accounts Receivable 6.4 3.8 4.0 

1.2 3.8 5.7 Other 
Current Assets 11 6 15.2 112  

1.1 1.8 1.6 Accts Payable 
Debt Due . I  - -  
Other 4.3 6.0 4.3 
Current Liab. 5.5 7.8 5.9 
Fix. Chg. Cov. 414% 417% 417% 
ANNUAL RATES Past Past Est'd '11-'13 
ofchange(persh) 10Yn. 6Yrs. to'W'20 
Revenues 4.5% 3.0% 5.5% 
"Cash Flow" 6.5% 6.5% 6.5% 
Earnings 5.5% 5 0 %  6.5% 
Dividends 4.5% 2.5% 5.0% 
Book Value 7 0 %  5.0% 3.0% 

($MILL.) 

~ _ _ ~  

.. 

217 118 83 
614 692 719 

1137 1256 1269 
246 21 9 207 
148 146 132 

35% 36% 35% 

328 310 390 
64 7 5  89 

361% 379% 385OA 
101% - -  12% 

45 5% 543% 51 7% 
1534 1601 1764 

57% 62% 65% 
92% 86% 98% 

1 4Qh 19% 27% 

545% 4571 483% 

211 4 222 o 2284 

9 2 1  86% 98% 

85% 781 72% 
~~ 

BUSINESS: The York V 
regulated water utility ir 

uouslv since 1816. As 

ter Company is the olde! 
he United States It has ooerated contin- sewer billina Services incorporated PA York had 106 full-time e m  

nvestor-owned nues: commerc and industrial (29%): other (8%). It also provides 

December 31, 2014, the company's aver- ployees a i  12/31/14. PresidenVCEO. Jeffrey R Hines Of- 
age daily availability was 35.2 million gallons and its service terri- 
tory had an estimated population of 190,000. Has more than 65,100 
customers Residential customers accounted for 63% of 2014 reve- 

ficersldirectors own 1.1% of the common stock (4115 proxy). Ad- 
dress: 130 East Market Street York, Pennsylvania 17401. Tele- 
phone (717) 845-3601. Internet: www.yorkwater.com. 

York Water had a strong finish in will remain near this level through the 
2014. Share earnings came in at $0.28, end of the decade. 
$0.04 above our fourth-quarter estimate, The balance sheet is strong enough to 
which was actually a few cents higher handle these expenses. At the end of 
than the Wall Street consensus. For the 2014, Yorks equity-to-total capital ratio 
full year, the company was able t o  post a stood at 55%, much higher than the indus- 
robust 19% year-over-year increase in the try norm. And, even though we expect this 
bottom line. metric to weaken, we estimate that it will 
Earnings growth should moderate, still be a healthy 52% in three t o  five 
but remain solid. The December inter- years. 
im's gains were due to a combination of a York shares are expected to perform 
lower tax rate, better cost controls, and in line with the broader market aver- 
higher tariffs being in effect. Although the ages in the year ahead. True, the com- 
rate relief will not have as large an impact pany's earnings outlook is improving and 
on profits goin forward, we still expect the stocks yield is 50 basis points higher 
York to benefit from a reduced tax burden than the typical stock followed by Value 
and a successful cost-containment pro- Line. However, these positive attributes 
gram. All told, we expect earnings per appear to be already incorporated into the 
share t o  rise 7% this year, to $0.95, and in- price of the stock. Indeed, the equity's 
crease by a nickel in 2016, to  $1.00. long-term potential returns are unattrac- 
Capital spending has picked up. As is tive as it is already trading well within our 
the case with almost all of its peers, the projected 2018-2020 Target Price Range. 
company is in the process of repairing and Those investors seekin safety, current in- 
modernizing a n  aging pipeline and come, and well-definef earnings, as well 
wastewater infrastructure. Last year, con- as good dividend growth, can probably find 
struction expenditures rose a hefty 40% a better selection in the water utility in- 
as management targeted more funds for dustry. 
this purpose. We believe that the budget James A. Flood April 17, 201: 

Mar.31 Jun. 30 Sep. 30 Dec. 31 Year 
Cal- 

endar 
2012 
2013 
2014 
2015 
2016 

Cal- 

2012 
2013 
2014 
2015 
2016 

Cal- 
endar 
2011 
2012 
2013 
2014 
2015 

a) Dilu 
lid-Ma 
B) Divi 
,pril, Ji 

01 it may 

~ 

endar 

~ 

~ 

0 2015 ' 
THE PUE 

Company's Financial Strength B+ 
Stock's Price Stability 90 
Price Growth Persistence 55 

millions, adjusted for splits. I mds historically paid in midJanuary, 
and October. I 

ue Line Publishin LLC All ri hts reserved. Factual material is obtained from sources believed to be reliable and IS prarided without warranties of an kind 
SHER IS NOT RE%PONSIBLE%OR ANY ERRORS OR OMISSIONS HEREIN. This ublication is strictly for subscribs's own. non-commercial,,internal use. i o  part 
reproduced, resold. stored or transmined in any printed. elechonic or other form. or usegfor generating M marketing any printed or electronic publication. SeMCe Or product. 
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Exhibit PMA-6 

Arizona Water Company 
Current Institutional Holdings and Individual Holdings 

the Proxy Group o f Eight Publicly Traded Water Companies 

May 29,2015 May 29,2015 
Percentage of Percentage of 
Institutional Individual 

Holdings Holdings (1) 

Proxy Group of Eight Publicly 
Traded Water Comuanies 
American States Water Co. 
American Water Works Co., Inc. 
Aqua America, Inc. 
California Water Service Group 
Connecticut Water Service, Inc. 
Middlesex Water Company 
SJW Corporation 
York Water Company 

70.205 % 
90.234 

52.14 
73.036 
40.484 
42.557 
59.898 
32.918 

29.80 Yo 
9.77 

47.86 
26.96 
59.52 
57.44 
40.10 
67.08 

Average 

Notes: 
(1) (1 - column 1). 

Source of Information: 

57.68 Yo 42.32 Yo 

Bloomberg Professional, May 29,2015 
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Arizona Water Company 
Summary of Risk Premium Models for the 

Proxy Group of Eipht Publicly Traded Water Companies 

Proxy Group of 
Eight Publicly 
Traded Water 

Companies 
Predictive Risk Premium 
Model '" (PRPM'") (1) 

Risk Premium Using an 
Adjusted Total Market 
Approach (2) 

11.59 % 

9.93 % 

Average 10.76 Yo 

Notes: 
(1) From page 2 of this Exhibit. 
(2) From page 3 of this Exhibit. 
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Arizona Water Company 
Prow GrouD of Eight Publicly Traded Water Comoanies 

Indicated ROE 
Derived by the Predictive Risk Premium Model (11 

LT Average Spot Average GARCH Predicted 
Proxy Group of Eight Publicly Predicted Predicted Predicted Coefficien Risk Premium Risk-Free 
Traded Water Companies Variance Variance Variance t (2) Rate (3) 

American States Water Co. 
American Water Works Co., Inc. 
Aqua America, Inc. 
California Water Service Group 
Connecticut Water Service, Inc. 
Middlesex Water Company 
SJW Corporation 
York Water Company 

0.39% 
NM 

0.47% 
0.31% 
0.28% 
0.27% 
0.42% 
0.45% 

0.44% 
NM 

0.32% 
0.35% 
0.25% 
0.33% 
0.41% 
0.38% 

0.42% 
NM 

0.39% 
0.33% 
0.27% 
0.30% 
0.42% 
0.42% 

1.66296 

2.2 2 9 8 2 
1.84347 
1.76572 

1.9692 
1.35495 
1.95298 

NM 
8.71% 3.69% 

NM 3.69% 
10.95% 3.69% 

7.55% 3.69% 
5.87% 3.69% 
7.32% 3.69% 
7.05% 3.69% 

10.30% 3.69% 

Average 

Median 

Average of Mean and Median 

[71 

Indicate 
d ROE 
(4) 

12.40% 

14.64% 
11.24% 

9.56% 
11.01% 
10.74% 
13.99% 

11.94% 

NM 

- 
11.24% - 
11.59% 

Notes: 
(1) The Predictive Risk Premium Model uses historical data to generate a predicted variance and a 

GARCH coefficient. The historical data used are the equity risk premiums for the first available 
trading month as reported by CRSP ' Data'2012 through May 2015. Center for Research in Security 
Prices, The University of Chicago Booth School of Business and Bloomberg Professional Service. 

(l+(Column [I] * Column [21) "lzl - I. 
From note 2 of Exhibit PMA-8. 

(21 
(3) 
(4) Column [3] +Column [4]. 
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Line No. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Notes: 

Arizona Water Company 
Indicated Common Equity Cost Rate 

Through Use of a Risk Premium Model 
Usin? an Adjusted Total Market Aoproach 

Proxy Group of 
Eight Publicly 
Traded Water 

Companies 

Prospective Yield on Aaa Rated 
Corporate Bonds (1) 4.75 Yo 

Adjustment to Reflect Yield Spread 
Between Aaa Rated Corporate 
Bonds and A Rated Public 
Utility Bonds 0.18 (2) 

Adjusted Prospective Yield on A Rated 
Public Utility Bonds 4.93 % 

Adjustment to Reflect Bond 
Rating Difference of Proxy Group 0.13 (3) 

Adjusted Prospective Bond Yield 5.06 % 

Equity Risk Premium (5) 4.87 

Risk Premium Derived Common 
Equity Cost Rate 9.93 ?A 

(1) The average forecast of Moody's Aaa Rated Coroprate bonds per the 
consensus of nearly 50 economists reported in Blue Chip Financial 
Forecasts. (See pages 9 and 10 of this Exhibit. The projection is 
illustrated below: 

Second Quarter 2015 3.80 % 
Third Quarter 2015 4.00 
Fourth Quarter 2015 4.20 
First Quarter 2016 4.40 
Second Quarter 2016 4.70 
Third Quarter 2016 4.90 
2017-2021 5.90 
2022-2026 6.10 

4.75 Yo 

(2) The average yield spread of A rated public utility bonds over Aaa 
rated corporate bonds of 0.18% from page 4 of this Exhibit. 

(3) Adjustment to reflect the A2 /A3 Moody's LT issuer rating of the 
proxy group of eight publicly traded water companies as shown on 
page 6 of this Exhibit. The 13 basis point upward adjustment is 
derived by taking 1/6 of the spread between A2 and A3 Public 
Utility Bonds (1/6 * 0.76% = 0.13%) as derived from page 4 of this 
Exhibit. 

(4) From page 7 of this Exhibit. 
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Arizona Water Company 
Interest Rates and Bond Spreads for 

Moody's Corporate and Public Ut i l i ty  Bonds 

Selected Bond Yields 

PI 131 

Aaa Rated A Rated Public Baa Rated Public 
Corporate Bond Utility Bond Util i ty Bond 

Mar- 15 3.64 % 3.74 % 4.51 5% 
Apr-15 3.52 3.75 4.51 
May-15 3.98 4.17 4.91 

Average 3.71 Yo 3.89 Yo 4.65 % 

Selected Bond Spreads 

A Rated Public Utility Bonds Over Aaa Rated Corporate Bonds: 
0.18 Yo (1) 

Baa Rated Public Utility Bonds Over A Rated Public Utility Bonds: 
0.76 Yo (2) 

Notes: 
(1) Column [2] - Column [l]. 
(2) Column [3] - Column [2]. 

Source of Information: 
Bloomberg Professional Service 
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Proxy Group of Eight Publicly 
Traded Water Comoanies 

Arizona Water Company 
Comparison of Long-Term Issuer Ratingsfor the 

Proxv Group of Eipht Publicly Traded Water Companies 

Moody's Standard & Poor's 

May 2015 May 2015  

Long-Term Issuer Rating Long-Term Issuer Rating 

American States Water Co. (2) 
American Water Works Co., Inc. (3) 
Aqua America, Inc. (4) 
California Water Service Group (5) 
Connecticut Water Service, Inc. (6) 
Middlesex Water Company 
SJW Corporation (7) 
York Water Company 

Average 

Long-Term 
Issuer 
Rating 

Numerical 
Weighting( 1) 

Long-Term 
Issuer 
Rating 

Numerical 
Weighting( 1) 

A2 

A3 
NR 
NR 
NR 
NR 
NR 
NR 

A2/A3 

6.0 
7.0 

_ -  

A+ 
A- 
A+ 
A+ 
A 
A- 
A 
A- 
A 

5.0 
7.0 
5.0 
5.0 
6.0 
7.0 
6.0 
7.0 
6.0 

Notes: 

(1) From page 6 of this Exhibit. 
(2) Ratings are  those of Golden State Water Company. 
(3) Ratings are those of Pennsylvania American Water and New Jersey American 

(4) Ratings are those of Aqua Pennsylvania, Inc. 
(5) Ratings are those of California Water Service Co. 
(6) Ratings are  those of Connecticut Water Company. 
(7) Ratings are those of San Jose Water Co. 

Water. 

Source Information: Moody's Investors Service 
Standard & Poor's Global Utilities Rating Service 



Moody's 
Bond Rating 

Aaa 

Aa 1 
Aa2 
Aa3 

A I  
A2 
A3 

Baal 
Baa2 
Baa3 

Bal 
Ba2 
Ba3 

B 
82 
B3 

Exhibit PMA-7 
Page 6 of 11 

Numerical Assignment for 
Moody's and Standard & Poor's Bond Ratings 

Numerical 
Bond Weiqhting 

1 

2 
3 
4 

5 
6 
7 

8 
9 
10 

11 
12 
13 

14 
15 
16 

Standard & Poor's 
Bond Rating 

AA+ 
AA 
AA- 

A+ 
A 
A- 

BBB+ 
BBB 
BBB- 

BB+ 
BB 
B B- 

B+ 
B 
B- 
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Line 
No. 

Arizona Water Company 
Judgment of Equity Risk Premium for 

the Proxy Group of Eight Publicly Traded Water Companies 

Proxy Group of Eight 
Publicly Traded 

Water ComDanies 

1. Calculated equity risk 
premium based on the 
total market using 
the beta approach (1) 4.96 % 

2. Mean equity risk premium 
based on a study 
using the holding period 
returns of public utilities 
with A rated bonds (2) 4.77 

3. Average equity risk premium 4.87 Yo 

Notes: (1) From page 8 of this Exhibit. 
(2) From page 11 of this Exhibit. 
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Arizona Water Company 
Derivation of Equity Risk Premium Based on the Total Market Approach 

Using the Beta for 
the Proxv Group of Eieht Publicly Traded Water Compa nies 

Eight Publicly 
Traded Water 

Line No. Equity Risk Premium Measure Companies 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Notes: 

Ibbotson Equity Risk Premium (1) 5.89 Yo 

lbbotson Equity Risk Premium based on PRPMTM (2) 6.34 

Equity Risk Premium Based on Value Line 
Summary and Index (3) 5.05 

Equity Risk Premium Based on S&P 500 
Companies(4) 8.47 

Conclusion of Equity Risk Premium (5) 6.44 % 

Adjusted Beta (6) 0.77 

Forecasted Equity Risk Premium 4.96 % 

(1) Based on the arithmetic mean historical monthly returns on large company common 
stocks from Ibbotson@ SBBI@ 2015 Market Report minus the arithmetic mean monthly 
yield of Moody's Aaa and Aa corporate bonds from 1926 - 2014. (12.07% - 6.18% = 
5.89%). 

(2) The Predictive Risk Premium Model (PRPM] is discussed in Ms. Ahern's accompanying 
direct testimony. The Ibbotson equity risk premium based on the PRPM is derived by 
applying the PRPM to the monthly risk premiums between lbbotson large company 
common stock monthly returns minus the average Aaa and Aa corporate monthly bond 
yields, from January 1928 through April 2015. 

(3) The equity risk premium based on the Value Line Summary and Index is derived from 
taking the projected 3-5 year total annual market return of 9.80% (described fully Ms. 
Ahern's direct testimony) and subtracting the average consensus forecast of Aaa 
corporate bonds of 4.75% (Shown on page 3 of this Exhibit). (9.80% - 4.75% = 5.05%). 

(4) Using data from the Bloomberg Professional Service for the S&P 500, an expected total 
return of 13.22% was derived based upon expected dividend yields and long-term 
growth estimates as a proxy for capital appreciation. Subtracting the average consensus 
forecast of Aaa corporate bonds of 4.75% results in a expected equity risk premium of 

(5) Average of lines 1 through 4. 
(6) Average of mean and median beta from Exhibit PMA-8. 

8.47%. (13.22% - 4.75% = 8.47%). 

Sources of Information: 
Stocks. Bonds. Bills. and Inflation - Ibbotson@ SBBl@ 2015 Market Report, Morningstar, 
Inc., 2015 Chicago, IL. 
Industrial Manual and Mergent Bond Record Monthly Update. 
Value Line Summary and Index 
Blue Chip Financial Forecasts, June 1, 2015 
Bloomberg Professional Services 
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Consensus Forecasts Of U.S. Interest Rates And Key Assumptions' 
_____________________________________History ________________________________________- 
_ _ _ _ _ _ _  Average For Week Ending------ ----Average For Month---- Latest Q 

Interest Rates Mav29 May22 May15 May8 & Mar. Feb. 102015 
Federal Funds Rate 0.12 0.13 0.13 0.12 0.12 0.11 0.11 0.11 
Prime Rate 3.25 3.25 3.25 3.25 3.25 3.25 3.25 3.25 
LIBOR, 3-mo. 0.29 0.29 0.29 0.29 0.28 0.26 0.26 0.26 
Commercial Paper, 1-mo. 0.08 0.08 0.08 0.08 0.07 0.08 0.08 0.08 
Treasury bill, 3-mo. 0.02 0.02 0.02 0.01 0.02 0.03 0.02 0.03 
Treasury bill, 6-mo. 0.08 0.08 0.09 0.08 0.09 0.11 0.07 0.09 
Treasury bill, 1 yr. 0.24 0.23 0.24 0.24 0.23 0.25 0.22 0.22 
Treasury note, 2 yr. 0.63 0.61 0.59 0.62 0.54 0.64 0.62 0.60 
Treasury note, 5 yr. 1.54 1.54 1.54 1.54 1.35 1.52 1.57 1.49 
Treasury note, 10 yr. 2.17 2.23 224 2.19 1.94 2.04 1.98 1.97 
Treasury note, 30 yr. 2.94 3.02 3.02 2.91 2.59 2.63 2.57 2.55 
Corporate Aaa bond 3.99 4.07 4.02 3.91 3.52 3.64 3.61 3.51 
Corporate Baa bond 4.90 4.96 4.94 4.82 4.48 4.54 4.51 4.50 
State & Local bonds 3.73 3.81 3.74 3.14 3.51 3.59 3.58 3.52 
Home mortgage rate 3.87 3.84 3.85 3.80 3.67 3.17 3.71 3.73 

________________________________________History ________________________________________--- 
2Q 3 4  4Q 1Q 2Q 3Q 4Q IQ 

Key Assumptions - - - _ _ - ~ -  2013 2013 2013 2014 2014 2014 2014 2015 
Major Currency Index 76.4 16.1 76.0 77.1 76.6 77.8 82.6 89.4 
Real GDP 1.8 4.5 3.5 -2.1 4.6 5.0 2.2 -0.7 
GDP Price Index 1.2 1.7 1.5 1.3 2.1 1.4 0.1 -0.1 
Consumer Price Index -0.1 2.3 1.4 2.1 2.4 1.2 -0.9 -3.1 
Forecasts for interest rates and the Federal Reserve's Maior Currencv Index reuresent averages for the auarter. Forecasts f 

Consensus Forecasts-Quarterly Avg. 
2Q 3Q 4Q 1Q 2Q 3Q 
2015 2015 2015 2016 2016 2016 
0.1 0.3 0.5 0.8 1.1 1.4 
3.3 3.3 3.5 3.8 4.1 4.5 
0.3 0.4 0.1 1.0 1.4 1.7 
0.1 0.3 0.5 0.9 1.2 1.5 
0.0 0.2 0.5 0.8 1.1 1.4 
0.1 0.3 0.6 0.9 1.2 1.5 
0.3 0.5 0.8 1.1 1.4 1.7 
0.6 0.9 1.2 1.5 1.8 2.1 
1.5 1.7 2.0 2.2 2.4 2.7 
2.1 2.3 2.5 2.1 2.9 3.1 
2.8 3.0 3.2 3.4 3.6 3.7 
3.8 4.0 4.2 4.4 4.1 4.9 
4.7 4.9 5.0 5.2 5.4 5.6 
3.1 3.8 4.0 4.2 4.4 4.6 
3.8 4.0 4.2 4.5 4.1 4.9 

Consensus Forecasts-Quarterly 
2Q 3Q 4Q 1Q 2Q 3Q 
2015 2015 2015 2016 2016 2016 
90.4 90.9 91.6 91.7 91.6 91.3 
2.6 3.2 3.0 2.1 2.8 2.8 
1.7 1.8 1.8 1.9 2.0 2.1 
2.2 2.2 2.2 2.1 2.3 2.4 

Real GDP. GDP Price Index and Consumer Price - 
Index are seasonally-adjusted annual rates of change (saar). Individual panel members' forecasts are on pages 4 through 9. Historical data for interest rates except LBOR is from 
Federal Reserve Release (FRSR) H.15. LIBOR quotes available from The Wall Street Journal. Interest rate definitions are same as those in FRSR H.15. Treasury yields are 
reported on a constant maturity basis. Historical data for Fed's Major Currency Index is from FRSR H. 10 and (3.5. Historical data for Real GDP and GDP Chained Price Index 
are from the Bureau of Economic Analysis (BEA). Consumer Price Index (CPI) history is from the Department of Labor's Bureau ofLabor Statistics (BLS). 

U.S. Treasury Yield Curve 
Week ended May 29, 2015 and Year Ago vs. 
2Q 2015 and 3 0  2016 Consensus Forecasts 
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Long-Range Estimates: I 
The table below contains results of our semi-annual long-range CONSENSUS survey. There are also Top 10 and bottom 10 averages for each varia- 
ble. Shown are estimates for the years 2017 through 2021 and averages for the five-year periods 2017-2021 and 2022-2026. Apply these projections 
cautiously. Few economic, demographic and political forces can be evaluated accurately over such long time spans. 

Interest Rates 
1. Federal Funds Rate 

2. Prime Rate 

3. LIBOR, 3-Mo. 

4. Commercial Paper, I-Mo. 

5. Treasury Bill Yield, 3-Mo. 

6. Treasury Bill Yield, 6-Mo. 

7. Treasury Bill Yield, 1-Yr. 

8. Treasury Note Yield, 2-Yr. 

10. Treasury Note Meld, 5-Yr. 

11. Treasury Note Yield, IO-Yr. 

12. Treasury Bond Yield, 30-Yr. 

13. Corporate Aaa Bond Yield 

13. Corporate Baa Bond Yield 

14. State & Local Bonds Yield 

15. Home Mortgage Rate 

A. FRB - Major Currency Index 

B. Real GDP 

C. GDP Chained Price Index 

D. Consumer Price Index 

CONSENSUS 
Top 10 Average 
Bottom 10 Average 

Top 10 Average 
Bottom 10Average 

Top 10 Average 
Bottom 10 Average 

Top 10 Average 
Bottom 10 Average 

Top 10 Average 
Bottom 10 Average 

Top 10 Average 
Bottom lOAverage 

Top 10 Average 
Bottom 10 Average 

Top 10 Average 
Bottom 10 Average 

Top 10 Average 
Bottom 10Average 

Top 10 Average 
Bottom 10 Average 

Top 10 Average 
Bottom 10 Average 

Top 10 Average 
Bottom 10 Average 

Top 10 Average 
Bottom 10 Average 

Top 10 Average 
Bottom 10 Average 

Top 10 Average 
Bottom 10 Average 

Top 10 Average 
Bottom 10 Average 

CONSENSUS 

CONSENSUS 

CONS ENS US 

CONS ENS US 

CONSENSUS 

CONSENSUS 

CONS ENS US 

CONSENSUS 

CONSENSUS 

CONSENSUS 

CONSENSUS 

CONSENSUS 

CONSENSUS 

CONSENSUS 

CONSENSUS 

CONSENSUS 
Top 10 Average 
Bottom 10Average 

Top 10 Average 
Bottom 10 Average 

Top 10 Average 
Bottom 10 Average 

CONSENSUS 

CONSENSUS 

Average For The Year- Five-Year Averages 

2.5 3.3 3 .5 3.6 3.7 3.3 3.5 
3.1 4.0 4.2 4.3 4.2 4.0 4.0 
1.8 2.5 2.7 2.8 3.0 2.6 2.9 
5.5 6.2 6.5 6.6 6.6 6.3 6.5 
6.1 7.0 7.3 7.3 7.3 7.0 7.0 
4.7 5.3 5.6 5.8 5.9 5.5 5.8 
2.7 3.5 3.8 3.9 3.9 3.6 3.8 
3.4 4.3 4.6 4.6 4.6 4.3 4.4 
1.9 2.7 2.9 3.1 3.1 2.7 3.0 
2.6 3.4 3.7 3.8 3.8 3 .5 3.7 
3.2 4.0 4.3 4.3 4.3 4.0 4.0 
2.1 2.8 3.0 3.2 3.2 2.9 3.3 
2.4 3.1 3.4 3 5 3.5 3.2 3 A 
3.2 3.9 4.2 4.3 4.2 3.9 4.0 
1.7 2.3 2.6 2.8 2.9 2.4 2.7 
2.5 3.2 3.5 3.7 3.7 3.3 3.5 
3.4 4.1 4.4 4.5 4.4 4.1 4.2 
1.8 2.4 2.7 2.9 3.0 2.6 2.8 
2.8 3.5 3.7 3.8 3.8 3.5 3.7 
3.6 4.3 4.5 4.6 4.5 4.3 4.4 
1.9 2.6 2.9 3.0 3.0 2.7 2.9 
3 .O 3.6 3.9 4 .0 4.0 3.7 3.9 
3.9 4.4 4.7 4.8 4.8 4.5 4.6 
2.1 2.8 3.0 3.1 3.1 2.8 3.0 
3.4 3.9 4.1 4 3  4.3 4 .0 4.2 
4.1 4.7 5.1 5.2 5.2 4.8 5.0 
2.6 3.0 3.1 3.3 3.3 3.1 3.3 
3.7 4.2 4.4 4.6 4.6 4.3 4.5 
4.5 5.1 5.5 5.7 5.8 5.3 5.6 
3.0 3.2 3.4 3.5 3.6 3.3 3.5 
4 3  4.7 4.9 5.1 5.1 4.8 5.0 
5.1 5.7 6.0 6.2 6.2 5.8 6.1 

2017 2018 2019 2020 = 2017-2021 2022-2024 

3.4 3.7 3.8 4.0 4.0 3.8 3.8 
5.4 5.8 5.9 6.1 6.1 5.9 6.1 
6.0 6.5 6.8 7.0 7.1 6.7 6.9 
4.8 5.0 5.1 5.2 5.2 5.0 5.3 
6.1 6.6 6.8 6.9 6.9 6.7 6.9 
6.9 7.4 7.8 8.0 8.0 7.6 8.0 
5.4 5.7 5.7 5.8 5.8 5.7 5.9 
4.9 5.1 5 3  5.4 5.4 5.2 5.3 
5.6 5.9 6.1 6.2 6.2 6.0 6.1 
4.2 4.4 4.4 4.5 4.5 4.4 4.6 
5.4 5.8 6.0 6.1 6.1 5.9 6 .0 
6.0 6.6 7.0 7.1 7.1 6.8 6.9 
4.7 4.9 5.0 5.2 5.2 5.0 5.0 

90.0 89.8 89.1 88.5 88.1 89.1 87.9 
93.7 93.8 93.4 92.9 92.7 93.3 92.4 
86.4 85.8 84.7 84.2 83.5 84.9 83.4 

-Year-Over-Year, % Change- Fiw-Year Averages 

2.6 2.5 2.4 2.4 2.4 2.5 2 3  
3.0 2.9 2.8 2.8 2.8 2.9 2.7 
2.2 2.1 2.0 1.9 2.0 2.0 2.0 
2.1 2.1 2.1 2.1 2.1 2.1 2.1 
2.3 2.5 2.4 2.4 2.4 2.4 2.4 
1.8 1.8 1.9 1.9 1.8 1.8 1.9 
2.4 2.4 2.3 2 3  2.3 2 3  2 3  
2.7 2.7 2.7 2.6 2.5 2.6 2.5 
2.1 2.1 2.1 2.0 2.1 2.1 2.0 

2019 2020 2017-2021 2022-2026 
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Arizona Water Companv 
Derivation of Mean Equity Risk Premium Based on a Study 

UsinP Holdinp. Period Returns of Public Utilities 

Over A Rated Moody's 
Public Utility Bonds 

Line No. 

Arithmetic Mean Holding Period Returns on 
the Standard & Poor's Utility Index 1928- 
2014 (2 ) :  

1. 
10.69 % 

Arithmetic Mean Yield on Moody's A Rated 
Public Utility Yields 1928-2014 

2. 

3. Historical Equity Risk Premium 

Forecasted Equity Risk Premium Based on 
P R P M ~ ~  (3) 

4. 

(6.48) 

4.21 % 

4.47 

Forecased Equity Risk Premium based on 
Projected Total Return on the S&P Utilities 
Index (4) 5.62 

5. 

Average of Historical and PRPMTM Equity 
Risk Premium 4.77 % 6. 

Notes: (1) Based on S&P Public Utility Index monthly total returns and Moody's Public Utility 
Bond average monthly yields from 1928-2014. 

Holding period returns are calculated based upon income received (dividends and 
interest) plus the relative change in the market value of a security over a one-year 
holding period. 
The Predictive Risk Premium Model (PRPM) is applied to the risk premium of the 
monthly total returns of the S&P Utility Index and the monthly yields on Moody's 
A rated public utility bonds from January 1928 - May 2015. 
Using data from Bloomberg Professional Service for the S&P Utilities Index, an 
expected return of 10.55% was derived based on expected dividend yields and 
long-term growth estimates as a proxy for market appreciation. Subtracting the 
expected A rated public utility bond yield of 4.93%, calculated on line 3 of page 3 
of this Exhibit results in an equity risk premium of 5.62%. (10.55% - 4.93% = 
5.62%) 

(2) 

(3) 

(4) 
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Arizona Water Comnany 
Indicated Common Equity Cost RateThrough Use 

of the Traditional Canital Asset Pricing Model ICAPMI and Emnirical Caoital Asset Pricine Model IECAPMl 

I11 I21 14 141 151 I61 171 P I  

Indicated 
Value Line Bloomberg Tradi ti mal Common 

Proxy Group of Eight Publicly Traded Adjusted Adjusted Average Market Risk Risk-Free CAPM Cost ECAPM Cost Equity Cost 
Water Companies Beta Beta Beta Premium (1) Rate (2) Rate Rate Rate (3) 

American States Water Co. 0.70 0.83 0.77 7.41 % 3.69 % 9.40 O h  9.82 % 
American Water Works Co., Inc. 0.70 0.58 0.64 7.41 3.69 8.43 9.10 
Aqua America, Inc. 0.70 0.79 0.75 7.41 3.69 9.25 9.71 
California Water Service Group 0.75 0.79 0.77 7.41 3.69 9.40 9.82 
Connecticut Water Service, Inc. 0.65 0.75 0.70 7.41 3.69 8.88 9.43 
Middlesex Water Company 0.75 0.79 0.77 7.41 3.69 9.40 9.82 
SJW Corporation 0.80 0.89 0.85 7.41 3.69 9.99 10.27 
York Water Company 0.70 0.93 0.82 7.41 3.69 9.77 10.10 

0.76 9.31 % 9.76 % 9.54 % Average 

Median 0.77 9.40 % 9.82 O h  9.61 I 

Average of Mean and Median 0.77 9.58 W 

P 

Notes: 
(1) The market risk premium (MRP) is an average of four different measures. The first measure of the MRP derives the total return on the 

market by adding the thirteen-week average forecasted 3-5 year capital appreciation to the thirteen-week average expected dividend 
yield from Value Line Summary and Index. The projected risk-free rate (developed in Note 2) is then subtracted from the total return to 
arrive at the projected MRP. The second measure of MRP is based on the arithmetic mean of historical monthly return data of large 
company stocks less the income return on long-term government bonds from 1926-2014 as published by Morningstar, Inc. The third 
measure applies the PRPM to the lbbotson histoncal data to derive a projected MRP. The fourth measure uses data from Bloomberg 
Professional Services to derive a total projected return on the S&P 500 by using expected dividend yields and long-term growth 
estimates as a proxy for capital appreciation. The projected risk-free rate IS then subtracted from the prolected total return to amve at the 
projected MRP. The four measures of MRP are illustrated below: 

Measure 1: Value Line Projected MRP (Thirteen weeks ending 5/29/15) 

Total projected return on the market 3 -5 years hence: 
Projected Risk-Free Rate [described in Note 2): 
MRP based on Value Line Summary &Index: 

Measure 2: lbbotson Arithmetic Mean MRP (1926 - 2014) 

Arithmetic Mean Monthly Returns for Large Stocks 1926 - 2014  
Arithmetic Mean Income Returns on Long-Term Government Bonds: 
MRP based on lbbotson Historical Data: 

9.80 % 
3.69 
6.11 % - 

12.07 Yo 
5.23 
6.84 o/n 

Measure 3:Application ofthe PRPM to lbbotson Historical Data: 
(January1926 -April 2015) 

Measure 4: Bloomberg Projected MRP 

7.15 % - 
Total return on the Market based on the S&P 5 0 0  
Projected Risk-Free Rate [described in Note 2): 
MRP based on Bloomberg data 

13.22 Ox1 

3.69 
9.53 % - 

AverageMRP: 7.41 Qh 

(2) For reasons explained in the direct testimony, the appropriate risk-free rate for cost of capital purposes is  the average forecast of 30 year 
Treasury Bonds per the consensus of nearly 50 economists reported in Blue Chip Financial Forecasts. [See pages 9 and 10 of Exhibit 
PMA-7. The projection of the risk-free rate is illustrated below: 

Second Quarter 2015 
Third Quarter 2015 

Fourth Quarter 2015 
Fis t  Quarter 2016 

Second Quarter 2016 
Third Quarter 2016 

2017-2021 
2022-2026 

(3) Average of Column 6 and Column 7. 

2.80 O h  

3.00 
3.20 
3.40 
3.60 
3.70 
4.80 
5.00 
3.69 % 

Sources of Information: Value Line Summary and Index 
Blue Chip Financial Forecasts June 1.2015 
Stacks, Bonds. Bills, and Inflation - Ibbotson" SBBlw 2015 Market Report, Morningstar, Inc., 2015 Chicago, 1L 
Bloomberg Professional Services 
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Q. 
4. 

a. 
4. 

3. 

4. 

ARIZONA WATER COMPANY 

Direct Testimony of 

Fredrick K. Schneider 

PLEASE STATE YOUR NAME, EMPLOYER AND OCCUPATION. 

My name is Fredrick K. Schneider. I am employed by Arizona Water Company 

(the "Company") as Vice President of Engineering. My business address is 3805 

N. Black Canyon Highway, Phoenix, Arizona 85015. 

PLEASE DESCRIBE YOUR EDUCATIONAL BACKGROUND. 

I graduated in 1990 with a Bachelor of Science degree in Hydrology from the 

College of Engineering and Mines at the University of Arizona, in Tucson, 

Arizona. Additionally, I have taken graduate level classes at the University of 

Phoenix. 

PLEASE DESCRIBE YOUR WORK EXPERIENCE. 

In 1987, I began working for the United States Department of Agriculture 

performing chemical and granular gradation laboratory soils analysis. In 1988, I 

accepted a position with the City of Tucson as an Engineering Intern in its 

Engineering Department performing civil engineering site reviews. I later 

transferred to the City of Tucson's Water Department where I worked on 

groundwater modeling, environmental remediation and groundwater 

contamination investigation until I graduated from the University of Arizona in 

1990. 

Upon obtaining my degree in 1990, I joined Boyle Engineering Corporation 

("Boyle") in Phoenix, Arizona as an Assistant Engineer and was later promoted to 

the position of Associate Engineer. Boyle provides consulting engineering 

services to the public and private sectors in the areas of water and wastewater. 

While employed by Boyle, I was involved in a variety of consulting assignments, 

including all phases of Water and Wastewater system planning and design, 
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reconnaissance level investigations, feasibility studies and construction phase 

services, including water and wastewater master planning, groundwater supply 

development, surface water supply development, storage reservoir design and 

construction, treatment facilities, pipeline systems and wastewater collection, 

treatment and disposal. 

In 1995, I accepted a position with Wood, Patel and Associates 

("Wood/Patel") in Phoenix, Arizona. While employed by Wood/Patel, my duties 

consisted of engineering design and project management for various water and 

wastewater pipeline feasibility analyses, evaluation of alternatives, cost 

estimating, detailed hydraulic analysis and master planning new developments 

ranging in size from several hundred to several thousand acres. 

In 1998, I joined Citizens Water Resources ("Citizens") as a Senior 

Development Engineer and was later promoted to the position of Development 

Services Supervisor. While employed by Citizens, I negotiated developmenl 

agreements, reviewed water and wastewater master plans and facility 

infrastructure plans, and was responsible for the inspection and approval 01 

constructed facilities for projects within the metropolitan Phoenix area. I became 

an employee of Arizona American Water Company ("Arizona-American") when 

its parent company, American Water, purchased the water and wastewater 

assets of Citizens on January 15, 2001. Subsequently, I was promoted to the 

position of Development Services Manager, and was responsible for the same 

duties described above on a statewide basis. In 2003, I was promoted to the 

position of Manager of Arizona-American, moving from engineering to 

operations. In this capacity, I was responsible for all of the operations of Arizona- 

American's water and wastewater treatment facilities, distribution and collection 

facilities, and customer service. In May 2004, I was promoted to the position of 

Director of Engineering for American Water's Western Region, where my 

responsibilities included overseeing all capital planning and engineering activities 
7 
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Q. 

A. 

Q. 

A. 

for American Water's operations in Arizona, California, Hawaii, New Mexico and 

Texas. 

In October 2005, I joined Brown and Caldwell as an Associate. My duties 

included managing the Phoenix Infrastructure department, including design, 

project management and construction administration of water and wastewater 

infrastructure projects within the Metropolitan Phoenix Area. 

In August 2007, I joined Arizona Water Company as Vice President of 

Engineering, where my responsibilities include capital planning, design, and 

construction management of all of the Company's engineering projects. 

In July 2013, I took over responsibility for daily coordination and 

supervision of the Company's Administrative Services Department, which 

includes the Company's safety, water resources, water quality compliance and 

environmental compliance. In this role, I also support and oversee the 

Company's operations. 

ARE YOU A MEMBER OF ANY PROFESSIONAL ORGANIZATIONS? 

Yes. I am a member of the American Water Works Association ("AWWA), the 

Arizona Water Association, and American Society of Civil Engineers. I was also 

a member of the Infrastructure Replacement Group of the Blue Ribbon Panel on 

Sustainability, a panel formed to address water sustainability jointly chaired by 

the Arizona Corporation Commission (the "Commission"), the Arizona 

Department of Water Resources ("ADWR'), and the Arizona Department of 

Environmental Quality ("ADEQ"). 

ARE 'OU A REGISTERED PROFESSIONAL ENGINEER? 

Yes. have been a registered professional engineer in the State of Arizona since 

1995. 
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Q. 
4. 

Q. 
4. 

II. 

Q. 
4. 

DO YOU HAVE ANY OTHER CERTIFICATIONS? 

Yes. I am an ADEQ Grade 2 certified operator in Water and Wastewater 

Treatment and a Grade 3 certified operator in Water Distribution and Wastewater 

Collection. 

HAVE YOU TESTIFIED PREVIOUSLY BEFORE THE COMMISSION? 

Yes. I have testified in rate proceedings and Certificate of Convenience and 

Necessity ("CCN") hearings before the Commission. In addition, I have testified 

in California before the California Public Utilities Commission and prepared pre- 

filed testimony in Hawaii and New Mexico. I testified in the Company's last four 

general rate case applications, including the Company's 2007 test year general 

rate case (Docket No. W-01445A-08-0440), the Company's adjusted 2010 test 

year Western Group general rate case (Docket No. W-O1445A-10-0517), the 

Company's 2010 test year general Eastern Group rate case (Docket No. 

W-O1445A-11-0310), and the Company's 201 1 Northern Group general rate case 

(Docket No. W-01445A-12-0348). 

Purpose of Direct Testimony 

WHAT IS THE PURPOSE OF YOUR DIRECT TESTIMONY? 

I address several engineering and operations related issues in this general rate 

case application for the Company's Western Group. Specifically, I address: 

1. The critical and necessary post-Test Year plant additions which are, or 

will be completed and placed in service prior to the hearing in this case 

in the Ajo, Pinal Valley and White Tank service areas, and the reasons 

why such additions should be included in rate base in this proceeding. 

The Company's planning and budgeting process for the construction of 

utility plant additions and improvements. 

Company-funded utility plant additions since the last rate proceeding. 

2. 

3. 
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II. 

1. 

4. 

4. 

5. 

6. 

7. 

8. 

9. 

The Company's need to construct an additional arsenic removal facility 

in the Pinal Valley water systems and the Company's request to 

continue the arsenic cost recovery mechanism (''ACRM''). 

The Company's plan to construct the Pinal Valley Recharge and 

Recovery Facility and its request to continue collecting an off-site 

facilities fee for the purpose of funding this facility and related facilities. 

The Company's plan to construct the White Tank Recharge and 

Recovery Facility in the White Tank service area and its request for a 

new off-site facilities fee to fund construction of this facility and related 

facilities. 

The Company's work to reduce water loss in the Ajo, Pinal Valley and 

White Tank service areas and its request for a system improvement 

benefits ("SIB") mechanism to replace aging infrastructure. 

The Company's tank maintenance program and associated costs in the 

Company's Ajo, Pinal Valley and White Tank service areas. 

The Company's need to construct a nitrate removal facility in the Pinal 

Valley Service Area and its request for Commission authorization of a 

Nitrate Cost Recovery Mechanism ("NCRM"). 

The Western Group is comprised of the Ajo, Pinal Valley and White Tank 

service areas. The Pinal Valley service area is comprised of the Casa Grande, 

Coolidge Airport, Tierra Grande and Stanfield public water systems, which were 

consolidated for rate making purposes in Decision No. 71 845. 

Post-Tes t Year Plant Additions 

IS THE COMPANY PROPOSING TO INCLUDE POST-TEST YEAR PLANT 

ADDITIONS IN RATE BASE IN THIS PROCEEDING? 

Yes. The test year for this general rate case is 2014. The Company proposes to 

include post-test year utility plant additions in rate base for the Ajo, Pinal Valley 

and White Tank service areas, as well as for the Company's Phoenix office and 
10 
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Q. 

A. 

Q. 

A. 

Q. 

A. 

meter shop, These utility plant additions include the revenueneutral projects, 

identified by Work Authorization (''WA'') number, which I describe in detail later in 

this section of my testimony. Exhibit FKS-1 also contains detailed project 

information, descriptions and supporting data for each post-test year plant 

addition. These projects are also shown in the Company's Application in the 

appendix to Schedule 6-2, sponsored by Company witness Mr. Reiker. 

WHAT DO YOU MEAN BY "REVENUE-NEUTRAL" PROJECTS? 

Revenue-neutral projects include only those items of utility plant required for the 

provision of service to existing customers served during the test year and does 

not include projects undertaken for the purpose of serving future customers or to 

expand system capacity. 

HAVE ANY OF THESE PROJECTS BEEN COMPLETED AND PLACED IN 

SERVICE? 

Yes. As of the date of this pre-filed testimony, 23 of these projects have been 

completed and placed in service, as noted below. The Company will provide 

Staff and interveners with updates to the status and final cost of each project, 

including supporting documentation, as it is completed and placed in service. 

PLEASE SUMMARIZE THE PROJECTS THE COMPANY PROPOSES TO 

INCLUDE IN RATE BASE AS POST-TEST YEAR UTILITY PLANT 

ADDITIONS. 

The Company proposes in this proceeding to include the following projects in 

rate base as post-test year plant: 

A. Pinal Vallev Service Area 

1. Pinal Valley Water Svstem - PWSlD No. 11 -009 

WA 1-4806 - CONSTRUCT AN ARSENIC REMOVAL FACILITY AT WELL NO, 

13. 

Arsenic in Well No. 13 has increased from 8 to 14 parts per billion ("ppb"). 

The Company needs to construct an arsenic removal facility to comply with the 
11 
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arsenic Maximum Contaminant Limit ("MCL") of 10 ppb as required by Safe 

Drinking Water Standards and to provide sufficient production capacity to satisfy 

water system demands. Company engineers analyzed the production capacity 

of the Coolidge portion of the Pinal Valley water system and determined that 

approximately 800 gpm of additional production capacity is required to satisfy 

system demands. The well was shut down until the Company could complete a 

treatment technology evaluation, construct an arsenic removal facility and place 

the arsenic removal facility in service. The Company will use a best available 

technology as recommended by the United States Environmental Protection 

Agency ("EPA') for removing arsenic. Historical arsenic results, treatment 

technology evaluation, cost estimates, construction drawings, photos, the 

proposal/contract, and design and construction schedules are included in Exhibit 

FKS-1. The total estimated cost to complete this project is $1,500,000 and the 

Company expects to complete and place the arsenic removal facility in service by 

May 23,2016. 

WA 1-5076 - LOWER AND REPLACE 460 LINEAR FEET ("LF") OF 6-INCH 

DIP WATER MAIN TO SERVE THE ARIZONA GRAIN DEPOT. 

The Union Pacific Railroad constructed a second railroad track and is 

constructing a new railroad spur to serve Arizona Grain in Casa Grande. The 

Company's existing water main was in conflict with the proposed railroad spur 

and was inaccessible for maintenance and repairs. A water main break under 

the proposed railroad spur would cause significant damage to the railroad track 

and right-of-way and would require costly repairs at the Company's expense. To 

prevent this, Company engineers determined the water main must be replaced at 

a lower elevation and placed in a steel casing. Cost information, construction 

drawings, photos, the proposakontracts, and construction schedule are included 

in Exhibit FKS-1. The total estimated cost to complete this project is $196,000 

and was placed in service on September 3,2014. 
12 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

WA 1-5164 - REPLACE TWO MOTORS AND TWO BOOSTER PUMPS AT 

WELL NOS. 9 AND 10 BOOSTER PUMP STATION. 

This booster pump station produces approximately 65% of the total water 

supplies produced in the Coolidge portion of the Pinal Valley water system. The 

existing booster pump station includes two boosters that have been in service for 

29 years. This project is necessary to restore the pumping capacity of the 

booster pump station due to motor and pump age. When booster pump No. 2 

was removed for inspection, the pump showed signs of extensive wear on the 

pump impellers, shaft and bearings. Company engineers determined that 

booster pump No. 1 also requires replacement because its production has 

decreased from 2,200 gpm to less than 1,900 gpm. As part of this project, the 

Company plans to replace both of the motors and pumps. Replacing both 

motors and both pumps will allow the Company to continue to provide adequate 

service during peak system demands of the Pinal Valley water system. Cost 

estimates, construction drawings, the proposal/contract, and construction 

schedule are included in Exhibit FKS-1. The total estimated cost to complete this 

project is $75,000 and the Company plans to place the booster pump stations in 

service on or about November 15, 2015. 

WA 1-5165 - CONSTRUCT BLOCK WALLS AROUND WELL NOS. 21, 30, 

AND 31 IN PINAL VALLEY, INSTALL ACCESS GATES AND CONSTRUCT 

WATER RETENTION BASINS. 

This project included the design, permit and construction of 833 LF of an 

8-feet tall block wall, 238 LF of 6-feet tall block wall and three rolling gates at 

Well Nos. 21, 30 and 31 for security and access. The existing chain link fences 

were old no longer serviceable, were starting to fall over and did not provide 

adequate security to the sites. Construction of these block walls was necessary 

to screen the well sites from public view as part of the City of Casa Grande's 

beautification project. In addition to 1,071 LF of block walls, the Company 
13 
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constructed a retention basin at both Well Nos. 31 and 26 to retain flush to waste 

water on-site and mitigate standing water off-site. Cost information, as well as 

the structural evaluation and analysis, construction drawings, photos, the 

proposalkontracts, and construction schedules are included in Exhibit FKS-1. 

The total estimated cost to complete this project is $418,000 and was placed in 

service on January 12,2015. 

WA 1-5167 - CONSTRUCT ARSENIC REMOVAL FACILITY AT VALLEY 

FARMS WELL NO. 2. 

This project was completed and placed in service on June 30, 2015, at a 

total cost of $1,250,000. The Company constructed an arsenic removal facility at 

Valley Farms Well No. 2 because the arsenic concentration in the water 

increased to 16 ppb. The Company removed the well from service before the 

arsenic concentration reached the MCL of 10 ppb. Continued monitoring and 

sampling of the water show arsenic concentrations as high as 16 ppb. As a 

result of these high arsenic levels, blending with another source to comply with 

the arsenic MCL was not a viable option. EPA has determined the adsorptive 

process is a best available technology is a commonly used method for arsenic 

removal, and the Company has successfully operated over a dozen similar 

facilities. Accordingly, Company engineers determined that treating the water 

using adsorptive media is the best available technology. The arsenic removal 

facility design and permitting was completed and construction began in 2014. 

Cost estimates, construction drawings, photographs, the proposal/contract, and 

schedules for the ARF are included in Exhibit FKS-1. 

WA 1-5168 - INSTALL FOUR 16-INCH GATE VALVES TO REPLACE THREE 

16-INCH BUTTERFLY VALVES ALONG HIGHWAY 84 BEWEEN VIP 

BOULEVARD AND THORNTON ROAD. 

This project is necessary to increase reliability and minimize service 

disruptions and water loss. While tying in a new water main extension on 
14 
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Highway 84, the Company discovered three inoperable 16-inch butterfly valves 

between VIP Boulevard and Thornton Road in Casa Grande. This 16-inch water 

main provides service to five large industrial customers. In the event of a main 

break, service to the industrial park would be interrupted while the Company 

makes repairs. Because of the inoperable valves, additional time is required to 

isolate the area of the break and drain water from the main, resulting in increased 

water loss and a longer service interruption to the industrial park. Installing one 

additional gate valve and replacing the three inoperable butterfly valves will 

reduce service disruptions and water loss. Cost estimates, construction 

drawings, photos, the placed in service notice, the proposakontract, and 

construction schedule are included in Exhibit FKS-1. The total estimated cost to 

complete this project is $1 10,000 and was placed in service on July 20, 2015. 

WA 1-5169 - CONSTRUCT 3,857 LF OF 12-INCH DUCTILE IRON PIPE 

("DIP") TO REPLACE APPROXIMATELY 3,870 LF OF 6-INCH PVC ALONG 

OVERFIELD ROAD. 

This project, completed and placed in service on May 21, 2015 at a total 

cost of $392,000, was necessary to reduce water loss and increase system 

reliability. Water loss in the Pinal Valley service area is currently more than 9% 

and has approached 10% in the past. Water mains in this portion of the Pinal 

Valley service area were constructed using thin walled PVC.' The existing water 

main and services had 13 recorded leaks since 201 3. The Company estimates 

that before 2013 this water main had an additional 15 leaks. The number and 

increasing frequency of leaks shows that the condition of the water main has 

deteriorated and must be replaced to provide reliable service. 

A 12-inch water main was required because the Company's Tariff 

Schedule No. TC-243 ("Terms & Conditions") requires water mains installed 

along section lines to be a minimum diameter of 12-inches. In addition, the 

These thin walled PVC water mains were installed prior to the Company's acquisition of the Woodruff water system 
15 
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Company's Pinal Valley Water System Master Plan requires the installation of 

12-inch water mains in this area. Cost information, construction drawings, 

photos, the placed in service notice, the proposalkontract, and schedules related 

to this project are included in Exhibit FKS-1. A copy of the Company's Pinal 

Valley Water Master Plan is also included in Exhibit FKS-2. 

WA 1-5170 - RECONSTRUCT THE COTTONWOOD LANE STORAGE TANK 

AND BOOSTER PUMP STATION. 

This project, completed and placed in service on May 27, 2015 at a total 

cost of $1,200,000, was necessary to correct structural defects in the rafters, roof 

plates and walls of a one million gallon water storage tank and to replace aging 

booster pumps located at the Company's Cottonwood Lane facility. Company 

engineers determined that the roof plate of the water storage tank had bowed 

upward causing parts of the walls to be pulled inward. This movement resulted 

in large dents, up to 9-inches deep, around the perimeter of the top 4 feet of the 

tank. The rafters were severely corroded, bent, twisted up to 8 degrees and 

displaced up to 12-inches. The flanges connecting the rafters to the roof were 

severely corroded with up to 1/8-inch in material loss. The roof plate was 

severely distorted, corroded and raised off of the rafters by up to 9-inches. 

Distortion on the roof exterior created locations for rain water and dirt to 

accumulate instead of properly draining off the roof. The center column was 

distorted, lifted and rotated approximately 6 degrees. The roof was no longer 

capable of sustaining the required loads to comply with AWWA Standard DIOO 

for Welded Carbon Steel Tanks for Water Storage. The rafters, roof plates, eave 

angle and upper 4 feet of the tank wall were irreparably damaged and were 

completely replaced in this project. A new 24-inch roof vent and 18-inch overflow 

pipe were constructed to replace the old and undersized vent and overflow to 

comply with current A W A  standards. 
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In addition, three new booster pumps, one new discharge head and one 

new motor were installed to replace existing equipment at the booster pump 

station, which was originally constructed more than 50 years ago. Cost 

information, as well as the structural evaluation and analysis showing the severity 

of the tank structural condition, construction drawings, photos, the 

proposakontract, and construction schedule are included in Exhibit FKS-I. 

WA 1-5171 - CONSTRUCT 2,789 LF OF 12-INCH DIP WATER MAIN TO 

REPLACE APPROXIMATELY 2,840 LF OF 12-INCH WATER MAIN ON 

COTTONWOOD LANE FROM AREOLA ROAD TO PEART ROAD. 

This project, which was completed and placed in service on April 15, 2015 

at a total cost of $517,000, was necessary to reduce water loss and increase 

system reliability. The existing water main had a total of 13 leaks and breaks, 3 

of which occurred since 2013. Water main leaks and breaks along Cottonwood 

Lane (a major arterial roadway) flood the roadway and result in lane restrictions 

and significant traffic disruption. This project will reduce breaks and service 

disruptions and help reduce water loss in the Pinal Valley water system. Cost 

information, construction drawings, photos, the placed in service notice, the 

proposakontract, and construction schedule are included in Exhibit FKS-1, 

WA 1-5173 - INSTALL ELECTRICAL PANEL SAFETY IMPROVEMENTS AT 

30 SITES IN THE PINAL VALLEY WATER SYSTEM. 

This project includes relocating operational controls from the interior 

electrical panels to panel exterior doors, installing two starter reset plungers, one 

motor saver, 38 motor saver displays, and shielding over exposed conductors, 

and 75 disconnect switches for electrical panels and equipment at various sites 

throughout the Pinal Valley water system. Controls for operation and 

maintenance of well, tank, and booster stations are located inside electrical 

control panels. Logging operating parameters, recording error codes, and 

making operational adjustments require that electrical control panels are 
17 
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energized. The Company's Energy Control Program prohibits employees from 

entering energized panels to protect employees from injury and to comply with 

the OSHA Control of Hazardous Energy Standard, 29 CFR 1910.147. The 

Company contracts with outside electrical contractors to perform this routine 

work. The proposed panel modifications allow Company Operators access to 

system controls, which will reduce Company's dependency on outside electrical 

contractors and system down time. Cost information, photos, the 

proposaVcontracts, and construction schedule are included in Exhibit FKS-1. 

The total estimated cost to complete this project is $107,000 and was placed in 

service on December 31,2014. 

WA 1-5251 - PULL AND REPLACE THE PUMP, COLUMN PIPE, TUBE AND 

SHAFT, AND LOWER THE PUMP I00 FEET AT WELL NO. 33. 

The Company recently lost all production at Well No. 33. This amounts to 

a loss of approximately 2.2 million gallons per day (MGD) of water. Company 

engineers determined that three joints of column pipe were split and 16 additional 

joints of column pipe require replacement because they were severely corroded 

and nearing the end of their service life. Additionally, 28 joints of oil tube and 

shaft had severe corrosion on the tube, threads, and butt joint, and numerous 

bearings are out of tolerance. The well casing is approximately 90% plugged 

and required brushing to restore full pumping capacity. Additionally, the nitrate 

concentration in Well No. 33 is above 9 mg/L and approaching the EPA's MCL of 

10 mg/L. Spinner log testing and zonal sampling was completed to develop a 

plan to mitigate the increasing nitrate level and allow the Company to provide 

adequate service during peak system demands and will provide adequate back 

up capacity for the Pinal Valley water system. Based on analysis of the testing 

result, a packer was installed at 630 ft below land surface to limit the vertical 

migration of nitrates into the well. However, the packer is a temporary measure 

to reduce nitrate concentration in the well. A nitrate removal facility is necessary 
18 
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and is discussed in detail in Section X of my testimony. Cost information, the 

well rehabilitation analysis, photos, and the proposal/contract and construction 

schedule are included in Exhibit FKS-1. The total estimated cost to complete this 

project is $246,000 and was placed in service on January 22,201 5. 

WA 1-5260 - REPLACE SODIUM HYPOCHLORITE TANK AT WELL NO. 29 

ARSENIC REMOVAL FACILITY. 

This project is necessary to replace a sodium hypochlorite chlorine tank at 

the Well No. 29 arsenic removal facility that is leaking because repairing the tank 

is not feasible. Sodium Hypochlorite (commonly referred to as bleach) is 

commonly used in drinking water applications for its ability to disinfect and 

maintain a residual level of disinfectant throughout the distribution system. Cost 

estimates, photos, and construction schedule are included in Exhibit FKS-1. The 

total estimated cost to complete this project is $25,000 and the Company plans 

to place the chlorine tank in service on or about August 28, 2015. 

WA 1-5296 - REPLACE PUMP AND RELATED EQUIPMENT AT WELL NO. 

19. 

This project is necessary to restore the amount of water produced from 

Well No. 19 because production from this well has dropped more than 20% from 

approximately 2.4 MGD to less than 1.9 MGD, a sign of impending failure. Well 

No. 19 provides water supplies critical to meeting peak water demands in the 

Pinal Valley water system. After study of the well, Company engineers 

determined that the pump and related equipment needed to be replaced to 

restore the lost water production. Cost estimates, photos, well video logs, the 

proposakontract, and construction schedule are included in Exhibit FKS-1. The 

total estimated cost to complete this project is $175,000 and the Company plans 

to place the well in service on or about August 28, 2015. 

WA 1-5299 - CONSTRUCT A NEW ACCESS ROAD TO THE NITRATE 

REMOVAL FACILITY LOCATED AT WELLS NO. 9 AND I O .  
I 9  
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Company operators currently access the Wells No. 9 and 10 booster 

pump station and nitrate removal facility on a daily basis using the existing dirt 

roads. However, during and after rain events, the existing dirt roads are not 

accessible by employees and large trucks and equipment. Access by large 

trucks and equipment is necessary to deliver chemicals and haul brine waste. 

Without these chemicals and waste hauling, the existing nitrate removal system 

could not be operated. Company engineers determined that a new access road 

is needed to provide direct, reliable access to the site from Arizona Boulevard. 

Cost estimates, construction drawings, photos, the proposakontract, and 

construction schedule are included in Exhibit FKS-1. The total estimated cost to 

complete this project is $100,000 and the Company plans to complete the new 

access road on or about September 25,2015. 

WA 1-5301 - CONSTRUCT APPROXIMATELY 1,500 LF OF 12-INCH DIP 

ALONG HANCOCK TRAIL FROM WELL NO. 33 TO HACIENDA ROAD. 

This project, completed and placed in service on June 6, 2015 at a total 

cost of $180,000, was needed in order to properly flush Well No. 33 upon startup 

and shutdown. It is industry standard for vertical turbine pumps, such as Well 

No. 33, to flush on start up and shutdown. Company operators increased the 

flush time of this well to reduce nitrate levels after startup. Prior to completing 

this project, this well routinely flushed to a retention basin located south of the 

site. After increasing the flush time, the retention basin is no longer large enough 

to contain the discharge. To avoid overflowing the retention basin onto the 

adjacent golf course, the Company constructed a flush line to an adjacent 

drainage area to flush the well without flooding the golf course. Cost estimates, 

construction drawings, photos, the proposakontract, and construction schedule 

are included in Exhibit FKS-I. 

WA 1-5303 - INSTALL NITRATE ANALYZERS AND ELECTRICAL 

CONTROLS AT WELLS NO. 32 & 33. 
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This project, completed and placed in service on June 5, 2015 at a total 

cost of $174,000, was necessary to monitor nitrate levels at Wells No. 32 and 33 

and to automatically turn off the wells if nitrate levels approach the EPAs MCL of 

10 mg/L. Nitrate levels over the MCL have been known to cause a potentially 

fatal blood disorder in infants under six months of age called 

methemoglobinemia, or "blue-baby" syndrome, which causes a reduction in the 

oxygen carrying capacity of blood. This is discussed in detail in Section X of my 

testimony. An evaluation of historical water quality results for each of these wells 

shows a steady increase in nitrates over the past seven years. As a result, the 

Company determined that it was necessary to install nitrate analyzers at each 

well to monitor nitrate levels and automatic controls to shut the wells off to 

prevent water exceeding the nitrate MCL from being pumped into the distribution 

system. This project allows the Company to continue to provide a safe drinking 

water supply in the Pinal Valley service area until a nitrate removal facility is 

constructed for each well. Cost information, construction drawings, photos, the 

placed in service notice, water quality results, the proposakontract, and 

construction schedule are included in Exhibit FKS-1. 

WA 1-5304 - INSTALL AN ADDITIONAL BOOSTER PUMP AT THE WELL 

NO. 27 BOOSTER PUMP STATION. 

The Well No. 27 booster pump station supplies water to the Pinal Valley 

upper pressure zone, which includes the Central Arizona College campus. This 

booster pump station consists of a single booster pump with no backup. 

Consequently, when the pump failed twice in the past five years, water pressure 

in this portion of the Pinal Valley water system was lower than planned. 

Constructing a back up booster pump will allow the Company to maintain 

adequate water pressure in the event of a pump failure. Cost estimates, 

construction drawings, photos, the proposaVcontract, and construction schedule 

are included in Exhibit FKS-1. The total estimated cost to complete this project is 
21 
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$175,000 and the Company plans to place the pump in service on or about 

October 30, 201 5. 

WA 1-5307 - CONSTRUCT A THIRD AUTO STRAINER AT COOLIDGE WELL 

NOS. 9 AND I O .  

This project is necessary to remove sand from water pumped from Well 

Nos. 9 and I O .  These wells were drilled by cable tool and do not have a gravel 

pack around the well casing to prevent sand from infiltrating the casing. As a 

result, these wells produce a large amount of sand. To correct this, in 2013 and 

included in this proceeding on test-year plant additions, the Company installed 

two 80-micron automatic strainers with provisions for a third strainer in the event 

that additional strainer capacity is needed. While the existing automatic strainers 

remove sand from the well water, at times sand production exceeds their 

capacity, resulting in premature plugging of the strainer screens. On average, 

Company operators expend one to two hours to disassemble, reassemble and 

clean the strainers twice per day. The additional capacity provided by the third 

automatic strainer will significantly reduce the number of times the strainers 

require disassembly and cleaning, resulting in a more reliable well and nitrate 

removal facility operation. Cost estimates, photos, the placed in service notice, 

the proposal/contract, and construction schedule for adding the third strainer are 

included in Exhibit FKS-1. The total estimated cost to complete this project is 

$40,000 and was placed in service on July 1 , 201 5. 

WA 1-5329 - CONSTRUCT 85 LF OF 4-INCH WATER MAIN, REPLACE 

THREE 4-INCH GATE VALVES, TWO 4-INCH TEES AND ONE FIRE 

HYDRANT ON 4TH STREET BETWEEN CAMERON AND MORRISON 

AVENUES. 

This project, placed in service on February 12, 2015, at a total cost 01 

$24,000, was necessary to restore water service to customers located on 4th 

Street between Cameron and Morrison Avenues. A leak on this 4-inch main, 
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installed in 1929, saturated the asphalt sub-base and surrounding soil, requiring 

an emergency water main replacement to prevent further damage to the 

roadway. Cost information, photos, the placed in service notice, and the 

proposakontract are included in Exhibit FKS-1. 

WA 1-5332 - CONSTRUCT 140 LF OF 36-INCH DIP TO REPLACE 140 LF OF 

FAILED 36-INCH CONCRETE LINED CYLINDER ("CLC") TRANSMISSION 

MAIN ON CASA GRANDE MOUNTAIN SOUTH OF INTERSTATE 8. 

This project, completed and placed in service on May 5, 2015 at a total 

cost of $300,000, was an emergency replacement of a 140 LF section of 

transmission main. The Arizona Department of Transportation notified the 

Company that water was running down Casa Grande Mountain onto Interstate 8. 

The Company discovered a IO-inch diameter hole in the 36-inch CLC, cracks in 

the exterior concrete coating, and corrosion of the steel cylinder. Installed in 

1978, this 36-inch CLC main is the primary supply main to and from the 

Company's five million gallon storage tank located on Casa Grande Mountain. 

This storage tank represents approximately 30% of the Pinal Valley water 

system's total storage capacity. 

Construction of a 12-inch bypass water main was necessary to keep the 

five million gallon storage tank in service during construction of the new 36-inch 

DIP transmission main. The 36-inch CLC main is paralleled by a 12-inch DIP 

transmission main, which is located above and adjacent to the 36-inch CLC. 

Excavation of the 36-inch CLC main exposed the 12-inch DIP transmission main. 

In order to safely excavate the 36-inch CLC main, the 12-inch DIP main needed 

to be temporarily removed from service and drained to prevent flooding of the 

excavation trench in the event of a break. 

The remaining sections of the 36-inch CLC transmission main will be 

replaced in future years, as needed and are identified as necessary projects in 

the Company's infrastructure replacement plan in Exhibit FKS-12. Cosi 
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estimates, photos, the placed in service notice, the proposakontract, and 

construction schedule are included in Exhibit FKS-1. 

WA 1-5339 - REPLACE FAILED WATER SERVICE LINE ON AREOLA 

BOULEVARD. 

This project, completed and placed in service on June 21 , 201 5, at a total 

cost of $62,000, was an emergency service line replacement. This service line 

broke, damaging a portion of Arizona Boulevard (ADOT SR-87) south of Verde 

Lane. The Company replaced the water service line and constructed a 

temporary asphalt patch to replace the damaged asphalt. The Arizona 

Department of Transportation ("ADOT") required the Company to re-pave 50 feet 

of the highway on each side of the service line. Cost information, the ADOT 

permit, photos, the placed in service notice, the proposakontract, and 

construction schedule are included in Exhibit FKS-1. 

WA 1-5341 - REPLACE FAILED WATER SERVICE LINE ON PINAL AVENUE. 

This project, completed and placed in service on June 20, 2015, at a total 

cost of $43,000, was an emergency service line replacement. This service line 

broke, damaging a portion of Pinal Avenue (ADOT SR-387). The Company 

replaced the water service line and constructed a temporary asphalt patch and 

sidewalk to replace the damaged asphalt and sidewalk. ADOT required the 

Company to re-pave 50 feet of the highway on each side of the service line. 

Cost information, the ADOT permit, photos, the placed in service notice, the 

proposakontract, and construction schedule are included in Exhibit FKS-1. 

WA 1-5344 - CONSTRUCT APPROXIMATELY 25 LF OF 8-INCH DIP WATER 

MAIN, INSTALL TWO VALVES TO REPLACE 25 LF OF 8-INCH WATER MAIN 

AND TWO GATE VALVES ON SECOND STREET. 

This project, completed and placed in service on June 20, 2015 at a total 

cost of $27,000, was an emergency water main replacement. This water main 

broke, damaging a portion of Second Street. The Company constructed a new 
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water main to replace the failed water main, installed two new valves to replace 

two inoperable valves, and constructed a temporary asphalt patch to replace the 

damaged asphalt. The City of Casa Grande required the Company to re-pave a 

portion of the roadway which was damaged. Cost information, the City permit, 

photos, the placed in service notice, the proposakontract, and construction 

schedule are included in Exhibit FKS-I. 

WA 1-5345 - CONSTRUCT 13 LF OF 8-INCH DIP WATER MAIN TO 

REPLACE 13 LF OF 8-INCH WATER MAIN AT 1955 NORTH CASA GRANDE 

AVENUE. 

This project, completed and placed in service on June 24, 2015 at a total 

cost of $62,000, was necessary to replace a portion of leaking 8-inch CA water 

main and to repair a damaged roadway, sidewalk, curb, and gutter. The City of 

Casa Grande required the Company to replace a 44 x 78 foot section of 

damaged asphalt and replace 28 LF of concrete sidewalk, curb and gutter in 

accordance with City specifications. Cost estimates, photos, the placed in 

service notice, the proposakontract, and construction schedule are included in 

Exhibit FKS-1. 

WA 1-5348 - INSTALL A BACK-UP RADIO SYSTEM, SOLAR SHIELDS, FAN 

AND FILTER KIT, AND SURGE ARRESTOR AT THE BURGESS PEAK 

SUPERVISORY CONTROL AND DATA ACQUISITION ("SCADA") RADIO 

REPEATER. 

This project is necessary to ensure the reliability of the Company's 

SCADA system in the Pinal Valley system. The Burgess Peak SCADA radio 

repeater ("Radio") has failed twice this year. On average, the Radio fails three 

times per year but most frequently during the summer and monsoon seasons. 

All communication between the Pinal Valley SCADA master computer and 17 

other well, tank, treatment, and booster pump station sites are transmitted 

through this Radio. Whenever the Radio fails, Company operators and 
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management are unable to remotely monitor, control or receive alarms from 

these 17 sites and must operate the sites manually, including evenings, 

weekends and holidays. Company operators must remove and replace the failed 

Radio with a spare that is kept in the Pinal Valley office. The Radio must then be 

programmed and reconfigured by a consultant programmer. This process can 

take several days or more to complete, during which time the Company is unable 

to receive any alarms from the 17 sites. Failures to receive the critical alarms 

has caused unplanned tank overflows and critically low tank levels. Installation 

of an automatic, reliable back-up radio system will ensure that the Company is 

notified of an alarm during a primary Radio failure and the SCADA system will 

continue to operate until the failed radio is replaced. The Radio is located on top 

of a mountain and is subject to lightning strikes. The installation of a surge 

arrestor will reduce the number of Radio failures caused by lightning strikes and 

power surges during monsoon season. The installation of a solar shield and fan 

kit will increase equipment life by reducing temperatures in the equipment 

cabinet during the hot summer months. Cost estimates, the proposakontract, 

and construction schedule are included in Exhibit FKS-1. The total estimated 

cost to complete this project is $27,000 and the Company plans to place the 

Radio in service on or about August 14,2015. 

WA 1-5358 - REPLACE PUMP AND RELATED EQUIPMENT AT WELL NO. 

26. 

This project is necessary because the well pump failed. Company 

engineers determined that the pump and related equipment at Well No. 26 needs 

replacement. Well No. 26 is needed to meet peak water system demands. The 

well produces 2.2 MGD. Planned work includes pulling the pump, video 

inspecting the well, and replacing the well pump and related equipment. Prior to 

reinstalling the new pump, company engineers will inspect the existing oil tube 

and line shaft and replace all failed or unserviceable components. Company 
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engineers also plan to brush and bail the well prior to returning the well to 

service. Cost estimates, photos, well video logs, the proposakontract, and 

construction schedule are included in Exhibit FKS-1. The total estimated cost to 

complete this project is $1 15,000 and the Company plans to place the well in 

service on or about September 4,2015. 

WA 1-5359 - REPLACE PUMP AND RELATED EQUIPMENT AT WELL NO. 

27. 

This project is necessary because Well No. 27 is the only well producing 

water in the upper zone of the Pinal Valley water system. Well No. 27 production 

has dropped from approximately 70% or 0.65 MGD to less than 0.22 MGD and 

no longer provides sufficient production capacity to meet peak system demands. 

Company engineers determined that the pump and related equipment at Well 

No. 27 requires replacement. Planned work includes pulling the pump, video 

inspecting the well, and replacing the well pump and related equipment. Prior to 

reinstalling the new pump, company engineers will inspect the existing oil tube 

and line shaft and replace all failed or unserviceable components. Company 

engineers also plan to brush and bail the well prior to returning the well to 

service. Well No. 27 has elevated levels of nitrates and requires nitrate removal. 

I discuss the need for nitrate removal in Section X of my direct testimony. In the 

mean time, to help mitigate the elevated nitrate levels, Company engineers plan 

to install a packer prior to returning the well to service to restrict water production 

from the upper portion of the aquifer, which has nitrate levels over EPA's MCL of 

10 mg/L. Installing a packer will reduce nitrate levels in Well No. 27. However, 

the well must be blended with sources of supply from the Coolidge portion of the 

water system. Well No. 27 requires nitrate removal for its continued long term 

operation. Cost estimates, photos, well video logs, the proposakontract, and 

construction schedule are included in Exhibit FKS-1. The total estimated cost to 
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complete this project is $200,000 and the Company plans to place the well in 

service on or about September 30,201 5. 

WA 1-5361 - CONSTRUCT OVERFLOW AND REPLACE CATHODIC 

PROTECTION ON THE ELEVATED STORAGE TANK IN COOLIDGE. 

This project was completed and placed in service on July 9, 2015 at a total 

cost of $70,000. While recoating the interior of the elevated storage tank, 

Company engineers determined the cathodic protection system had failed and 

needed to be replaced. It was necessary to replace one 8-inch inlet gate valve, 

one 4-inch drain valve. The Company also replaced the undersized 8-inch 

overflow line with a 16-inch overflow line in accordance with current AWWA 

standards. The overflow line was undersized and unable to sufficiently discharge 

water without over pressurizing and damaging the tank. Cost estimates, photos, 

the proposalkontract, and construction schedule are included in Exhibit FKS-1. 

WA 1-5362 - REPLACE PUMP AND RELATED EQUIPMENT AT WELL NO. 

31. 

Well No. 31 production has dropped from 1.7 MGD to 1.3 MGD and was 

showing signs of failure. Company engineers have determined that the pump 

and related equipment at Well No. 31 in the Pinal Valley service area requires 

replacement. Planned work includes pulling the pump, video inspecting the well, 

and replacing the well pump and related equipment. Prior to reinstalling the new 

pump, Company engineers will inspect the existing oil tube and line shaft and 

replace all failed or unserviceable components. Company engineers also plan to 

brush and bail the well prior to returning the well to service. Well No. 31 is 

needed to meet peak water system demands. Cost estimates, photos, well video 

logs, the proposaI/contract, and construction schedule are included in Exhibit 

FKS-1. The total estimated cost to complete this project is $1 17,000 and the 

Company plans to place the well in service on or about September 27, 201 5. 

28 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

ii. Coolidae Airport Water Svstem - PWSID No. I 1  -707 

WA 1-5166 - INSTALL POINT OF USE ("POU") ARSENIC REMOVAL 

DEVICES AT 20 LOCATIONS IN THE COOLIDGE AIRPORT WATER 

SYSTEM. 

The Coolidge Airport water system receives its water supply from two 

wells, Well Nos. 1 and 2. These wells produce water with an arsenic 

concentration of approximately 13 ppb, which exceeds the arsenic MCL of I O  

ppb. The Coolidge Airport water system was previously classified by ADEQ as a 

transient, non-community water system. Because the number of customers now 

served by the Coolidge Airport water system, ADEQ now classifies the water 

system as a non-transient, non-community water system and must comply with 

Safe Drinking Water standards. The Coolidge Airport water system is 10 miles 

from the closest portion of the Pinal Valley distribution system. Therefore, 

interconnecting the two water systems is not economically feasible. ADEQ 

recommended that the Company install POU devices as a cost effective solution 

that eliminates the need to build an expensive arsenic removal facility mainly 

sized for fire flows. Company engineers determined that POU devices are a 

viable and least-cost alternative to constructing a centralized arsenic treatment 

facility. A copy of the January 27, 2015 letter from ADEQ, cost estimates, 

manufacture data sheets, and construction schedule are included in Exhibit 

FKS-1. The total estimated cost to complete this project is $80,000 and the 

Company plans to place the POU arsenic removal devices in service on or about 

September 30,2015. 

WA 1-5173 - INSTALL ELECTRICAL PANEL SAFETY IMPROVEMENTS AT 2 

SITES IN THE COOLIDGE AIRPORT WATER SYSTEM. 

This project includes relocating operational controls from the interior 

electrical panels to panel exterior doors, install one starter reset plunger, install 

one motor saver display, install shielding over exposed conductors, and install 
29 
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three disconnect switches for electrical panels and equipment at two sites in the 

Coolidge Airport water system. Controls for operation and maintenance of well, 

tank, and booster stations are located inside electrical control panels. Logging 

operating parameters, recording error codes and making operational adjustments 

require that electrical control panels are energized. The Company's Energy 

Control Program prohibits employees from entering energized panels to protect 

employees from injury and to comply with the OSHA Control of Hazardous 

Energy Standard, 29 CFR 1910.147. The Company contracts with outside 

electrical contractors to perform this routine work. The proposed panel 

modifications allow Company Operators access to system controls which will 

reduce Company's dependency on outside electrical contractors and system 

down time. Cost information, photos, the proposakontracts, and construction 

schedule are included in Exhibit FKS-I. This project was placed in service on 

December 31,2014. 

iii. Tierra Grande Water Svstem - PWSID No. 11-076 

WA 1-5173 - INSTALL ELECTRICAL PANEL SAFETY IMPROVEMENTS AT 

ONE SITE IN THE TIERRA GRANDE WATER SYSTEM. 

This project includes relocating operational controls from the interior 

electrical panels to panel exterior doors, install three motor saver displays, install 

shielding over exposed conductors, and install three disconnect switches for 

electrical panels and equipment at one site in the Tierra Grande water system. 

Controls for operation and maintenance of well, tank, and booster stations are 

located inside electrical control panels. Logging operating parameters, recording 

error codes and making operational adjustments require that electrical control 

panels are energized. The Company's Energy Control Program prohibits 

employees from entering energized panels to protect from injury and to comply 

with the OSHA Control of Hazardous Energy Standard, 29 CFR 1910.147. The 

Company contracts with outside electrical contractors to perform this routine 
30 
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work. The proposed panel modifications allow Company Operators access to 

system controls which will reduce Company's dependency on outside electrical 

contractors and system down time. Cost information, photos, the 

proposalkontracts, and construction schedule are included in Exhibit FKS-1. 

This project was placed in service on December 31 , 2014. 

iv. Stanfield Water System - PWSID No. 1 1-01 2 

WA 1-5173 - INSTALL ELECTRICAL PANEL SAFETY IMPROVEMENTS AT 

TWO SITES IN THE STANFIELD WATER SYSTEM. 

This project includes relocating operational controls from the interior 

electrical panels to panel exterior doors, install four motor saver displays, install 

shielding over exposed conductors, and install six disconnect switches for 

electrical panels and equipment at two sites in the Stanfield water system. 

Controls for operation and maintenance of well, tank, and booster stations are 

located inside electrical control panels. Logging operating parameters, recording 

error codes and making operational adjustments require that electrical control 

panels are energized. The Company's Energy Control Program prohibits 

employees from entering energized panels to protect employees from injury and 

to comply with the OSHA Control of Hazardous Energy Standard, 29 CFR 

191 0.147. The Company contracts with outside electrical contractors to perform 

this routine work. The proposed panel modifications allow Company Operators 

access to system controls which will reduce Company's dependency on outside 

electrical contractors and system down time. Cost information, photos, the 

proposalkontracts, and construction schedule are included in Exhibit FKS-1. 

This project was placed in service on December 31, 2014. 

WA 1-5306 - INSTALL AN ADDITIONAL 30 HORSE POWER BOOSTER 

PUMP AND STARTER AND UPGRADE TRANSFORMERS AT THE 

STANFIELD BOOSTER PUMP STATION. 
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The Stanfield booster pump station supplies 100% of the water to the 

Stanfield water system. This booster pump station consists of one I O  HP pump 

and one 15 HP pump with a combined pumping capacity of 0.27 MGD. Both 

pumps are required in order to provide peak system demands and fire flow 

requirements, but they lack backup capacity in the event of a pump or motor 

failure. The Company requires at least one back-up pump at each booster pump 

station to maintain water service in the event of a pump failure. A new 30 HP 

pump provides backup capacity for the water system and increases the "firm" 

capacity of the booster pump station from 0.08 MGD, to 0.27 MGD, with the 

largest pump out of service. Cost estimates, the proposakontract, and 

construction schedule are included in Exhibit FKS-1. The total estimated cost to 

complete this project is $43,000 and the Company placed the booster pump in 

service on June 30, 2015. 

B. White Tank Service Area 

WA 1-5032 - CONSTRUCT PHASE 1 OF THE WHITE TANK SCADA 

SYSTEM. 

This project, completed and placed in service on June 1 , 2015 at a total 

cost of $327,000, was necessary to allow the Company to better operate 

production and treatment facilities in the White Tank water system. The 

Company currently has three employees that operate the White Tank water 

system, which is managed from the Pinal Valley office, located approximately 90 

minutes away in Casa Grande. Currently, the water system has limited basic 

fault alarms and local controls. 

The White Tank water system consists of five wells, two arsenic removal 

facilities, and one nitrate removal facility. Phase 1 of the SCADA system 

includes the installation of SCADA monitoring and control equipment at the 

Monte Vista arsenic removal facility, installation of a SCADA master computer, 

as well as a radio and antenna. The Monte Vista arsenic removal facility 
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removes arsenic from Well Nos. 2, 4, and 8. A Nitrate Removal Facility at Well 

No. 7 reduces the nitrate level from 40 mg/L to 18 mg/L before the water is 

pumped to the Monte Vista arsenic removal facility for blending with water 

treated from Well Nos. 2,4, and 8. Operators will use the new SCADA system to 

trend daily tank levels, monitor well and blend plan status, and receive alarms 

when the system is not operating within established parameters. Constructing 

this SCADA system phase will allow management staff to monitor and control 

facilities in the White Tank system remotely from Casa Grande. Cost 

information, the proposal/contract, and construction schedule are included in 

Exhibit FKS-1. 

WA 1-5263 - INSTALL APPROXIMATELY 230 LF OF 6-INCH DIP AND ONE 

AIR RELIEF VALVE ALONG CITRUS ROAD. 

This project, completed and placed in service on February 3, 2015 at a 

total cost of $52,000, was necessary to eliminate two dead end mains. 

Eliminating two dead end water mains creates a looped system that improves 

water quality by reducing water age improves fire flow, and stabilizes water 

system pressures. Cost estimates, the proposakontract, and construction 

schedule are included in Exhibit FKS-1. 

WA 1-5309 - REPLACE 16-INCH DUCTILE IRON FITTINGS AND 

BUTTERFLY VALVES AT THE BLUE HORIZON ARSENIC REMOVAL 

FACILITY. 

This project was completed and placed in service on April 21, 2015 for a 

total cost of $54,000 to replace corroded pipes. Company operators must use 

corrosive chemicals in the arsenic treatment process, which corroded pipes a1 

the Blue Horizon arsenic removal facility. Because this piping is critical to the 

facility's operation, it needed to be replaced. In order to protect againsl 

corrosion, the Company determined that the concrete lined fittings required 

replacement with ceramic epoxy lined fittings and the standard epoxy lined 
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valves required replacement with modified polyamine epoxy lined valves. This 

site is critical because it produces 50% of the water supply for the White Tank 

service area. Cost estimates, the proposakontract, and construction schedule 

are included in Exhibit FKS-1. 

WA 1-5360 - CONSTRUCT 12-INCH OVERFLOW AND NEW LADDER ON 

THE 500,000 STORAGE TANK AT BEAUTIFUL ARIZONA ESTATES TANK 

SITE. 

While recoating the interior of the water storage tank, Company engineers 

noticed that the interior ladder failed and required replacement. A storage tank 

interior ladder is required so that operators and inspectors can access the tank to 

perform routine tank maintenance and inspections. Additionally, the existing 6- 

inch overflow is undersized because of increased production capacity in the 

White Tank service area. Constructing a 12-inch overflow line is required to 

comply with AWWA standards and to prevent over pressurizing and damage to 

the storage tank. This tank is critical because it provides 30% of the storage 

capacity to the Northern portion of the White Tank water system. Cost estimates, 

the proposaVcontract, photos, and inspection documents are included in Exhibit 

FKS-1. The total estimated cost to complete this project is $20,000 and the 

Company plans to place the storage tank in service on or about August 31, 201 5. 

C. Phoenix Office 

WA 1-5324 - REPLACE OBSOLETE PHONE SYSTEM IN THE PHOENIX, 

PINAL VALLEY, WHITE TANK AND AJO OFFICES. 

This project is necessary to replace the Company's current phone system 

has failed at least four times in the past year and can no longer be repaired or 

serviced. The Company's current phone system is a 15 year old analog system 

that operates using Microsoft Windows NT. The manufacturer no longer 

provides support for the phone system, and Microsoft no longer supports 

Windows NT. Installing a new phone system will improve reliability. A new 
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phone system will also better integrate with future technologies. By upgrading to 

a Voice Over IP ('VOIP'') system, the Company can transfer calls between the 

Phoenix office and its division offices, making customer call handling more 

efficient. Additionally, a VOIP system will allow employees to reroute calls to 

other division offices during busy periods to make more efficient use of customer 

service representatives. Cost estimates, the proposakontract, and construction 

schedule are included in Exhibit FKS-1. The estimated total cost to complete this 

project is $85,000 and the Company plans to place the phone system in service 

on or before December 15, 2015. 

WA 1-5325 - REPLACE OFFICE BUILDING SIGNS. 

This project is necessary to install a new sign at the entrance to the 

parking lot for better visibility. The existing sign is located high on the building 

but is not visible from lndianola Avenue. This makes it difficult for customers and 

visitors to find by the office. Cost estimates, the proposakontract, and 

construction schedule are included in Exhibit FKS-1. The total estimated cost to 

complete this project is $31,000 and the Company plans to have the signs 

installed on or before December 15, 2015. 

WA 1-5326 - REPLACE THE ANTI-VIRUS AND PATCH SERVERS AND 

MIGRATE ACTIVE DIRECTORY TO NEW SERVER. 

This project is necessary to maintain the integrity, security and reliability oi 

the Company's computer network. The patch and anti-virus servers are used to 

send software updates to user workstations and to run the company's anti-virus 

software. These servers are over six years old and need to be replaced. 

Additionally, the Microsoft Active Directory Domain Service which 

authenticates and authorizes all users and computers in the network needs to be 

updated to a newer version in order to increase reliability of user access to the 

company's network. Cost estimates, the proposal/contract, and constructior 

schedule are included in Exhibit FKS-1. The total estimated cost to complete this 
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IV. 
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A. 

project is $14,000 and the Company plans to place the computer software and 

servers in service on or before October 30,2015. 

WA 1-5327 - DESIGN AND IMPLEMENT A NEW COMPANY WEBSITE. 

Customers use the company's website to find payment options, local office 

addresses, phone numbers, tariffs, Consumer Confidence Reports and to learn 

about water conservation. The current website has become difficult to maintain 

and is difficult for customers to navigate. Designing and implementing a new 

website will allow the company to fix these problems and allow it to offer new 

services to customers, such as e-billing. Cost estimates, the proposakontract, 

and construction schedule are included in Exhibit FKS-1. The total estimated 

cost to complete this project is $20,000 and the Company plans to have the 

website operational on or before December 15, 2015. 

IS THE COMPANY PROPOSING TO INCLUDE ANY ADDITIONAL POST- 

TEST YEAR PLANT IN RATE BASE NOT DESCRIBED ABOVE? 

Yes. In addition to the projects described above, the Company proposes to 

include smaller post-test year projects, known as blanket projects, in rate base. 

Blanket projects are projects with short lead times that are managed by the 

division offices and reviewed on an aggregate basis by the Company's 

engineering department. The Company's proposed post-test year blanket 

projects for the Ajo, Pinal Valley, and White Tank service areas and for the 

Phoenix office and meter shop are reflected in the appendix to Schedule B-2 of 

the Company's Application, sponsored by Mr. Reiker. 

Descrintion of Cornpanv-Funded Construction Budnetina Procedures 

HOW DOES THE COMPANY DETERMINE WHICH PROJECTS TO BUDGET 

IN A GIVEN YEAR? 

Each year, the Company prepares the next year's construction budget for each of 

its water systems. Division managers prepare proposed construction budgets for 

utility plant additions in the water systems they manage as part of the budget 
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process. Each division manager identifies the water facilities needed to improve 

or maintain service to existing customers. For example, division managers 

propose construction project such as storage tanks, booster pump station 

replacements or upgrades, new wells, or replacement of water mains or water 

transmission lines. Division managers make recommendations based on the 

need to maintain safe, reliable and adequate water service. 

Company engineers then review and analyze the proposed construction 

projects and further investigate and evaluate the need for each project. 

Company engineers develop preliminary schematics and cost estimates and 

collect data supporting for each project. Engineers also review current and 

projected water system demands and evaluate production, pumping, and storage 

capacities available to meet such demands. Among the factors Company 

engineers consider when reviewing proposed projects are compliance with 

applicable codes, ordinances, and safe drinking water standards, trends in 

source water quality, and changes in regulations that may affect continued 

compliance with drinking water standards. 

Several days are scheduled each year for division managers, engineers, 

operations staff, and other Company managers to meet at each division office to 

review and discuss that Division Manager's proposed construction projects for 

the next year. Company engineers subsequently conduct on-site visits to review 

and discuss larger-scale construction projects. The Company's President, 

Division Manager's and engineers and I prioritize the proposed projects and a 

final construction budget is prepared and presented to the Company's Board 01 

Directors for their review and approval. 

WHO DETERMINES HOW MUCH WILL BE ALLOCATED AND APPROVED 

FOR COMPANY-FUNDED PROJECTS? 

The Company's Board of Directors establishes the annual construction budget for 

Company funded projects. Under normal circumstances, the construction budgei 
37 
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Q. 
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increases each year to reflect increasing costs of construction such as materials 

and labor, general inflation, and additional regulatory requirements. Since 2009, 

the Company's construction budget has increased steadily, reflecting improved 

economic conditions and increases in revenues. The Company's Board of 

Directors approved a construction budget of $1 8.3 million for calendar year 201 5. 

HOW DO YOU PROCEED ONCE THE COMPANY'S CONSTRUCTION 

BUDGET IS APPROVED BY ITS BOARD OF DIRECTORS? 

Once the Board of Directors approves the Company's construction budget, the 

Company prepares detailed construction plans for the utility plant additions and 

obtains the required regulatory permits and approvals. Once the Company 

receives the required permits and approvals, it releases the project to 

construction. Company engineers solicit competitive bids for infrastructure, such 

as booster pump stations, storage tanks, and new wells. The division managers 

solicit competitive bids from a list of qualified independent contractors for pipeline 

projects. The Company typically award these projects to the qualified contractors 

who submit the lowest bids. 

DOES THE COMPANY FUND THE COST OF INFRASTRUCTURE NEEDED 

TO SERVE NEW DEVELOPMENTS? 

No. Developers fund the infrastructure needed to serve their projects through 

advances in aid of construction or contributions in aid of construction. 

ARE DEVELOPER ADVANCED FUNDS FOR WATER FACILITIES INCLUDED 

IN THE COMPANY'S ANNUAL CONSTRUCTION BUDGET? 

No. 

HOW ARE DEVELOPERS' WATER FACILITY REQUIREMENTS 

DETERMINED AND BUDGETED? 

The Company works with developers to determine the infrastructure needed to 

provide water service to their developments. Such infrastructure includes 

waterlines, fire hydrants, water services, and water meters. For larger 
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developments, the Company may also require water storage tanks, booster 

pump stations, wells, and water treatment plants. This infrastructure is included 

in main extension agreements between the Company and developers. 

Developers fund this infrastructure. Project timing is entirely dependent upon the 

developer’s construction schedule. Because the Company does not fund these 

infrastructure requirements, it does not include developer advances or 

contributions in its annual construction budget. 

Descrbtion of Company-Funded Utility Plant Additions For The Western 

Group 

PLEASE SUMMARIZE THE COMPANY-FUNDED UTILITY PLANT ADDED IN 

THE WESTERN GROUP SINCE DECEMBER 31, 2010, THE TEST YEAR 

UTILIZED IN THE LAST GENERAL RATE CASE FOR THE WESTERN 

GROUP. 

From the adjusted test year in the Company’s last Western Group general rate 

case through the adjusted December 31, 2014 test year in this proceeding’ the 

Company funded construction projects in the Western Group are summarized 

below. Company funded utility plant additions were added to maintain and 

replace infrastructure, address water loss, resolve operational problems, and 

comply with safety regulations and Safe Drinking Water Act standards. A 

summary of the cost of these utility plant additions is provided in the following 

table: 
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ARIZONA WATER COMPANY 
Western Group 

Company-Funded Utility Plant Additions 

The following is a summary of the major projects the Company ha: 

completed and placed in service since December 31 , 2010, the adjusted tes 

year in the last Western Group rate case: 

A. Aio Service Area 

B. Pinal Valley Service Area 

i. Pinal Valley Water Svstem - (1 1-0091 

Plant Addition Summary 
for PWSID No. 11-009 

WA No. 
461 7 

4702 

Project Description 
Construct a 2 MG water storage tank, 4,800 GPM booster pump 
station, and related appurtenances at the Arizona City storage tank 
and booster pump station site. 
Construct 127 LF of 8-inch DIP, 2,185 LF of 6-inch DIP, and 37 LF 
of 4-inch DIP water main to replace 155 LF of 8-inch CI, 50 LF of 6- 
inch CA, 1,946 LF of 4-inch CI, and 280 LF of 4-inch CA water main 
along Florence Street between Main Street and Florence Boulevard 
as part of the City of Casa Grande downtown street improvement 
project. 

Excludes post-test year plant included in rate base in the previous rate proceeding (test year ended December 31, 2010) 
and includes post-test year plant requested in this proceeding. 
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4704 

4772 

4773 

4774 

4802 

4803 

4804 

4807 

4846 

4850 

4854 

4861 

4876 

491 1 

4912 

491 5 

4943 

4955 

4958 

Construct a permanent post pH adjustment system including a new 
sodium hydroxide chemical storage tank and redundant chemical 
injection pumps to replace the chemical storage tank, injection 
pump, and controls at the Pinal Valley Well No. 28 arsenic removal 
facility. 
Construct 2,144 LF of 12-inch C-900 and 4,193 LF of 6-inch C-900 
water main to replace 6,510 LF of 4-inch and 370 LF of 6-inch CA 
water main and replace 162 service connections along Lincoln, 
Seagoe, and Elm Avenues. 
Construct 1,312 LF of 12-inch C-900 and 1 ,I 15 LF of 6-inch C-900 
water main to replace 2,400 LF of 6-inch CA water main with along 
Vah Ki Inn Road and Moore Road. 
Construct 2,614 LF of 12-inch DIP and 1,532 LF of 16-inch DIP 
water main from Pinal Valley Well No. 28 to the Arizona City storage 
tank and booster pump station site. 
Pull and replace the pump and related appurtenances at Pinal 
Valley Well No. 23. 
Pull and replace the pump, motor, and related appurtenances at 
Pinal Vallev Well No. 14. 
Install a 16-inch control valve and related fittings at the Casa 
Grande Mountain 5 MG water storaae tank. 
Construct grading and drainage improvements at the Valley Farms 
storage tank site, 
Pull and replace the pump and related appurtenances at Pinal 
Valley Well No. 7. 
Construct 92 LF of 6-inch DIP water main to replace 92 LF of 6-inch 
CA water main along Geronimo Drive. 
Construct 200 LF of 10-inch C-900 water main to replace 200 LF of 
1 O-inch CA water main along La Palma Road south of Windsor 
Road. 
Pull and replace the pump and related appurtenances at Pinal 
Valley Well No. 29. 
Construct 13 LF of 6-inch DIP water mains to replace 13 LF of 6- 
inch CA water main along McMurray Boulevard at Crane Street. 
Replace two base station radios, six remote desk sets, and four 
radios, reprogram seven radios and purchase two new handheld 
radios to comply with FCC narrowband requirements. 
Construct a surge anticipator valve and related appurtenances at 
the Coolidge Well Nos. 9 and 10 booster pump station, 
Construct entrained air removal system and sanitary seal at Pinal 
Valley Well No. 17. Pull and replace the pump and related 
appurtenances. 
Pull and replace the pump motor and related appurtenances at 
Pinal Valley Well No. 20. 
Construct 13 LF of 6-inch DIP water main to replace 13 LF of 6-inch 
CA water main at McMurray Boulevard and Houck Street. 
Construct 3 LF of 4-inch DIP water main to replace 3 LF of 4-inch Cl 
water main at the intersection of 1st Street and Dry Lake Street. 

41 I 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

of Casa Grande's 

I and Peart Road in Casa Grande to construct water storage tanks, 

r main along First Street between Picacho and Dry 

Coolidae Well Nos. 9 and I O .  booster DumD station. 

6-inch concrete asbestos water main with 6-inch ductile iron water 
main and replace 68 service connections in the Rancho Grande 
Subdivision, Phase 1. 
Replace 2,791 LF of deteriorated and failing 2-inch GS, 3-inch CA, 5026 
4-inch CA, and 6-inch CA water mains with 326 LF of 6-inch DIP 
and 2,563 LF of 8-inch DIP and replace 34 service connections 

McMurray Boulevard between Schultz Street and Pinai 

chain link fence and slump block wall at Pinal Valley Well No. 25, 
Construct a perimeter fence around the Highway 84 and Thornton 5031 
Road/ material storage yard. 
Construct 174 LF of 6-inch DIP water main to replace 174 LF of 6- 5075 
inch DIP water main and 6-inch PVC water main at UPRR Rail 
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5087 

5095 

51 18 

51 22 

51 23 

5127 

51 76 
51 95 
5198 

5200 

5204 

5205 

5208 

521 1 

521 5 

5224 

5236 

5239 

5264 

5265 

Pull and replace the pump, motor, and related appurtenances at 
Pinal Valley Well No. 21. 
Install a 2-inch domestic service along Colorado Street to serve the 
Odyssey Charter School. 
Replace 4,334 LF of old deteriorated and failing 4-inch and 6-inch 
CA water main with 6-inch DIP water main and replace 76 service 
connections in the Rancho Grande Subdivision, Phase 2. 
Construct a line stop and 16-inch gate valve on the 16-inch CA 
water main at the southwest corner of Gila Bend Highway and VIP 
Boulevard. 
Pull and replace the pump, motor, and related appurtenances at 
Pinal Valley Well No. 25. 
Replace the mechanical seal, pump shaft, and bearings in pump 
No. 1 and install a temporary plug in water storage tank to control 
flow at the Cottonwood Lane Booster Pump Station. 
Purchase no-lead Brass compliant meters. 
Replace a leaking fire hydrant at the SRP Substation. 
Construct 13 LF of I O-inch DIP water main to replace 13 LF of 10- 
inch CA water main along McMurray Boulevard and Gilbert Avenue. 
Pull and replace pump, modify on-site piping, and construct a flush- 
to-waste line at Coolidge Well No. 10. 
Pull and replace the pump and related appurtenances at Pinal 
Valley Weli NO. I 0. 
Construct 5 LF of 6-inch DIP water main to replace 5 LF of 6-inch 
DIP water main on Sand Hills Court. 
Pull and replace the pump and related appurtenances at Pinal 
Valley Well No. 28. 
Remove and reinstall media to replace 840 failing nozzles and 
replace the interior coating in six vessels at the Pinal Valley Well 
No. 28 Arsenic Removal Facility. 
Pull and replace pump and related appurtenances at Pinal Valley 
Well No. 14. 
Expand the Henness Road booster pump station to a firm capacity 
of 6,000 gpm. Construct 24-inch DIP suction and discharge 
manifolds to replace 16-inch DIP and install a surge anticipator 
valve. 
Remove and reinstall media to replace 604 failing nozzles and 
replace the interior coating in four Vessels at the Pinal Valley Well 
No. 29 Arsenic Removal Facility. 
Replace one 1 -inch leaking copper service with one 1 -inch copper 
service at 512 E. Cottonwood Lane. 
Pull and replace the pump, motor, and related appurtenances at 
Pinal Valley Well No. 32. 
Pull and replace the pump and related appurtenances at Pinal 
Valley weii NO. 7. 
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11. Coolidge Airport Water Svstem (PWSID No, 11-7071 

iii. Tierra Grande Water Svstem (PWSID No. 11-076) 

iv. Stanfield Water System (PWSID No. 11-012) 

Plant Addition Summary 
for PWSID No. I 1-01 2 

1 at the Stanfield arsenic and nitrate removal Facility. 

C. White Tank Service Area 

Plant Addition Summary 
for PWSID No. 07-128 
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of 8-inch DIP, and 230 LF of &inch DIP water main to replace 
approximately 1,860 LF of CA water main on Perryville Road at the 

I Tank Well No. I O .  

D. Phoenix Office 
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Q. 

A. 

Q. 

A. 

Additional Arsenic Removal Facilities and the Need to Continue the ACRM 

DOES THE COMPANY NEED TO CONSTRUCT ADDITIONAL ARSENIC 

REMOVAL FACILITIES IN THE WESTERN GROUP? 

Yes. The Company needs to construct an arsenic removal facility for Pinal 

Valley Well No. 34 to reduce arsenic levels from 40 ppb to under the federally 

mandated MCL of 10 ppb to comply with Safe Drinking Water standards. The 

Arizona City portion of the Pinal Valley water system currently has one source of 

supply, Well No. 28, which serves more than 4,700 customers. When Well No. 

28 has a well pump failure, water is pumped from limited well supplies in Casa 

Grande to Arizona City by the Tanger booster pump station. The Tanger booster 

pump station and transmission line have capacity to provide up to 1.2 MGD to 

Arizona City but do not have sufficient capacity to supply the max day demand of 

1.9 MGD in Arizona City. Therefore, an additional source of supply is required in 

Arizona City. If a new source of supply is not added to the Arizona City portion of 

the Pinal Valley water system, during the summer time, customers will 

experience low pressures, poor water quality or may not have water. 

Constructing an arsenic removal facility to utilize Well No. 34 increases 

water supply reliability by adding a second source of supply in this portion of the 

Pinal Valley water system. The Company will use one of the best available 

technologies for arsenic removal as recognized by the EPA, similar to the more 

than 20 ARFs the Company currently owns and operates. 

IS THE COMPANY REQUESTING COMMISSION APPROVAL TO RECOVER 

THESE ADDITIONAL COSTS UNDER THE ARSENIC COST RECOVERY 

M EC H AN ISM (" AC R M " ) ? 

Yes. In Decision No. 73144, the Commission authorized continuation of the 

ACRM in the Company's Pinal Valley service area. The Company requests the 

Commission authorize continuation of the ACRM in this proceeding. Mr. Harris 

discusses the Company's request in detail in Section It of his direct testimony. 
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Q. 
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Q. 

A. 

Q. 

A. 

Q. 

4. 

WHERE IS THE COMPANY PLANNING TO CONSTRUCT THE ARSENIC 

REMOVAL FACILITY FOR WELL NO. 343 

Adequate space is not available at the Well No. 34 site to construct an arsenic 

removal facility. Therefore, the arsenic removal facility will be constructed at the 

Arizona City storage tank and booster pump station site, where there is adequate 

space. 

ARE ADDITIONAL TRANSMISSION MAINS REQUIRED TO CONVEY 

GROUNDWATER TO THE NEW ARSENIC REMOVAL FACILITY? 

Yes. A 3,400 LF 12-inch DIP transmission main is required to move water from 

Well No. 34 to the Arizona City storage tank and booster pump station site, 

where the arsenic removal facility will be constructed. 

WILL THIS ARSENIC REMOVAL FACILITY BENEFIT THE ENTIRE PINAL 

VALLEY WATER SYSTEM? 

Yes. By constructing an arsenic removal facility at Well No. 34, the Company 

can pump water from the Arizona City area to the Casa Grande area, thereby 

providing an additional source of water supply to the Pinal Valley water system. 

Cost estimates, the proposallcontract, and construction schedule are included in 

Exhibit FKS-3. 

WHEN WILL THE COMPANY COMPLETE CONSTRUCTION OF THIS 

ARSENIC REMOVAL FACILITY? 

The Company anticipates this project will be completed and placed in service on 

or before December 31, 2016. The estimated cost to construct for the Pinal 

Valley Well No. 34 arsenic treatment facility is $3,400,000. 

DO ANY OTHER WATER SOURCES IN THE WESTERN GROUP REQUIRE 

TREATMENT FOR ARSENIC? 

No. The Company monitors all of its sources of supply to ensure compliance 

with Safe Drinking Water Standards, including the federally-mandated arsenic 

MCL. 
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2. 

4. 

Q. 

4. 

VII. 

Q. 

A. 

HOW IS THE COMPANY PROPOSING TO RECOVER THE COSTS 

ASSOCIATED WITH THE PINAL VALLEY WELL NO. 34 ARSENIC REMOVAL 

FACl LITY? 

As mentioned above, the Company requests continuation of the ACRM in this 

proceeding for the purpose of recovering the costs to construct and operate the 

ARF at Well No. 34 and the cost of other arsenic removal facilities the Company 

may need to construct in the Pinal Valley and White Tank service areas prior to 

its next Western Group rate case. As Mr. Harris describes in detail in Section II 

of his direct testimony, the Company will experience a significant negative effeci 

on its financial performance without the ability to recover a portion of the costs 

associated with this federally mandated ARF investment through the ACRM. 

ARE THERE OTHER REASONS THE COMPANY REQUIRES THE 

CONTINUATION OF THE WESTERN GROUP ACRM? 

Yes. In addition to the arsenic removal facility noted above, the Compan) 

requests the continuation of the ACRM to recover its cost of removing arsenic 

from the treatment plants listed as post-test year plant additions which requirc 

twelve months of operating costs prior to recovering those actual costs 

Specifically, these ARF's are Valley Farms Well No. 2, Pinal Valley Well No. 1: 

and the POU devices at the Company's Coolidge Airport water system. 

CAP Use Plan 

A. Pinal Vallev Service Area 

HOW MUCH CAP WATER DOES THE COMPANY HAVE UNDEF 

SUBCONTRACT WITH THE CAP FOR USE IN THE PINAL VALLEY SERVICE 

AREA? 

The Company holds annual CAP water allocations totaling 10,884 acre-feet 

("AF") in the Pinal Valley service area. The Company delivered 1,928 AF of CAP 

water to customers for non-potable use in 2014. 
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4. 

3. 

4. 

3. 

4. 

HAS THE COMPANY PREPARED A PLAN TO PUT THE UNUSED PORTION 

OF ITS PINAL VALLEY CAP ALLOCATION TO USE? 

Yes. The Company's plan is outlined in the Pinal Valley 2015 CAP Use Plan, 

filed in this docket. The Pinal Valley 2015 CAP Use Plan was filed on August 7, 

2015 in this docket and is sponsored by Mr. Garfield. The Pinal Valley 2015 CAP 

Use Plan is an update to the Company's CAP Water Use Plan ("2006 CAP Use 

Plan") filed in Docket No. W-O1445A-04-0650, on December 29, 2006 as 

required in Decision No. 68302. In the 2006 CAP Use Plan, the Company 

contemplated constructing a 10 million gallon per day ("MGD") surface water 

treatment plant at an estimated cost, in 2006 dollars, ranging from $34 million to 

$66 million. 

HAS THE COMPANY UPDATED THIS 2006 ESTIMATED COST? 

Yes. In the Company's 2010 test year Western Group rate case, I provided an 

updated cost estimate of $82 million to design and construct a 10 MGD surface 

water treatment plant. In 2014, after further refinements to design specifications 

and a general increase in equipment, materials, and construction costs, thal 

estimate increased to $94 million. The Company has developed a far less costly 

and more efficient means of delivering much needed CAP water to the 

Company's Pinal Valley customers. 

WHAT DOES THE COMPANY'S PINAL VALLEY 2015 CAP USE PLAN 

RECOMMEND? 

The Pinal Valley 201 5 CAP Use Plan outlines the Company's plan to deliver CAP 

water to its customers through recharge and recovery beginning in 2015. The 

estimated construction cost to construct the Pinal Valley recharge and recovery 

facility is approximately $5.8 million, making it a practical, cost-effective and 

financially feasible alternative to treatment and direct delivery of CAP water. 

WILL THE COMPANY ACHIEVE ANY COST SAVINGS UNDER THE PINAL 

VALLEY 2015 CAP USE PLAN? 
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Yes. In addition to the $357,500 grant the Company received from ADWR's 

Water Management Assistance Program, the Company's Pinal Valley 201 5 CAP 

Use Plan achieves the following cost savings: 

0 

0 

0 

Construction cost savings of $88 million 

Operating cost savings of $2.4 million per year 

Customer savings of $17.5 million per year 

0 Residential customer savings of more than $24 per month or a savings of 

84 percent. 

WHATISRECHARGEANDRECOVERY? 

Recharge and recovery involves the intentional recharge of water into an aquifer 

system for intended recovery and beneficial use as an element of long-term 

water resource management.3 Under ADWR's recharge and recovery program, 

water can be stored at either underground storage facilities or groundwater 

savings facilities. Underground storage facilities are constructed typically using 

recharge (or spreading) basins where water directly recharges the groundwater 

aquifer through infiltration. Other type methods of underground storage facilities, 

such as shallow wells (vadose zone) or deep injection wells, are used when 

recharge basins are impractical or technically not feasible. 

PLEASE DESCRIBE THE COMPANY'S PLANNED PINAL VALLEY 

RECHARGE AND RECOVERY FACILITY, AS OUTLINED IN THE PINAL 

VALLEY 2015 CAP USE PLAN. 

The Company's Pinal Valley recharge and recovery facility will consist 01 

recharge basins and the infrastructure necessary to deliver CAP water to these 

basins. The Company will eventually drill recovery wells on-site to deliver 

recovered CAP water to customers throughout the Pinal Valley service area. In 

the meantime, the Company will obtain permits for its existing Pinal Valley wells 

so that it may receive stored water through them. 

Southwest Hydrology. May/June 2008. University of Arizona. 
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Q. 

4. 

WHERE DOES THE COMPANY PLAN TO CONSTRUCT THE PINAL VALLEY 

RECHARGE AND RECOVERY FACILITY? 

A map showing the location of the Pinal Valley recharge and recovery facility is 

shown below in Figure 2-1. A conceptual plan showing the recharge basins and 

the facility’s connection to the CAP canal is shown below in Figure 2-2. 
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I. DOES THE COMPANY'S PLAN COMPLY WITH ARIZONA POLICY? 

Yes. As explained by Mr. Garfield in Section 111 of his direct testimony, the 

Company's plan to use CAP water to serve its customers through recharge and 
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Q. 

4. 

Q. 
4. 

recovery complies with Arizona's public policy on water storage and water 

savings, Mr. Garfield also discusses how the Company's plan addresses and 

mitigates over-reliance on groundwater in the Pinal Active Management Area 

("AMA") and the resulting threat to the sustainability of water supplies in the area. 

WHAT IS THE STATUS OF THE COMPANY'S PlNAL VALLEY RECHARGE 

AND RECOVERY FACILITY? 

On March 12, 2014, Company engineers prepared a Request for Proposal 

("RFP") from qualified hydrogeological and engineering firms. After an extensive 

review of the proposals and interviewing the individuals who would be 

responsible for the project analysis, modeling, application, permitting and design, 

the Company selected the team of Clear Creek and Associates and Carollo 

Engineers to complete the necessary work. 

The project commenced on May 21, 2014, and on December 19, 2014, 

the Company completed and submitted to ADWR its Application to Construct an 

Underground Storage Facility and a Water Storage Permit. On May 28, 2015, 

ADWR notified the Company that it had completed its review of the Company's 

applications and supporting analyses and determined that both applications were 

Administratively Complete. Copies of the Company's application to construct the 

Pinal Valley recharge and recovery facility, water storage permit are included in 

Exhibit FKS-4. Copy of ADWRs determination is included in Exhibit FKS-5. 

WHAT IS THE NEXT STEP? 

Because ADWR determined the applications are administratively complete, 

ADWR provided a public notice to surrounding landowners and regulatory 

agencies and published the notice in the local newspaper. The last of these 

notices were published on June 4, 2015 and on June 11, 2015. The public 

comment period closed on June 26,2015. Once the Company receives ADWR's 

comments, the Company will proceed with a 60-day pilot recharge project to 

verify and validate the study's recharge estimates. 
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HAS THE COMPANY COORDINATED WITH THE CENTRAL ARIZONA 

WATER CONSERVATION DISTRICT ("CAWCDI') AND CAP TO CONSTRUCT 

THE NECESSARY FACILITIES TO CONVEY CAP WATER TO THE 

RECHARGE BASINS? 

Yes. The Company has met with CAWCD and CAP to discuss the necessary 

facilities necessary and how the Company will utilize the facilities to recharge and 

recover CAP water. The Company will submit its preliminary design to CAWCD 

and CAP in September 2015. 

HOW IS THE COMPANY PLANNING TO DELIVER WATER FROM THE CAP 

CANAL TO THE RECHARGE BASINS? 

The Company has studied the hydraulics of conveying water from the CAP canal 

to the recharge basins and determined that water can be conveyed from the CAP 

canal to the recharge basins by gravity and without the use of large pumps and 

pumping equipment. In the company's effort to minimize the long term cost of 

recharging CAP water, it determined that water can be siphoned from the canal 

and then conveyed through a 24-inch transmission main to the recharge basins 

without continuous pumping, thereby reducing construction, operating, and 

maintenance costs. 

WHAT IS THE COMPANY'S SCHEDULE TO COMPLETE PINAL VALLEY 

RECHARGE AND RECOVERY FACILITY? 

A detailed design, permitting, construction and start-up schedule is included as 

Exhibit FKS-6. The company's schedule is summarized in the following table: 
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ACTIVITY 
ADWR Permitting 
Facility Design and CAP 
Permittina u 
Biddina 
Award of Contract 
Construction 

June 2016. I 
Six months with a completion date of December 
2016. I 

HOW WILL THE COMPANY FUND THE PINAL VALLEY RECHARGE AND 

RECOVERY FACILITY? 

The Company is funding the design and construction of the Pinal Valley 

Recharge and Recovery Facility primarily with offsite facility fees, which are 

recorded as contributions in aid of construction and excluded from rate base, 

thereby keeping customer rates low. 

DOES THE COMPANY HAVE THE NECESSARY PERMITS IN PLACE TO 

STORE CAP WATER GROUNDWATER SAVINGS FACILITIES REFERENCED 

IN MR. GARFIELD'S TESTIMONY? 

Yes. On August 22, 2014, the Company received the necessary ADWR Water 

Storage Permits. Those permit numbers are shown below. 

f ADWR Water Storage 1 

WHAT EFFECT WILL RECHARGE AND RECOVERY HAVE ON 

GROUNDWATER PUMPING UNDER THE PINAL VALLEY 2015 CAP USE 

PLAN? 

The Company's 2014 Pinal Valley service area water production totaled 18,214 

acre-feet, with pumped groundwater making up nearly 90% of all water 

, 
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pumping of mined groundwater by over 8,000 acre-feet by 2019, as shown 
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Figure 2 - 4 Pinal Valley Service Area Groundwater Pumping Reduction 

. .  
. .  _ _  

Over the next ten years, the Company will recharge nearly 8,000 acre-feel 

of CAP water per year, saving nearly 80,000 a.cre feet gf groundwater by 2024. 

WHAT IS MINED GROUNDWATER? 
. .  . . .  . . *  

Mined groundwater is the withdrawal or removal of groundwater over a period of 

time that exceeds the recharge rate of the supply aquifer. 

DOES MINING GROUNDWATER CAUSE PROBLEMS? 

Mining groundwater over a long duration can cause several problems. ' M'ining 

groundwater can lead to land subsidence and earth fissures. On August 12, 

2015, the Arizona Republic published an article regarding an Arizona State 

University study, in cooperation with ADWR, evaluating the efforts of mining 

groundwater. ADWR stated that "Land subsidence has been happening in 

. .  
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Arizona since the early 1900s with parts of Maricopa and Pinal Counties 

subsiding more than 18 feet since then".4 The study also concluded that fissures 

can threaten canals, utility lines, water mains, storm drains and sewers. A copy 

of the Arizona Republic article in included in Exhibit FKS-7. 

HOW DOES THE COMPANY PLAN TO RECOVER STORED CAP WATER? 

The Company will initially recover stored CAP water through its 39 existing wells 

located throughout the Pinal Valley service area. As the area near the recharge 

and recovery site develops, the Company plans to recover stored CAP water 

from recovery wells constructed at or near the recharge and recovery site. The 

Company will then deliver that water to the Pinal Valley service area through a 

36-inch transmission main. The Company will construct on-site recovery wells as 

needed to satisfy water system production needs and to meet recovery 

objectives as previously shown in Figures 2-3 and 2-4. 

HAS THE COMPANY APPLIED FOR AND RECEIVED RECOVERY WELL 

PERMITS FROM ADWR? 

Yes. On June 9, 2015, ADWR issued Recovery Well Permit No. 

74-224234.0000 permitting the Company's 39 Pinal Valley service area wells as 

recovery wells. A copy of the recovery well permit is included in Exhibit FKS-8. 

WAS THE COMPANY'S RECHARGE AND RECOVERY PLAN ADOPTED BY 

ANY PUBLIC AGENCIES? 

Yes. The City of Coolidge incorporated the Company's Pinal Valley Recharge 

and Recovery Facility into the City of Coolidge 2025 General Plan Update dated 

June 23, 2014. A copy of the City of Coolidge 2025 General Plan Update in 

included in Exhibit FKS-9. 

Arizona Republic Article, August 12, 201 5 ASU Study: Parts of metro Phoenix area are sinking, Anne Ryman. 1 
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HOW AND WHEN WAS THE PLAN ADOPTED? 

The City of Coolidge Planning and Zoning Commission approved the 2025 

General Plan Update on May 7, 2014. The City Council approved the plan on 

June 23,2014 and the voters approved the plan on November 4,2014. 

6. White Tank Service Area 

HOW MUCH CAP WATER DOES THE COMPANY HAVE UNDER 

SUBCONTRACT WITH THE CAP FOR USE IN THE WHITE TANK SERVICE 

AREA? 

The Company holds a CAP allocation totaling 968 acre-feet per year for its White 

Tank service area. 

HAS THE COMPANY OUTLINED A PLAN TO PUT THE UNUSED PORTION 

OF ITS WHITE TANK CAP ALLOCATION TO USE? 

Yes. The Company's plan is outlined in the White Tank 2015 CAP Use Plan, 

filed in this docket on August 7, 2015. 

As explained in the White Tank 2015 CAP Use Plan, the Company has 

developed a far less costly and more efficient means of delivering much needed 

CAP water to customers in the White Tank service area. 

HOW DOES THE COMPANY PLAN TO DELIVER CAP WATER TO 

CUSTOMERS IN THE WHITE TANK SERVICE AREA? 

The Company plans to deliver CAP water to its customers through recharge and 

recovery. The estimated construction cost related to the Company's White Tank 

recharge and recovery facility is $2.6 million, making it a practical, cost-effective 

alternative to treatment and direct delivery of CAP water. 

WILL THE COMPANY ACHIEVE ANY COST SAVINGS UNDER THE WHITE 

TANK 2015 CAP USE PLAN? 

Yes. The Company's White Tank 2015 CAP Use Plan achieves the following 

cost savings: 

e Construction cost savings of $8.6 million 
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0 

0 

0 

Operating cost savings of $180,000 per year 

Customer savings of $1.6 million per year 

Residential customer savings of more than $33 per month or a savings of 

77 percent 

WHAT IS THE STATUS OF THE COMPANY'S WHITE TANK RECHARGE 

AND RECOVERY PROJECT? 

Company engineers completed the conceptual design and facility sizing of the 

White Tank CAP recharge and recovery facility. Also, Company engineers 

identified several sites in or near the Company's White Tank water system. A 

map showing the possible locations of the White Tank recharge and recovery 

facility is shown below in Figure 2-5. A conceptual plan showing the recharge 

basins and the facility's connection to the Maricopa Water District Canal is shown 

below in Figure 2-6. The Company's facility sizing, estimated cost of construction 

and annual operation and maintenance cost are included in Exhibit FKS-IO. 
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HOW IS THE COMPANY PLANNING TO DELIVER WATER FROM THE CAP 

CANAL TO ITS RECHARGE BASINS? 

Company engineers evaluated options and determined that working with 

Maricopa Water District ("MWD") to wheel the Company's CAP water, using 

MWD's existing canal, is the most cost-effective solution. Company engineers 

discussed this possibility with MWD, and MWD representatives have indicated 

their support. 

HOW WILL THE COMPANY FUND THE WHITE TANK RECHARGE AND 

RECOVERY FACILITY? 

The Company is planning to fund the design and construction of the White Tank 

Recharge and Recovery Facility primarily with offsite facilities fees, which are 

recorded as contributions in aid of construction and excluded from rate base, 

thereby keeping customer rates low. 

DOES THE COMPANY HAVE AN OFFSITE FACILITIES FEE FOR THE WHITE 

TANK SERVICE AREA? 

No. However, the Company is requesting Commission approval of a new off-site 

facilities fee for the White Tank service area, as discussed in more detail by Mr. 

Harris in Section V of his direct testimony. 

WHAT IS THE AMOUNT OF THE COMPANY'S PROPOSED OFF-SITE 

FACILITIES FEE? 

As discussed in Section V of Mr. Harris' direct testimony, the proposed off-site 

facilities fee tariff is $2,500 for each new service connection with a 518 x 314-inch 

meter. The amount of the Facilities Fee increases for larger meter sizes. The 

proposed Off-Site Facilities Fee tariff is included in Mr. Harris' direct testimony as 

Exhibit JDH-6. 

WHAT IS THE COMPANY'S SCHEDULE TO COMPLETE THE RECHARGE 

BASINS? 
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A detailed design, permitting, construction and start-up schedule for this work is 

included as Exhibit FKS-11. In summary, the Company's schedule is shown 

below. 

I ACTIVITY I DURATION I 

MWD Permittina 
Bidding and award 
of contract 1 2 months. 

If the funds from the offsite facilities fees will not fund the project based on the 

above schedule, the Company proposes to fund the necessary construction 

using Company funds and collect post in-service AFUDC until sufficient offsite 

facilities fees are collected. This is discussed in more detail in Section V of Mr, 

Harris' testimony. 
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Q. 

A. 

Q. 

A. 

Q. 

9. 

DOES THE COMPANY HAVE THE NECESSARY PERMITS IN PLACE TO 

STORE CAP WATER IN MARICOPA WATER DISTRICT'S GROUNDWATER 

SAVINGS FACILITY DESCRIBED IN MR. GARFIELD'S TESTIMONY? 

Yes. On August 22, 2014, the Company received the necessary ADWR Water 

Storage Permit, permit No. 73-558246.1 500. 

WHAT ELSE HAS THE COMPANY DONE TO PREPARE TO STORE CAP 

WATER FOR THE WHITE TANK WATER SYSTEM? 

On April 7,2015, per the Company's request, CAWCD sent the Company a letter 

stating that CAWCD consents to allow the Company to store its CAP Water at 

both the CAWCD Agua Fria Constructed Recharge Project and their Hieroglyphic 

Mountains Recharge Project. On May 1, 2015, the Company applied for the 

necessary ADWR Water Storage Permit to store CAP Water at both of these 

recharge sites. On June 5, 2015, the Company sent CAP a Letter of Intent to 

store the Company's CAP Water at two existing facilities owned by CAWCD. On 

June 16, 2015, ADWR determined the Company's Agua Fria permit was 

administratively complete. On June 19, 2015, ADWR determined the Company's 

Hieroglyphic Mountain permit was administratively complete. This provides the 

Company with several options to store CAP water until the Company's White 

Tank Recharge and Recovery Facility is complete. 

WHAT EFFECT WILL RECHARGE AND RECOVERY HAVE ON FUTURE 

WATER SUPPLIES UNDER THE COMPANY'S 2015 CAP USE PLAN? 

The Company's 2014 water production in its White Tank system totaled 1,319 

acre-feet, with pumped groundwater making up 100% of all water production, as 

shown below in Figure 2-7. Implementing the White Tank 2015 CAP Use Plan 

will begin recharging, recovering and delivering of CAP water to customers, 

thereby reducing the need to pump mined groundwater by 55%, as shown below. 

The Company will reduce its pumping of mined groundwater by 968 acre-feet by 

2020, as shown below in Figure 2-8. 
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Q. 

A. 

Q. 

A. 

Q. 

A. 

VIII. 

Q. 

Over the next ten years, the Company will recharge nearly 800 acre-feet 

of CAP water per year, and by 2024, will have saved nearly 8,000 acre feet of 

groundwater under this plan. 

HOW DOES THE COMPANY PLAN TO RECOVER STORED CAP WATER? 

The Company will initially recover stored CAP water from any of its seven 

existing wells located throughout the White Tank service area. As the White 

Tank recharge and recovery site develops, the Company plans to recover stored 

CAP water from additional recovery wells at the recharge and recovery site. The 

Company will construct on-site recovery wells as needed to satisfy water system 

production needs and to meet recovery objectives as shown in Figures 2-7 and 

2-8. 

HAS THE COMPANY APPLIED FOR RECOVERY WELL PERMITS FROM 

ADWR? 

Yes. On May 12, 2015, the Company applied for the necessary ADWR permits 

to permit all seven of the Company's existing White Tank service area wells as 

recovery wells. 

DOES THE COMPANY PLAN TO FUND THE CONSTRUCTION OF 

ADDITIONAL RECOVERY WELLS WITH OFF SITE FACILITIES FEES? 

Yes. The Company intends to use funds from its proposed off-site facilities fee to 

fund additional recovery wells as well as transmission and distribution mains, 

storage tanks and booster stations needed to pump treat, store, and ultimately 

provide safe, reliable and adequate water service and to transition to sustainable 

supplies. 

Aginn Infrastructure and the Need for a System Improvement Benefits 

Mechanism ("SIB"1 

DID THE COMMISSION ESTABLISH A WATER LOSS STANDARD FOR THE 

COMPANY? 
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4. 

Q. 

A. 

Q. 

A. 

Q. 

A. 

Q. 

Yes. In Decision No. 71845. The Commission ordered the Company to reduce 

water loss for each of its water systems to less than ten percent. 

HAVE YOU REVIEWED WATER LOSS FOR THE COMPANY'S WESTERN 

GROUP OF WATER SYSTEMS? 

Yes. As of December 2014, water loss in the Company's Western Group of 

water systems remains below the Commission-mandated ten percent limit. 

Water loss for each of the six Western Group water systems is shown in the 

following table: 

PWS ID 2014 
~ No. 1 Reported 2013 1 Reported 1 System 

IS THE COMPANY COMPLYING WITH THE COMMISSION'S ORDER? 

Yes. As shown in the table above, all water systems in the Western Group haw 

water loss less than ten percent. 

DOES THE COMPANY'S WESTERN GROUP OF WATER SYSTEMS HAVE A 

SIB? 

No. In the Company's previous Western Group rate case, the Commission dic 

not authorize a SIB. However, in the Company's most recent Eastern anc 

Northern Group rate case proceedings, the commission approved and authorizec 

a SIB. 

IS THE COMPANY REQUESTING A SIB MECHANISM IN THIS PROCEEDINC 

FOR ITS WESTERN GROUP OF WATER SYSTEMS? 
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4. 

3. 

4. 

Q. 

4. 

Yes. 

WHY IS A SIB NECESSARY FOR THE WESTERN GROUP OF WATER 

SYSTEMS WHEN WATER LOSS IS LESS THEN 10 PERCENT? 

Water loss in those water systems is trending upward as shown in the above 

table. It is more efficient and cost effective to keep water loss below ten percent 

by replacing aging infrastructure in a timely fashion rather than let water loss 

increase above ten percent before beginning to replace failing infrastructure. 

The Company's plan identified the need to increase the rate of replacing aging 

infrastructure, however this level of investment will have a significant negative 

effect on the Company's financial performance without the SIB mechanism that 

the Commission developed to allow water utilities to recover a portion of the cost 

of these replacements on a more timely basis. 

HAVE YOU PREPARED AN ANALYSIS OF AGING INFRASTRUCTURE IN 

THE WESTERN GROUP? 

Yes. The Company prepared "Aging Infrastructure Replacement Plan for the 

Company's Western Group of Water Systems" in 2015, attached to this 

testimony as FKS-12, which provides a comprehensive analysis outlining the 

historical, current and anticipated future efforts and requirements to effectively 

replace aging infrastructure in the Company's Western Group of water systems. 

The analysis shows approximately 318,300 LF of water main, or approximately 

7.3 percent of the mains in the Western Group of water systems are in need of 

replacement including 4,110 service lines. This analysis is based on a complete 

review of the documented water main and service line leak, break and repair 

history, summarized in Appendix 6.2 of Exhibit FKS-12. The specific 

replacement projects are identified in Appendix 6.3 of Exhibit FKS-12. The 

Company estimates that replacing these failing water mains and service lines will 

cost $55.8 million. Each year, as the number of water mains and service lines 

that exceed their useful service lives increases, so will the associated costs of 
70 
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Q. 

A. 

Q. 

A. 

Q. 

4. 

replacing the water mains and service lines, making it more difficult for the 

Company to keep up. 

WILL THESE WATER MAIN AND SERVICE LINE REPLACEMENTS HELP TO 

MAINTAIN WATER LOSS TO LESS THAN 10 PERCENT? 

Yes. These projects replace aging and failing water mains and service lines, 

which are prone to leaks and breaks, with new infrastructure that is less 

susceptible to leaks. These waterline replacements are needed to reduce the 

rising costs of repairing leaks and comply with the Commission's order to keep 

water loss below ten percent. The Company is prepared to increase the rate of 

replacement of aging and failing water mains and service lines, but needs 

Commission's support and rate increases to do so. 

CAN THE COMPANY CURRENTLY FUND THE REPLACEMENT OF AGING 

INFRASTRUCTURE NEEDED TO MANAGE WATER LOSS TO LESS THAN 

10 PERCENT? 

No. Not without adequate rate relief and not without an effective cost-recovery 

mechanism such as the SIB mechanism, which the Commission adopted in the 

Company's Eastern and Northern Group rate cases. This is discussed in more 

detail in Mr. Garfield and Mr. Harris' direct testimony. 

HOW DOES THE COMPANY PLAN TO CONTINUE TO REPLACE AGING 

INFRASTRUCTURE? 

By implementing the Commission adopted SIB mechanism. The SIB allows the 

Company to replace aging water mains and service lines as it becomes 

necessary, rather than waiting until the next test year. As with the SIB the 

Commission adopted in the Eastern and Northern Group rate cases, the SIB will 

allow the Company to limit water loss by replacing aging infrastructure in a cost 

effective and timely manner. The Western Group's need for the SIB mechanism 

is discussed in more detail in Mr. Garfield and Mr. Harris' direct testimony. 
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Q. THROUGH THE ANALYSIS OF AGING INFRASTRUCTURE COMPLETED BY 

THE COMPANY, WHAT WERE THE FINDINGS? 

Aio Service Area 

The Ajo Service Area experienced a significant amount of customer growth 

during the 1960s and, with that growth, came the installation of a large number of 

cement asbestos ( T A ' )  water mains as well as the installation of polybutylene 

and polyethylene (''poly") water service lines. Unfortunately, poly service lines 

have proven to become brittle and split longitudinally. Repairing this type of 

service line is difficult and normally leads to their full replacement when leaks are 

discovered. Planned service line replacements reduce or eliminate damage to 

asphalt roadways and concrete curb, gutter and sidewalk which significantly 

decreases the cost compared to unplanned replacements. Leaking service lines 

often damage asphalt roadways and concrete curb, gutter and sidewalks which 

increases the cost of the unplanned service line replacement. These unplanned 

service line replacements typically cost more than $10,000 each and can cost 

$60,000 or more if the leak occurred in ADOT right-of-way. Failing poly service 

lines are still in service and require replacement in the very near future. Without 

these replacements, water losses are expected to increase. 
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The chart and table below show the miles of water mains installed by 

decade and still in service. Seventeen percent or nearly 14,000 LF of water 

mains currently in service were installed prior to 1960 and are over 55 years old. 
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The Pinal Valley Service Area experienced a significant amount of 

customer growth during the mid-1970s and, with that growth, came the 

installation of a large number of CA water mains as \.?ell as poly water service 

lines. Unfortunately, poly service lines have proven to become brittle and split 

longitudinally. Repairing this type of service line is difficult and normally leads to 

their full replacement when leaks are discovered. Planned service line 

replacements reduce or eliminate damage to asphalt roadways and concrete 

curb, gutter and sidewalk which significantly decreases the cost compared to 

unplanned replacements. Leaking service lines often damage asphalt roadways 

and concrete curb, gutter and sidewalks which increases the cost of the 

unplanned service line replacement. These unplanned service line replacements 

typically cost more than $10,000 each and can cost $60,000 or more if the leak 

occurred in ADOT right-of-way. Thousands of poly service lines are still in 

service and require replacement in the very near future. Without these 

replacements, water losses are expected to increase. 

The following three sets of charts and tables show the miles of water main 

in service by size, material type and decade installed within the Pinal Valley 

Service Area, respectively. 
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The table above shows that 77 miles or over 404,500 LF of water mains in 

service today are less than six inches in diameter. 
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installation of a large number of CA water mains as well as poly water service 

lines. Unfortunately, poly service lines have proven to become brittle and spli. 

longitudinally. Repairing this type of service line is difficult and normally leads tc 

their full replacement when leaks are discovered. Planned service line 

replacements reduce or eliminate damage to asphalt roadways and concrete 

curb, gutter and sidewalk which significantly decreases the cost compared tc 

unplanned replacements. Leaking service lines often damage asphalt roadways 

and concrete curb, gutter and sidewalks which increases the cost of the 

unplanned service line replacement. These unplanned service line replacements 

typically cost more than $10,000 each and can cost $60,000 or more if the leak 

occurred in ADOT right-of-way. It is estimated that several hundred poly service 

lines are still in service and require replacement in the very near future. Withoul 

these replacements, water losses are expected to increase. 

The following three sets of charts and tables show the miles of water 

mains in service by size, material type and decade installed within the White 

Tank Service Area, respectively. 
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The table above shows that 2 miles or over 11,600 LF of water mains in 

service today are less than six inches in diameter. 
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Q. 

A. 

THE WESTERN GROUP OF WATER SYSTEMS STILL USE WATER MAINS 

DATING BACK TO THE EARLY 1920s,1930s, 1940s AND 1950s. WHY ARE 

THESE FACILITIES A PROBLEM? 

There are numerous studies which document the failure of infrastructure installed 

during this time p e r i ~ d . ~  

Deteriorating water distribution system infrastructure results in: (1) 

increased leaks and breaks; (2) taste, odor and rusty water complaints; (3) 

reduced flow capacity because of corrosion build up on the internal unlined 

surface of the pipe as shown in the photo below; and (4) reduced chlorine levels 

because corrosion on aging water mains increases the rates of bioflim growth 

and chlorine residual decay. Consequently, there is an increased potential for 

water quality degradation and, ultimately, health risks associated with aging 

infrastructure.6 As a result, this aging infrastructure needs to be replaced. The 

analysis included as Exhibit FKS-13 discusses, in detail, the numerous problems 

caused by aging infrastructure. 

' DeBerry, David W., Kidwell, James R., and Malish. David A. (1982). Corrosion in Potable Water Systems. United States 
3wironmental Protection Agency. Thomson, James and Wang, Lili (2009). State of Technology Review Report on 
Zondition Assessment of Ferrous Water Transmission and Distribution Systems. United States Environmental Protection 
qgency, 
' Aging Waferlnfrastructure (AWO Research (2009). United States Environmental Protection Agency. 
:http://www.epa.gov/awi/distributionsys. htmb October 28, 201 0. 
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Corrosion build up inside cast iron wafer main 

Corrosion weakens the structural integrity of the pipe, increasing the 

likelihood of failure. Over 20,000 LF of water mains currently in service in the 

Western Group are constructed of cast iron, galvanized steel, or iron materials, 

without any additional form of corrosion protection which was industry practice at 

that time. Like any other product made from iron, water mains deteriorate 

through pitting, corrosion, graphitization, and tuberculation build-up. One form of 

corrosion protection, cement lining applied to the interior of water mains, reduces 

internal rates of corrosion. However, cement lining of pipes did not begin until 

the 1940s. Consequently, cast iron water mains that were installed before 1940 

suffer from both the internal and external effects of corrosion, further increasing 

the potential for leaks. The oldest cast iron water mains installed in 1921 in the 

Western Group of water systems are failing from corrosion. The EPA completed 

a Condition Assessment of Ferrous Water Transmission and Distribution 
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Systems and a copy of that assessment is included as Exhibit FKS-13. A copy of 

a similar assessment of Gray Cast Iron pipe is included in Exhibit FKS-14. 

CA water mains were predominantly used from the 1930s to the mid 

1980s and were originally expected to have a longer useful life and better flow 

characteristics than cast iron, galvanized steel, or steel pipe. CA water mains 

were commonly used in the Company's water systems beginning in the 1930s. 

CA does not corrode in the same manner as ferrous (Le. cast iron, galvanized 

steel, or steel) water mains and, as a result, was initially considered a superior 

product by the water utility industry because of its low friction factors and non- 

metallic construction. However, chemical changes occur in the cement substrate 

of the CA pipe because of the interaction between water and the internal surface 

of the pipe, and because of the interaction between the surrounding soil and the 

external surface of the pipe.7 Failure Conditions of Asbestos Cement water 

mains is included in Exhibit FKS-15, 

These chemical changes cause the CA pipes to lose strength. 

Deterioration of the pipe and changes in material or pipe integrity are not 

immediately visible, as there is no color change or reduction in wall thickness. 

The result is a material that is weak and unstable, leading to leaks, breaks, and 

ultimately, failure of the pipe. The Company stopped using CA pipe for new 

water mains in 1986 when it updated its specifications to require the use of 

ductile iron pipe. Concerns over the failure and useful life of CA water mains 

have prompted many studies by the EPA, Universities and other organizations. 

For example, a study that analyzed pipe breaks of CA water mains in urban 

water systems identified the positive relationship between the rate of pipe 

breakage and age. This study confirmed the effects of age on pipe breaks and 

validates the Company's observation that water leaks are increasing as its water 

Kettler, A.J. and Goulter, I.C. (1985). An Analysis of Pipe Breakage in Urban Water Distribution Network. Canadian 
ournal of Civil Engineering, 12286-293. National Research Council Canada. 
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A. 

Q. 

A. 

systems age. Other studies show that the pipe breakage rate is also influenced 

by pipe diameter, with a higher rate of breaks for smaller diameters.8 The higher 

rate of breaks can be attributed to thinner pipe wall and lower bending resistance 

of smaller diameter pipe. The Company's Western Group of water systems have 

many smaller diameter water mains, totaling more than 2,300,000 LF of 6-inch 

and smaller. Besides being a major problem within the Western Group of water 

systems, aging and failing water infrastructure is a national phenomenon. 

AWWAs Assessment of Aging and Failing Infrastructure documents this crisis in 

their report, Buried No Longer. A copy of AWWA's assessment is included in 

Exhibit FKS-16. 

ARE THE WATER MAINS AND SERVICE LINES IN THE WESTERN GROUP 

MADE OF THE SAME MATERIAL AS THE COMPANY'S EASTERN AND 

NORTHERN GROUPS? 

Yes. The Company's Western Group of water systems have galvanized steel 

and cast iron water mains and contain a significant amount of poly service lines, 

which have shown increasing frequencies of failure. The Company presented 

evidence that CA, cast iron, and galvanized steel water mains and poly service 

lines were near or past the end of their useful service lives in the Company's last 

Western Group rate case (see Docket No. W-01445A-10-0517), last Eastern 

Group rate case (see Docket No. W-01445A-11-0310) and the last Northern 

Group rate case (see Docket No. W-01445A-12-0348). 

ARE THERE OTHER PROBLEMATIC WATER MAIN MATERIALS IN THE 

COMPANY'S WESTERN GROUP? 

Yes. Over 20,000 LF of water mains in service in the Western Group are 

constructed of Concrete Lined Cylinder materials. The majority of these water 

mains are 24-inches or 36-inches in diameter and are among the largest 

Guan X. 1995, Condition and Replacement of Regine's Water Distribution System, M.Sc. Theses, University of Regina, 
Regina, SK, Canada. Mordak and Wheeler 1988. Deterioration ofAsbesfos Cement Water Mains, FinalReport to the 
Department of the Environment, Water Research Center, Wiltshire, UK. 

87 



1 

2 

3 

4 

5 

6 

7 

8 

9 

I O  

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

diameter water mains in service in the Company's Western Group. These water 

mains have shown signs of failure and require replacement. Breaks and failures 

on these water mains, as shown in the photos below, require emergency repair 

and replacement and may result in a disruption of service to thousands of 

customers. 
36-inch CLC water main failure 

WA 1-5332, described in my testimony under Post-Test year plant 

additions, is a recent example of a 36-inch CLC water main failure and 

emergency replacement. The photo below shows the significant amount of water 

loss and disruption caused by this 36-inch CLC water main failure. 
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Roadway flooding caused by 36-inch CLC wafer main failure 

Q. 

4. 

Planned replacement of this aging infrastructure will reduce water loss and 

reduce construction costs because emergency replacement is always far more 

costly than planned replacement. 

HOW IS THE COMPANY PROPOSING TO INCREASE THE RATE OF 

INFRASTRUCTURE REPLACEMENT TO MAINTAIN WATER LOSS BELOW 

I O  PERCENT? 

The Company has prepared a detailed plan to replace approximately 318,300 

linear feet of aging water mains, 4,110 aging service lines, 176 fire hydrants, and 

4,110 meters, in its Western Group of water systems as discussed in the 

Company's Aging Infrastructure Replacement Plan for the Company's Western 

Group of Water Systems, Exhibit FKS-12. This plan includes specific projects 
89 
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4. 

3. 

4. 

3. 

9. 

and detailed design and construction cost estimates which are included in 

Appendix 6.3 of Exhibit FKS-12. 

DID THE COMPANY PREPARE A COST ESTIMATE TO REPLACE THIS 

INFRASTRUCTURE? 

Yes. The Company prepared cost estimates to replace the aging infrastructure 

in its Ajo, Pinal Valley and White Tank service areas. The estimated cost to 

replace this infrastructure for each service area are shown in the following table: 

Details of these cost estimates are included in Appendix 6.5 of Exhibit 

FKS-12. Replacement unit costs are based on recent bids from other Company 

projects within the Western Group. 

HOW DID WE ESTIMATE THESE COSTS? 

Company engineers estimated these costs based on previous projects and 

competitive bids from qualified contractors. 

ARE THERE OTHER METHODS TO CALCULATE COSTS TO REPLACE 

AGING INFRASTRUCTURE? 

Yes. The cost of replacing infrastructure can be calculated by using the Handy 

Whitman Index of Public Utility Construction Costs. The Handy Whitman Index is 

an engineering cost index that tracks the cost of constructing various types of 

public utility plant in different parts of the country. This index compares the cost 

of constructing public utility plant from one time period to another. For example, 

water mains that were installed in 1921 have a cost index of 27, while the index 

for water mains installed in 2015 is 735. 
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IX. 

Q. 

WHAT DOES THIS CHANGE IN ENGINEERING COST INDEX MEAN IN 

TERMS OF DOLLARS TO INSTALL TRANSMISSION AND DISTRIBUTION 

("T&D") MAINS IN 2015 VERSUS INSTALLING T&D MAINS IN 1921? 

The index is used to estimate construction costs by using today's cost index and 

comparing it to the cost index for the time period of the original installation. In the 

example above, the 2015 cost index (735), divided by the 1921 cost index (27), 

shows that the cost of constructing cast iron or ductile iron water mains in 2015 is 

more than 27 times the cost of installing the same pipe under the same 

conditions that existed in 1921. 

DOES THIS ENGINEERING COST INDEX ACCOUNT FOR THE FULL 

REPLACEMENT COST? 

No. This engineering cost index does not account for cost increases caused by 

changes in construction conditions. 

PLEASE EXPLAIN FURTHER WHAT YOU MEAN BY CHANGES IN 

CONSTRUCTION CONDITIONS. 

In many of the Company's water systems with older water mains, the T&D mains 

were installed before streets were paved, curbing and gutters installed, telephone 

lines installed, and other more recent underground utilities installed. Therefore, 

the cost of replacing T&D mains in these areas now would also need to include 

the cost of repairing streets and sidewalks, providing traffic control and working 

around other underground and above-ground installations to protect them against 

damage. Replacement water mains are generally larger in diameter and the 

replacement cost is higher than the original water main. 

Tank Maintenance Proaram 

HOW MANY WATER STORAGE TANKS DOES THE COMPANY HAVE IN ITS 

WESTERN GROUP? 
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Q. 

4. 

The Western Group has 33 steel water storage tanks that were constructed from 

1929 to 2013. A summary of the Company's Western Group water storage 

tanks, by PWSID number, is shown below: 

A comprehensive list of water storage tanks in the Company's Western 

Group, including diameter, height, year constructed, and the pertinent 

maintenance schedule and cost is shown in Exhibit FKS-17. 

WHY DO STORAGE TANKS REQUIRE PERIODIC INSPECTION AND 

CLEANING? 

In accordance with American Water Works Association ("AWWA') Manual M42 

for Steel Water Storage Tanks, standard AWWA practice calls for tanks to be 

inspected by industry professionals on a regular basis to ensure structural and 

sanitary integrity and to extend the useful life of the storage tank. Regular 

storage tank inspection also helps the Company identify problems in the storage 

tank which may develop into major problems if left undetected or repaired. Lack 

of proper maintenance and repairs leads to costly repairs and premature tank 

failure. These inspections should also include routine cleaning as necessary. 

Water storage tanks that are not routinely cleaned can cause water quality issues 

such as poor bacterial quality, turbidity, reduced chlorine residual and taste and 

odor and can lead to customer complaints. In addition to routine inspections and 

cleaning, A W A  standard practice calls for every tank inspection to included a 
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Q. 

A. 
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Q. 

A. 

Q. 

A. 

detailed inspection of the structure and foundation and a report performed by a 

qualified inspector documenting the inspection results. 

PLEASE DESCRIBE THE COMPANY'S TANK MAINTENANCE PROGRAM. 

The Company inspects and cleans water storage tanks on a regular schedule, 

typically every three to five years. The Company recoats interiors every 14 years 

and recoats the exteriors every seven years. Without this program, water 

storage tanks would deteriorate more rapidly, shortening the useful life of each 

tank and increasing costs. 

HOW OFTEN DOES THE COMPANY INSPECT ITS WATER STORAGE 

TANKS? 

In addition to the three to five years inspection schedule, inspections occur more 

often as the coating reaches the end of its useful life, and depends on tank age, 

condition from previous inspection, and amount of material accumulation in the 

storage tank. 

WHO PERFORMS INSPECTIONS OF COMPANY TANKS? 

Company engineers and a NACE-certified inspector perform the tank 

inspections. NACE is the National Association of Corrosion Engineers. NACE is 

the largest corrosion professional institution in the world and is the national 

recognized leader in training, testing, and certifying inspectors in the protective 

coating industry. 

WHAT TASKS ARE PERFORMED DURING A TANK INSPECTION? 

A NACE-certified inspector carefully investigates the tank's interior, exterior, 

foundation, and accessories, such as roof vents and ladders. 

HOW DOES THE COMPANY PERFORM WATER STORAGE TANK 

INSPECTIONS? 

There are generally three options for inspection - dry, commercial divers, and 

remote operated vehicle (IIROV'). Dry inspection is where all water is removed 

from the water storage tank and qualified inspectors enter the tank to conduct the 
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4. 

1. 

4. 

internal inspection in accordance with Company and AWWA standards. This 

method requires draining the tank, includes the expense of re-filling the tank, 

extended down time, lockoutltag-out for confined space, and disinfection of the 

tank. 

Commercial diver inspections require disinfection of the diving equipment, 

lockoutltag-out of the tank, and raise serious safety concerns always present 

when a person enters a tank full of water. 

ROV inspections does not require draining and filling the tank, nor do they 

require the lockouthag-out procedures associated with commercial divers. ROV 

complies with AWWA inspection requirements and standards and is a cost 

effective solution often used by the Company to inspect tank coating and interior 

conditions. Each option for tank inspection is used by the Company to perform 

storage tank inspections where applicable and as appropriate. 

HOW DOES THE COMPANY NORMALLY CLEAN ITS WATER STORAGE 

TANKS? 

If inspection reveals minor cleaning of the water storage tank is required, the 

Company will clean the tank while it is in service and full of water by using large 

vacuum-type equipment. If more extensive cleaning is required, the Company 

drains the water storage tank, then cleans and physically inspects it using 

specialized ventilation equipment and inspection scaffolding inside the tank. 

WHAT IS THE INDUSTRY-STANDARD TANK COATING INTERVAL? 

The Company has adopted a 14-year and 7-year coating interval for interior and 

exterior coating, respectively. The generally accepted interval for tank coating is 

10-15 years depending on tank material and exposure to environmental 

conditions such as water quality, weather, and soil conditions. The Company's 

adopted coating interval is in accordance with industry standards. 

WHY DOES THE COMPANY USE 14-YEAR AND 7-YEAR COATING 

INTERVALS? 
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4. 

Typically, the Company finds that interior coating shows deterioration after 14 

years. It has been the Company's experience that postponing interior recoating 

beyond 14 years will result in premature metal damage, which increases repair 

and replacement costs. Similarly, after 7 years exterior coating show signs of 

chalking and cracking due to exposure to ultraviolet rays from sunlight. 

Recoating is required to protect the exterior metal surface to maintain a suitable 

exterior appearance, and to prevent surface corrosion. The Company's 14-year 

and 7-year schedules work well, keep the tanks protected, and maintain a 

suitable exterior appearance. 

DOES THE COMPANY USE METHODS IN ADDITION TO PRO' 

COATINGS TO REDUCE STORAGE TANK CORROSION? 

ECTIVE 

Yes, the Company uses cathodic protection systems on new storage tanks and 

where Company engineers have observed increases in corrosion and shortened 

coating life. 

WHAT IS A CATHODIC PROTECTION SYSTEM? 

In the water industry, there are two types of cathodic protection systems used on 

steel water storage tanks; sacrificial anode and impressed current. 

Sacrificial anodes are attached to a coated steel storage tank and are 

pieces of metal more electrically active than steel. The most common metal 

anodes are made of zinc, magnesium and aluminum. Because these anodes are 

more active, the corrosive current will exit from them rather than the steel. This 

means the steel is protected from corrosion and the attached anode is 

"sacrificed" or corroded. For effective corrosion protection using anodes, 

depleted anodes 'must be periodically inspected and replaced. This type of 

cathodic protection is used on smaller storage tanks, typically under 500,000 

gallons. 

Impressed current cathodic protection systems use a rectifier to convert 

alternating current (AC current) to direct current (DC current). Basically, 
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household current (AC) is converted to current typically used in a vehicle (DC) 

The DC current is sent through an insulated wire from the DC source to the 

anodes, which are special metal bars buried in the soil near the storage tank 

The current then flows through the soil to the tank cathodic protection systerr 

and returns to the rectifier through an insulated wire attached to the storage tank 

The storage tank is protected because the current going to the storage tank 

overcomes the corrosion-causing current normally flowing away from it. 

A schematic of each type of cathodic protection system is shown below.' 

Typical Cathodic Protection Systems 

Sacrificial Anode CP Method Impressed Current CP Method 

2e- 
1 

Negative Returncab 
[Structure Connectic 

1 

2e-, 

Insulated Anode Cable 

DC Power Source 

Cathodic Protection (CP) Methods 

WHAT IS THE COMPANY'S SCHEDULE FOR INSPECTING CATHODIC 

PROTECTION SYSTEMS ON WATER STORAGE TANKS? 

Cathodic protection systems are inspected annually by Company engineers and 

NACE Certified Cathodic Protection Inspectors and Technicians. Any necessary 
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K. 

P. 

4. 

Q. 

4. 

Q. 

4. 

servicing and repairs are performed during the inspection process. Not all 

storage tanks have or require cathodic protection. 

WHAT ARE THE ESTIMATED COSTS TO PERFORM THIS STORAGE TANK 

MAINTENANCE? 

The estimated normalized annual maintenance expense for the next 14-year 

cycle, beginning with the adjusted recorded 2014 test year, is $231,105, $551 99 

and $18,953, in the Pinal Valley, White Tank and Ajo service areas, respectively. 

Mr. Reiker discusses the adjustment to annual tank maintenance expense in 

Section VI1 of his direct testimony. 

Nitrate Cost Recoverv Mechanism ("NCRM"1 

IS THE COMPANY EXPERIENCING INCREASED LEVELS OF NITRATES IN 

ITS GROUNDWATER SUPPLIES? 

Yes. Nitrate levels are increasing in the Company's Pinal Valley Service Area 

wells and are approaching the maximum drinking-water standard or maximum 

contaminant level ("MCL") in four of the Company's wells in the Pinal Valley 

service area, specifically Well Nos. 7, 27, 32 and 33. 

HAS THE EPA PERFORMED AN ASSESSMENT OF NITRATES AND 

NITRITES ON HUMANS? 

Yes. The EPA completed a Toxicity and Exposure Assessment for Children's 

Health in May 22, 2007. That report shows the detrimental effects of nitrates on 

children, pregnant women and even adults. A copy of the EPA Toxicity and 

Exposure Assessment for Children's Health is included in Exhibit FKS-18. 

HAVE THE EPA AND ADEQ ESTABLISHED AN MCL FOR NITRATES IN 

DRINKING WATER? 

Yes. In 1974, Congress passed the Safe Drinking Water Act and in 1992, the 

EPA established regulations for nitrates in drinking water. EPA has set a nitrate 

MCL of 10 mg/L (10 ppm). ADEQ has adopted this MCL by reference to EPA's 

Safe Drinking Water Act regulations. 
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WHY DID THE EPA ESTABLISH A DRINKING WATER MCL FOR NITRATES? 

The EPA established an MCL for nitrates in drinking water due to the severe 

health effects on humans and the common occurrence of nitrates in groundwater 

used for drinking water. Nitrates in drinking water are an acute violation of the 

Safe Drinking Water Act and require a Tier 1 public notice for any MCL violation 

or exceed an ce. 

WHAT IS AN ACUTE VIOLATION? 

Acute violations are very serious, life threatening occurrences and must be 

reported to the public within 24 hours. Additionally, a water system must use 

media outlets such as television, radio, newspapers, and internet, post notice in 

public places, or personally deliver notice to those who may be affected. Acute 

health effects result from ingestion of a contaminant over a short period of time. 

IS AN ACUTE VIOLATION LIFE THREATENING? 

Yes. An acute violation means that if humans drink the water, they could die. 

MCL exceedances of nitrates in drinking water are that serious. 

WHO IS MOST AT RISK OF DEATH FROM NITRATES IN DRINKING 

WATER? 

Infants below six months who drink water containing nitrate in excess of the 

maximum contaminant level (MCL) may become seriously ill and, if untreated, 

may die. Nitrate levels above the MCL have been proven to cause a fatal blood 

disorder in infants under six months of age called methemoglobinemia, or more 

commonly known as "blue-baby" syndrome. Blue baby syndrome disrupts and 

greatly restricts oxygen-carrying capacity of blood. Other people at risk include 

pregnant women, individuals with reduced gastric acidity, and individuals with a 

hereditary lack of methemoglobin reductase. 

CAN A CUSTOMER BOIL DRINKING WATER TO REMOVE NITRATES? 

No. Boiling water makes the nitrate contamination even more deadly because it 

significantly concentrates the nitrates in the water through evaporation. 
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WHAT ARE THE NITRATE LEVELS IN THE COMPANY'S WELLS YOU 

NOTED? 

The nitrate levels in three wells are approaching and one well has exceeded the 

10 ppm MCL and is blended. Company constructed a tank and booster pump 

station in 2010 to blend Well No. 27 water with low nitrate water from Coolidge 

prior to EPDS. Data in graph represents Well No. 27 results, not EPDS. Well 

nos. 7, 27, 32 and 33 will require nitrate removal equipment in the near future. A 

graph and table showing the nitrate results and trends from these wells is shown 

below. 
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WHAT CAUSES INCREASING NITRATE LEVELS IN GROUNDWATER 

SUPPLIES? 

According to the EPA, the major sources of nitrates in drinking water are runoff 

from fertilizer use for agriculture, leaking from septic tanks, sewage, and erosion 

of natural nitrate deposits. When nitrogen fertilizers are used to enrich soils, rain, 

irrigation, and other surface waters carry the nitrates through the soil into ground 

water. Human and animal wastes can also contribute to nitrate contamination in 

groundwater. 

WHAT CAUSED THE INCREASED NITRATE LEVELS IN THE COMPANY'S 

GROUNDWATER SUPPLIES IN PINAL VALLEY? 

The increased nitrate levels are caused by agriculture and is a widespread 

problem in the Pinal Valley area, a national problem and a legacy that must be 

dealt with. The USGS map below shows a national risk assessment of nitrate 

contamination in groundwater 

National Risk Assessment of Nitrate Contamination in Groundwater 
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The map shows four levels of nitrate contamination risk (low to high) and 

the Pinal Valley area is located in the red which is the highest risk. The report is 

included in Exhibit FKS-19. 

HOW MUCH OF THE COMPANY'S DRINKING WATER COMES FROM 

GROUNDWATER SUPPLIES IN PINAL VALLEY? 

Drinking water supplies the Company provides to its customers in the Pinal 

Valley Service Area come from local groundwater supplies. More specifically, 

the Company pumped 16,332 acre-feet in 2014. 

IS NITRATE GROUNDWATER CONTAMINATION WIDESPREAD IN 

ARIZONA? 

Yes, nitrate is the most common pollutant in Arizona's groundwater and is 

undetectable without testing because it is colorless, odorless and tasteless. 

Nitrate contamination levels in Arizona groundwater are increasing." The map 

of Arizona shown below was published in July 2011 by the Arizona Cooperative 

Extension of the University of Arizona, College of Agriculture and Life Sciences. 

101 



I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

Predicted Nitrate Contamination in Arizona Groundwater 

Nitrate in Ground Water 
Probabllily for Nitrate Exceeding SmglL = 0 0 - 0.1 / 0 5 - 0 6  

0 1 - 0 2  0 6 - 0 7  

1 0 2 - 0 3  1 0 7 - 0 8  

= O s - 0 4  m O 8 - 0 9  

0 4 - 0 5  m O 9 - 1 0  

The map shown above predicts 

E 
4 

0 25 50 100 

ncentrations of nitrate contamination ii 

groundwater. The Arizona Cooperative Extension publication shows over nini 

percent of the state, or 12,200 square miles, has shown an 80 percent chanc 

(probability) of nitrate groundwater contamination. The red color on the map ha 

the highest probability. For reference purposes, I overlaid the Company's Pin: 

Valley Planning Area Boundary. As shown on the map, most of the Company' 
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Pinal Valley Planning Area is in the red area of the map and has the highest 

probability of nitrate contamination. The entire publication is included in Exhibit 

FKS-20. 

HAS NITRATE GROUNDWATER CONTAMINATION IN THE PINAL VALLEY 

AREA BEEN STUDIED AND QUANTIFIED? 

Yes. Studies have been completed by the United States Geological Survey, 

Bureau of Reclamation, Arizona Department of Water Resources, Arizona 

Department of Environmental Quality, University of Arizona and other various 

smaller agencies. According to the 1995-1 998 USGS report, the Central Arizona 

groundwater basin is predicted to equal or exceed the EPA drinking-water 

standard." A copy of the United States Geological Survey report, summary of 

findings which evaluated groundwater conditions and the increasing specific 

nitrate contamination in groundwater between the southern Arizona border and 

Phoenix is included in Exhibit FKS-21. In 2010, Arizona Department of 

Environmental Quality completed a study of surface and groundwater conditions 

in Arizona. The ADEQ report studied the Pinal Active Management Area 

Groundwater Basin for nitrate contamination. The report concluded that despite 

the average well depth in the Pinal AMA being 1,040 feet deep, nitrates were 

detected in 89 groundwater samples and 15 of those samples were over the 

nitrate MCL of 10 ppm. The highest detected was nearly 4 times the national 

drinking-water standard (MCL) at 36.4 ppm. A copy of the cover sheet of the 

report and the Appendix I - Groundwater Assessment is included in Exhibil 

FKS-22. 

CAN THE COMPANY BLEND THESE HIGH NITRATE WELLS WITH WELLS 

HAVING A LOWER NITRATE LEVEL? 

I ' USGS release 9/27/12: http://www.usgs.gov/newsroom/article.asp?lD=34l l#.VdlJIK3blkl 
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Blending water from other Company wells is not possible because there are no 

lower nitrate level wells nearby. Where blending is possible and has been 

implemented, the Company runs the risk of losing a source of supply if the well 

having a low nitrate level needs to be shut down or the nitrate level increases to 

levels where blending is no longer possible. Due to increasing nitrate levels in 

these four wells as shown on the graph and table above, the Company must 

construct four new nitrate removal facilities. 

CAN THE COMPANY DRILL NEW WELLS IN ANOTHER NEARBY AREA? 

No. As shown in the maps above, the nitrate contamination of groundwater in 

the Pinal Valley area is widespread and we can't simply move to an 

uncontaminated area. In addition, there is tremendous risk to drill a well as a 

new well could have higher levels of nitrate contamination or could require other 

forms of treatment, possibly more costly, to comply with Safe Drinking Water 

Standards. 

HOW ARE NITRATES REMOVED FROM DRINKING WATER SUPPLIES? 

EPA has determined that the best available treatment technologies are ion 

exchange, reverse osmosis, and electrodialysis all of which are approved as 

effective at removing nitrates from drinking water. 

CAN YOU PROVIDE A BRIEF SUMMARY OF THE EPA LISTED BEST 

AVAILABLE TECHNOLOGIES FOR REMOVING NITRATES IN 

GROUNDWATER FOR DRINKING WATER SUPPLIES? 

Yes. Ion Exchange is the most commonly used nitrate removal method for 

drinking water. Ion exchange for nitrate removal is similar to a home water 

softener, except nitrate ions are removed rather than hardness ions by the use of 

resins specifically designed for nitrate removal. Nitrate is removed by flowing 

water through a bed of anion exchange resin and displacing chloride ions from 

the resin. Once the resin is saturated with nitrates, nitrate is then removed from 

the resin through a regeneration process using a highly concentrated salt 
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solution that displaces the nitrate from the resin by chloride. The concentrated 

waste brine solution is high in nitrate and requires disposal at a permitted landfill 

or in evaporation ponds. 

In a reverse osmosis nitrate removal process, nitrate is removed from 

drinking water by forcing water through a semi-permeable membrane under high 

pressure, typically hundreds of pounds per square inch. The water passes 

through the membrane while the nitrate and other contaminants are too large to 

pass through the membrane. Pretreatment of the influent is required to prevent 

membrane fouling and scaling. Reverse osmosis requires large pumping 

equipment. To clean the membranes, the flow is reversed using treated drinking 

water. Water which bypasses the membrane (waste) is a highly concentrated 

brine solution and requires disposal at a permitted landfill or in evaporation 

ponds. 

Electrodialysis for nitrate removal in drinking water supplies works by 

passing an electric current through a series of anion and cation exchange 

membranes that trap nitrate and other ions in a concentrated waste stream. 

Pretreatment of the influent is required to prevent membrane fouling and scaling 

and chemicals are required to enhance the cleaning process. The polarity of the 

system can be reversed with electrodialysis reversal to reduce membrane 

fouling. Reversing the polarity reverses the flow direction and moves ions in the 

opposite direction through the membranes which minimizes build up. Water 

which bypasses the membrane (waste) is a highly concentrated brine solution 

and requires disposal at a permitted landfill or in evaporation ponds. 

Nitrate removal processes are costly to construct, operate and maintain. 

HAVE COMPANY ENGINEERS ESTIMATED THE COST TO CONSTRUCT 

EACH OF THESE TYPES OF NITRATE REMOVAL TECHNOLOGIES? 

Yes. Company engineers performed a detail cost estimate for each EPA 

recommended nitrate removal option including construction, operational and 
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maintenance costs at the Company's Well No. 33. The table below summarizes 

the construction cost of each EPA best available technology at Well No. 33. 

1 Reverse Osmosis 1 $9,902,000 1 
1 Electrodialysis I $1 1,197,000 I 

The Company's analysis shows that the least cost option for removing 

nitrates from groundwater to comply with the Safe Drinking Water Act using the 

best available technology defined by the EPA is Ion Exchange. A detailed cost 

estimate for each of the nitrate removal technologies listed above are shown in 

Exhibit FKS-23. 

DOES THE COMPANY HAVE EXPERIENCE CONSTRUCTING, OPERATING, 

AND MAINTAINING A NITRATE REMOVAL FACILITY? 

Yes. The Company currently owns, operates, and maintains two nitrate removal 

facilities and one combination arsenic and nitrate removal facility. One nitrate 

removal facility is located in the Company's White Tank water system and the 

other is located in Pinal Valley. The Company's combination arsenic and nitrate 

removal system is also located in Pinal Valley in the Company's Stanfield water 

system. 

WHAT IS REQUIRED TO CONSTRUCT A NITRATE REMOVAL FACILITY AT 

THE COMPANY'S WELL NO. 33? 

Company's Well No. 33 has a production capacity of 2.2 MGD. To construct a 

nitrate removal facility of this size, additional land is required because the 

existing well site is too small. In addition to the nitrate removal vessels, salt, 

brine and brine waste tanks are required. A storage tank and booster pump 

station is required so that the resin used in the treatment process is not subjected 

to water system operating pressures which can damage or destroy the expensive 
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specialized resin. The Company's other nitrate removal facilities required similar 

equipment. Company engineers estimate the cost to construct a nitrate removal 

facility at Well No. 33 in Pinal Valley is $6,529,000. 

As I described earlier in this section of my testimony, the company will 

likely need to construct four of these nitrate removal facilities at a total estimated 

construction cost of $1 8,900,000 to continue supplying a safe drinking water 

supply in the Pinal Valley service area. Project descriptions, preliminary site 

plans and construction cost estimates for each of the four nitrate removal 

facilities are shown in Exhibit FKS-24. 

WHAT IS THE COMPANY'S ESTIMATED COST TO OPERATE AND 

MAINTAIN A NITRATE REMOVAL FACILITY? 

Company engineers estimate the cost to operate and maintain a nitrate removal 

facility, using Ion Exchange technology is $1,400 per acre foot. The Company 

bases this estimate on actual operation and maintenance costs of the Company's 

two existing ion exchange nitrate removal facilities. For the Company's Well No. 

33, this would be $1,750,000 annually. A detailed summary of the operational 

and maintenance costs are shown in Exhibit FKS-25. 

HOW DOES THE COST TO OPERATE AND MAINTAIN A NITRATE 

REMOVAL FACILITY COMPARE TO THE COST TO OPERATE AND 

MAINTAIN A SIMILAR SIZED ARSENIC REMOVAL FACILITY? 

In comparison, the Company's arsenic removal facility located at Well No. 29 in 

the Pinal Valley service area, which has a similar production capacity of 2.2 

MGD, costs approximately $45,000 annually to operate and maintain. It costs 20 

times more to operate and maintain a nitrate removal facility than it does to 

operate and maintain an arsenic removal facility. 

WHY IS THE TREATMENT COST FOR REMOVING NITRATE MORE 

EXPENSIVE THEN ARSENIC? 
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The primary reason is the amount of contaminant which must be removed from 

the drinking water. As a comparison, arsenic is measured in parts per billion or 

ppb and nitrates are measured in parts per million or ppm. One ppm is equal to 

1,000 ppb. For a well with 13 ppm nitrates, that would be  equal to 13,000 ppb of 

nitrates. 

YOU ARE REMOVING 1,000 TIMES MORE CONTAMINATION FOR NITRATE 

REMOVAL THAN ARSENIC REMOVAL,? 

Yes, that is correct. 

WHY IS A NITRATE COST RECOVERY MECHANISM (NCRM) NECESSARY? 

Nitrate removal facilities require high capital investment and significant operating 

expense. Constructing, operating and maintaining four nitrate removal facilities 

without the ability to recover the associated costs until the Company files a new 

rate case will divert capital needed by the Company’s to fund other critical and 

necessary utility plant infrastructure to provide safe and reliable water supplies. 

HAS THE COMPANY REQUESTED A COST RECOVERY MECHANISM 

REQUIRED FOR NITRATE REMOVAL? 

Yes, for the reasons outlined above, the Company requests an NCRM for the 

Pinal Valley and White Tank service areas. 

DOES THIS CONCLUDE YOUR DIRECT TESTIMONY IN THIS MATTER? 

Yes. 

108 



F KS- 1 

e 

e 



WA 1-4806 



Western Group Rate Case 

Exhibit FKS- 1 

4806 Coolidge Well No. 13 ARF 



ARIZONA WATER COMPANY 
WORK AUTHORIZATION 
>YSTEM PINAL VALLEY 
)IVISION CASA GRANDE 
CESPONSIBLE PERSON JAMES WILSON 
AX CODE 

W A  NUMBER 
P E  NUMBER 
BUDGET ITEM NO 

RETENTION REQUIRED 0 YES NO 
WORK TO START BY UPON AUTHORIZATION 
WORK TO BE FINISHED BY WITHIN 300 DAYS 

1-4806 

B- 

AUTHORIZATION 
'REPARED BY 

James Wilson 
CEVIEWED FOR ESMTIROW VERIFICATION 

Charles Briggs 
ZEVIEWED BY 

Andy Haas 
\PPROVED BY ENGINEERING 

DATE 

ACTORS JUSTIFYING WORK 

>HARGEABLE TO THIS W A 

UNDS RECEIVED: 

Coolidge Well No. 13 was taken out of service in 201 1. Company operators routinely took water quality samples for 
Arsenic from 2009 through 201 1. During this time EPAs Arsenic MCL of 0.01 0 mg/L was exceeded in the majority of 
the samples. The collected data shows Arsenic concentrations ranged from between 0.0079 to 0.023 mglL, with an 
average of 0.0146 mg/L. The well is needed to meet increasing demands within the Heartland development and 
Coolidge area. Company engineers have determined that design of an Arsenic Removal Facility (ARF) employing 
either adsortive media or coagulation/filtration removal technologies is required for the well in order to facilitate 
expedited construction and implementation of the ARF. 

$ 144,900 

COST ESTIMATE 
:OST OF WORK: 

AATERIAL I 0 

....................................................................................... 

....................................................................................... 

.ABOR 

:ONTRACT PORTION 

IVERHEAD 
-0TAL AUTHORIZED EXPENDITURES 
....................................................................................... 

:ONTRIBUTIONS RECEIVED I 0 
{EFUNDABLE ADVANCES RECEIVED 

-0TAL CONTRIBUTIONS/ADVANCES 

JET COMPANY CASH REQUIRED 
;OMMENTS: 

....................................................................................... 

....................................................................................... 

RELEASE TO DESIGN ONLY 

AFH 

WA 1-4806 Coolidge Well 13 ARF RELEASE TO DESIGN I611512015 

Fredrick Schneider 
(PPROVED BY FINANCE: 

Joseph Harris 
rUTHORlZED BY PRESIDENT 

William Garfield 
:ONSTRUCTION RELEASE 

2015 BUDGET 
03/26/081 MLM afh I WAXLS 



ARIZONA WATER COMPANY 

P R O P E R T Y  

U N I T S  

W A  NUMBER 
P E  NUMBER 

I 

1 
I 

1-4806 

- 

DESCRIPTION 

Cost incurred to Date 
Engineering Design 

BUDGET ITEM NO B-I 
SHEET NO 2 o f 2  WORKAUTHORIZATION - DETAIL SHEET 

U N I ~ N  I "UAN"'Y I YEAR I- 

R E T I R E M E N T  I f 

PLANT PROPACCT QUANTITY UNIT COST 

332 1 $ 50,000.00 
332 1 $ 75,000.00 

N 

m " J c L .  Y C a L m I r ,  /"IN 

Design and permit a 800 gpm Arsenic Removal Facility (ARF) at Coolidge Well No. 13 in the Pinal Valley water system. 

R 
K 

SERVICE CONNECTIONS COMPLETE DOUBLE-LONG 

SERVICE CONNECTIONS COMPLETE DOUBLE-SHORT 

SERVICE CONNECTIONS COMPLETE SINGLE-LONG 

SERVICE CONNECTIONS COMPLETE SINGLE-SHORT 

345 
345 
345 
345 

A 
C 
T 

I I W 1-1 
~ ~ 

E 
R SERVICE CONNECTIONS DOUBLE-LONG 345 

345 I 
A 

SERVICE CONNECTIONS SINGLE-LONG 345 
S SERVICE CONNECTIONS SINGLE-SHORT 345 

SERVICE CONNECTIONS DOUBLE-SHORT 

I 346 METERS 

TOTAL MATERIALS 

Engineering and Project Management 332 

B PERMITFEE 

SURVEYFEE 

FIELD INSPECTION 

INSTALL SERVICE CONNECTIONS DOUBLE-LONG 345 
INSTALL SERVICE CONNECTIONS DOUBLE-SHORT 345 
INSTALL SERVICE CONNECTIONS SINGLE-LONG 345 
INSTALL SERVICE CONNECTIONS SINGLE-SHORT 345 

TOTAL LABOR 4,400 
SUBTOTAL - CONTRACT WORK, MATERIALS, AND LABOR 

OVERHEAD 

TOTAL REFUNDABLE PORTION 0 NON-REFUNDABLE PORTION 0 144,900 

WA 1-4806 Coolidge Well 13 ARF RELEASE TO DESIGN 1 6/15/2015 03/26/08 I FRafh I WADSXLS 





ARIZONA WATER COMPANY 

COOLIDGE WELL NO. 13 
ARSENIC REMOVAL FACILITY 

Alternatives Evaluation Technical Memorandum 

DRAFT 
November 201 1 

4 6 0 0  E A S T  W A S H I N G T O N  S T R E E T  S U I T E  500 ' P H O E N I X ,  A R I Z O N A  8 5 0 3 4  * ( 6 0 2 )  2 6 3 - 9 5 0 0  * F A X  ( 6 0 2 )  2 6 5 - 1 4 2 2  



ARIZONA WATER COMPANY 

COOLIDGE WELL NO . 13 ARSENIC REMOVAL FACILITY 

ALTERNATIVES EVALUATION TECHNICAL MEMORANDUM 

TABLE OF CONTENTS 

1 . 0 
2.0 BASIS OF EVALUATION ..................................................................... 

INTRO DUCT ION/BACKGROUND ........................................................................... 1 -I 

2.1 Design Criteria and Assumptions .................................................................. 2-3 
2.2 Site Constraints .................. ...................................................................... 2-7 

3.1 Alternative 1 Coagulation/Fi ltration (1 C/F) .................................................... 3-9 
3.2 Alternative 1 Ion Exchange (1 IX) .................................................................. 3-9 
3.3 Alternative 1 Sorptive Media (ISM) ............................................................... 3-9 

3.3.1 Lead-Lag Operation ........................................................................ 3-9 
3.3.2 Parallel Operation ........................................................................... 3-9 

3.4 Conclusions for Alternative 1 ......... .......................................................... 3-10 
4.0 ALTERNATIVE 2 - FULL TREATMENT .. .......................................................... 4-19 

4.1 Alternative 2 Coagulation/Fi ltration (2 C/F) .................................................. 4-19 
4.2 
4.3 

3.0 ALTERNATIVE 1 - PARTIAL TRE M ENT ........................................................... 3-9 

Alternative 2 Ion Exchange (2 IX) ................................................................ 4-19 
Alternative 2 Sorptive Media (2 SM) ............................................................ 4-19 
4.3.1 Lead-Lag Operation ...................................................................... 4-19 
4.3.2 Parallel Operation ......................................................................... 4-19 

4.4 Conclusions for Alternative 2 ....................................................................... 4-20 

5.1 Comparison of Costs ................................................................................... 5-26 
QUALITATIVE EVALUATION OF ARSENIC TREATMENT ALTERNATIVES ...... 6-36 
6.1 Current State of Filter Medias ...................................................................... 6-38 
6.2 Current State of Sorptive Medias ................................................................ 6-39 
6.3 Ranking of C/F and SM Medias ................................................. ........ 6-41 

7.1 Site Layout Conclusions .............................................................................. 7-44 
7.2 Cost Conclusions ......................................................................................... 745 
7.3 Recommendation ...................................................................... ....... 7-45 

5.0 COST ANALYSIS .................................................................................................. 5-25 

6.0 

7.0 EVALUATION SUMMARY ..................................................................................... 7-44 

APPENDICES 

APPENDIX A 
APPENDIX B CONSTRUCTION COST DETAILS 
APPENDIX C O&M COST DETAILS 

WATER QUALITY (WELL NO . 11 AND NO . 13) 

November 11. 2011 . DRAFT i 



LIST OF TABLES 

Table 1 
Table 2 
Table 3 
Table 4 
Table 5 

Table 6 

Table 7 

Table 8 

Table 9 

Table I O  

Table 11 
Table 12 
Table 13 
Table 14 

Figure 1 
Figure 2 
Figure 3 
Figure 4 
Figure 5 
Figure 6 
Figure 7 
Figure 8 
Figure 9 
Figure 10 
Figure 11 
Figure 12 
Figure 13 
Figure 14 
Figure 15 
Figure 16 

Arsenic Treatment Technology and M itigation Strategy Alternatives ........... 1-2 
Design Criteria and Assumptions Used for Sizing Treatment Footprints ..... 2-4 

Summary of Bypass Flows and Treatment Equi prnent Footprints ................ 2-5 
Summary of Ancillary Equipment Sizes and Footprints ................................ 2-6 
Capital and O&M Cost Details for Alternative No . 1 (Partial Treatment) 
for Well No . 13 ............................................................................................ 5-27 
Capital and O&M Cost Details for Alternative No . 2 (Full Treatment) 
for Well No . 13 ............................................................................................ 5-28 
Capital and Life-Cycle Cost Summary for Alternative No . 1 and No . 2 
for Well No . 13 ............................................................................................ 5-29 
Capital and O&M Cost Details for Alternative No . 1 (Partial Treatment) 
for Well No . 11 ............................................................................................ 5-33 
Capital and O&M Cost Details for Alternative No . 2 (Full Treatment) 
for Well No . 11 ............................................................................................ 5-34 
Capital and Life-Cycle Cost Summary for Alternative No . 1 and No . 2 
for Well No . 11 ............................................................................................ 5-35 
Comparison of Arsenic Treatment Alternatives ........................................... 6-37 
Current Status of Medias Used for Coagulation/Fi ltration (’) ....................... 6-39 
Current Status of Arsenic Sorptive Medias ................................................. 6-40 
Qualitative Ranking of CIF and SM Medias ................................................ 6-43 

LIST OF FIGURES 

Well No . 13 Site Constraints ......................................................................... 2-8 
C/F Process Flow Schematic ...................................................................... 3-11 
Alternative 1 C/F Site Layout ...................................................................... 3-12 
IX Process Flow Schematic ........................................................................ 3-13 
Alternative 1 IX Site Layout ......................................................................... 3-14 
SM Lead-Lag Process Flow Schematic ...................................................... 3-15 
Alternative 1 SM Lead-Lag Site Layout ...................................................... 3-16 
SM Parallel Process Flow Schematic ......................................................... 3-17 
Alternative 1 SM Parallel Site Layout .......................................................... 3-18 
Alternative 2 C/F Site Layout ...................................................................... 4-21 
Alternative 2 IX Site Layout ......................................................................... 4-22 
Alternative 2 SM Lead-Lag Site Layout ...................................................... 4-23 
Alternative 2 SM Parallel Site Layout .......................................................... 4-24 
Life-Cycle Costs for Alternative No . I (Partial Treatment) .......................... 5-30 
Life-Cycle Costs for Alternative No . 2 (Full Treatment) ............................... 5-31 
Life-Cycle Costs for C/F and SM at Various Well Utilization Rates ............ 5-32 

November 11. 201 1 . DRAFT ii 



Technical Memorandum 

ALTERNATIVES EVALUATION 
I 

1 .O I NTRODUCTlONlBAC KG ROU N D 

Arizona Water Company (AWC) owns a production well site located within a residential 
area on Vah Ki Inn Road in Coolidge, Arizona. The well historically has a production 
capacity of 1,250 gallons per minute (gpm), which is pumped directly into the distribution 
system. The current arsenic concentration in Well No. 13 approximately 0.013 mg/L, but is 
anticipated to increase to an ultimate concentration of approximately 0.01 8 mg/L based on 
observed water quality trends of surrounding wells. The range of duty cycle for the well is 
initially anticipated to be from 25 to 50 percent, and increase to a range of duty cycle from 
75 to 100 percent as the water system demands increase. Future demands will also be met 
with additional flow of 1,250 gpm from a second nearby we1 I currently drilled, but not yet 
equipped. 

AWC has contracted with Carollo Engineers (Carollo) to conduct an evaluation of various 
arsenic treatment technologies or mitigation strategies for Well No. 13. The objective of this 
study is to determine the most cost effective strategy for implementation that meets AWC’s 
and regulatory requirements. 

Two treatment alternatives will be evaluated during this study: 

Partial stream arsenic treatment at Well No. 13. 

Full stream arsenic treatment at Well No. 13. 

Three arsenic treatment technology options will be considered for this study: 

Coagulation/filtration (C/F) including horizontal and vertical pressure vessel 
arrangements. 

Ion exchange (IX). 

Sorptive media (SM), including parallel flow vs. lead-lag flow treatment vessel 
arrangements. 

These technologies were selected for evaluation in this study, as they are the primary 
groundwater arsenic removal technologies currently in use. Other arsenic treatment 
technologies are also available; however, they are generally some variation of the primary 
categories. Additionally, due to potential contamination and liabil ity issues, AWC will not 
use arsenic treatment systems that require off-site media regeneration. 
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Coagulation/filtration treatment involves a pressurized granular media filtration process 
following iron addition. Ion exchange treatment includes arsenic adsorption onto res in-type 
media, which requires regeneration using concentrated sodium chloride solution (i.e., 
brine). This is a very complex process that involves pumps, storage of waste brine, and 
periodic discharge of the brine to onsite or offsite facilities. Adsorption is a simpler process 
and includes treatment using a special disposable or regenerable media, which possess 
effective arsenic removal capabilities. 

Table 1 provides a summary of the various treatment technology and mitigation strategies 
evaluated as part of this study. 

Alternatives Evaluation 

1 Alt. 1 1 Partial treatment 1 Alt. 1 C/F I AH. 1 IX I Alt. 1 SM 1 
1 Alt. 2 1 Full treatment 1 AH. 2 C/F 1 AH. 2 IX I Alt. 2SM / 

After the initial workshop, AWC requested that Well No. 11 be considered for treatment at 
the Coolidge Well No. 13 site. Costs were developed based on a single sam ple collected 
during well development of Well No. 11. The pH and arsenic are higher in Well No. 11 
compared to Well No. 13 so pH adjustment will likely be needed. Costs are presented at the 
end of Section 5. 

2.0 BASIS OF EVALUATION 

This evaluation wil I review the advantages and disadvantages of the various treatment 
technologies evaluated, as well as site constraints and issues. The evaluation will also 
include a cost analysis for each alternative. In order to properly select the best arsenic 
mitigation alternative, the evaluation process for this study will include the following 
components: 

0 Site space restrictions and new equipm ent spacing and layouts. 

0 Limitations on building heights. 

Potential of blending groundwater for partial stream treatment to reduce treatment 
equipment footprints and costs. 

0 Disposal costs for residual streams from the treatment processes for each of the 
treatment alternatives evaluated. 
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Evaluation of extra pipeline costs for centralized treatment system, versus dedicated 
treatment systems for each site. 

Well production, AWC system production requirements, and well water quality 
parameters and their impacts on the different treatment technologies. 

Capital construction costs for each alternative. 

O&M costs for each alternative. 

20-year life cycle costs for each analysis. 

Relative pros and cons of each alternative including: 
- 

- 
Treatment technology effectiveness and reliability. 

Each of operations, and the ability of the treatment systems to be shut down for 
weeks or months and then be res tatted. 
Disposal of residuals, regulatory permitting, and potential issues and costs 
associated with generation and disposal of Resource Conservation and 
Recovery Act (RCRA) wastes. 

- 

- Constructability. 

- Footprint. 

- Impact on neighbors. 
- Issues associated with the relative remoteness of Coolidge Well #I3 site as it 

relates to chemical shipments and chemical storage. 

2.1 Design Criteria and Assumptions 

Table 2 summarizes the design criteria and assumptions used to calculate the approximate 
sizes and footprints of new equipment. Table 3 summarizes the bypass flow calculations, 
and main treatment equipment footprints. Table 4 summarizes the ancillary equipment 
footprints (e.g., dewatering system, brine supply, ferric system). 
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l e  2 Design Cri ter ia and Assumpt ions  Used for Sizing Treatment Footpr in ts  
Arsenic Removal  Faci l i ty  Al ternat ives Evaluat ion 

t Arizona Water Company 
Item 

Well Utilization Rates 

Raw Water Arsenic 

f Treatment per Process 

Media Be0 Depth 

Between trains of vessels 
Edge of Equipment to Edge of Pad 
Dished head height 
Property line to equipment 
Property line to equipment 

Backwash duration 

Backwash Storage Tank 
No, of backwash volumes 

ft 
ft 
ft 
ft 
ft 
ft 

gpm/ft' 

gpm 

mln 

no 

ft 

Ferric chlonde dose 
Containment volume 

Brine Reuse 

uld not exceed total pumping capacity of well(s) 

pment and Brine Tanks) 

Approximately 30 days of storage at average dose and maximum well flow 
Minimum 250 gallon considering minimum delivery size provided by suppliers 
Size based on standard sizes for double lined tanks from Polyprocessiny (HDPE) 





, 

i l i l  

i 1 1 I  



2.2 Site Constraints 

This evaluation includes conceptual site layouts for each alternative in order to visualize the 
footprints of treatment and ancillary equipment on the site, which must take into account the 
significant area constraints at the Well No. 13 site. Site constraints associated with the Well 
No. 13 site are depicted in Figure 1 and described as follows: 

Well No. 13 in northwest corner of the site. 

Existing chlorination building and electrical control panel are located in the northwest 
corner of the site. 

Allow areas for rig to access Well 13, and for column pipe to be laid. 

Future retention basin on east side of the site, can be relocated to the southwest 
corner of the site. 

Future 1.7-MG storage tank is planned in the center of the site. 

Future booster pump station and hydropneumatic tank in northeast corner of the site. 

Future primary access to site wi I I  be via the southeast corner of the site, therefore the 
area must remain unobstructed. 

The site layouts presented as part of the evaluation for each alternative includes the 
footprints of AWC’s future planned equipment. These planned corn ponents are shown in 
light blue in the figures for the alternative site layouts. The grey components represent the 
footprints of the arsenic treatment equipment required for the first phase of construction to 
treat a flow of 1,250 gpm from Well No. 13. The light green components represent the 
footprints of the additional arsenic treatment equipment required for buildout flow of 2,500 
gpm from both Well Nos. 11 and 13. 

All sites layouts presented herein use an raw water arsenic concentration of 0.023 mg/L. 
This is a conservative approach used to take into account any increases in groundwater 
arsenic concentration coming from Well No. 13 or if nearby Well No. 11 is ever brought to 
the site for treatment. Well No. 11 has higher arsenic levels compared to Well No. 13. 

November 11,201 1 - DRAFT 2-7 



TA 

O f i w f t .  60ft. 

LEGEND 

AWC future planned equipment 

Proposed arsenic treatment equipment 

Future arsenic treatment equipment 

0 
Figure 1 -Well No. 13 Site Constraints 

COOLIDGE WELL NO. 13 
ARSENIC REMOVAL FACILITY ALTERNATIVES EVALUATION 

ARIZONA WATER COMPANY 



3.0 ALTERNATIVE 1 - PARTIAL TREATMENT 

Alternative 1 involves a partial treatment stream (coagulationlfiltration, ion exchange, or 
sorptive media) allowing for blending in order to meet finished water arsenic goals. 

3.1 Alternative 1 Coagulation/Filtration (1 CIF) 

A process flow schematic for coagulationlfiltration treatment is presented in Figure 2. The 
bypass line shown is applicable for Alternative 1 where partial treatment will occur. 

Figure 3 provides a conceptual site plan for the treatment and ancillary equipment required 
for coagulationlfiltration at the Well No. 13 site. This site plan assumes horizontal pressure 
vessels. An equipment space is also shown for “Solids Handling.” This space is based on 
a SludgeMate type bin that further thickens the used backwash water residuals in order to 
reduce the disposal volumes. 

3.2 Alternative I Ion Exchange (I IX) 

Figure 4 is a process flow schematic for ion exchange, in which the bypass line shown will 
be applicable for Alternative 1. Figure 5 provides a conceptual site plan for the treatment 
and ancillary equipment required for ion exchange at the Well No. 13 site. 

3.3 Alternative I Sorptive Media (ISM) 

Arsenic treatment via sorptive media can be accomplished in two configurations: lead-lag 
and parallel. This evaluation explored both configurations. 

A conservative layout was considered by assuming that a second backwash waste tank is 
required when the treatment capacity is expanded in  the future. It is possible that due to 
such infrequent backwashing of the SM process (e.g., once a month) that only one tank 
would be needed. There would be adequate time between bac kwashing vessels to recycle 
the decanted backwash water. 

3.3.1 Lead-Laa Operation 

Figure 6 provides a process flow schematic for arsenic treatment using sorptive media in 
the lead-lag configuration. For partial treatment of Well No. 13, the bypass line would be 
uti1 ized. 

Figure 7 provides a conceptual site plan for treatment and anci llary equipment needed for 
sorptive media the Well No. 13 site in a lead-lag configuration. 

3.3.2 Parallel ODeration 

Figure 8 presents the process flow schematic for arsenic treatment using sorptive media in 
the parallel configuration. 
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Figure 9 shows the conceptual site plan for the treatment and ancillary equipment needed 
for sorptive media at the Well No. 13 site, but in a parallel configuration 

3.4 Conclusions for Alternative I 

This alternative considers partial treatment of the we1 I. A portion of raw well water is 
bypassed and then blended with the treatment effluent. The final blend before going into 
the distribution system is less than 0.010 mg/L. In order of increasing footprint, treatment 
technologies ranked as follows: SM (parallel), SM (lead-lag), C/F and IX. All treatment 
technologies were able to fit on the site considering that most of the area is undeveloped. 
Treatment equipment for all technologies was located on the east side of the site. This 
provides maintenance access between the treatment equipment and future storage tank. 
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4.0 ALTERNATIVE 2 - FULL TREATMENT 

Alternative 2 assumes full treatment (coagulationlfiltration, ion exchange or sorptive media) 
of flow from Well No. 13. In contrast to Alternative 1, this alternative does not allow for 
blending of treated and raw water in order to meet finished water arsenic goals. 

4.1 

A process flow schematic for coagulation/filtration treatment was provided in Figure 2. In 
contrast to Alternative 1, the bypass line shown would not be applicable for Alternative 2 as 
full treatment would occur. 

Alternative 2 Coagulation/Filtration (2 C/F) 

Figure 10 provides a conceptual site plan for treatment and ancillary equipment required for 
coagulation/filtration. This site plan assumes horizontal pressure vessels. 

4.2 

Figure 4 provided a general process flow schematic for ion exchange; however, for 
Alternative 2, the bypass line would not be utilized. Figure 11 provides a conceptual site 
plan for treatment and ancillary equipment required for ion exchange. 

Alternative 2 Ion Exchange (2 IX) 

4.3 Alternative 2 Sorptive Media (2 SM) 

Both lead-lag and para1 le1 configurations were explored for this alternative. 

A conservative layout was considered by assuming that a second backwash waste tank is 
required when the treatment capacity is expanded in the future. It is possible that due to 
such infrequent backwashing of the SM process (e.g., once a month) that only one tank 
would be needed. There would be adequate time between backwashing vessels to recycle 
the decanted backwash water. 

4.3.1 Lead-Laa Operation 

Figure 6 provided a general process flow schematic for arsenic treatment using sorptive 
media in the lead-lag configuration. For full treatment of Well No. 13, the bypass line shown 
would not be applicable for Alternative 2. 

Figure 12 provides a conceptual site plan for treatment and ancillary equipment needed for 
sorptive media in a lead-lag configuration. 

4.3.2 Parallel Operation 

Figure 8 presented the general process flow schematic for arsenic treatment using sorptive 
media in the parallel configuration. Alternative 2 is represented without the bypass I ine. 

Figure 13 also shows the conceptual site plan for the treatment and ancillary equipment 
needed for sorptive media, but in a parallel configuration 
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4.4 Conclusions for Alternative 2 

This alternative considers full flow treatment of the well. Thus, the footprints associated with 
each of the treatment technologies for Alternative 2 will be larger compared to footprints 
developed for Alternative 1. In order of increasing footprint, treatment technologies ranked 
as follows: SM (parallel), SM (lead-lag), C/F and IX. All treatment technologies were able to 
fit on the site considering that most of the area is undeveloped. Treatment equipment for all 
technologies was located on the east side of the site. This provides maintenance access 
between the treatment equipment and future storage tank. 
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5.0 COST ANALYSIS 

This section presents construction costs, operating and maintenance (O&M) costs, and life- 
cycle costs for each alternative. Construction costs were developed using a combination of 
sources including Carol lo cost databases, RS Means, and supplier quotations. 

Table 5 and 6 present the cost breakdowns for Alternative 1 (partial treatment) and 
Alternative 2 (full treatment) respectively. Table 7 presents a summary of life-cycle costs for 
all alternatives. Appendices B and C provides the unit costs used to develop construction 
and O&M costs respectively. Figure 14 and Figure 15 present life-cycle cost curves for 
Alternative 1 and Alternative 2 to determine the break-even point (or crossover point) 
between different treatment technologies. Figure 16 presents the break-even point 
between C/F and SM at different well utilization rates. 

Key assumptions used for developing cost estimates include the following: 

Construction Costs 

“Custom layout” (i.e., not pre-engineered, vendor packages) 

6 Arsenic influent concentration of 0.018 mg/L used for sizing treatment equipment. 

Percentage markups of direct cost: 
- E&IC: 20% (CIF and IX) and 10% (SM). A higher percentage is assumed for 

those treatment technologies with more ancillary processes that must be 
connected and coordinated for monitoring and control. 

- Civil Site Work: 10% 

- Contingency: 20% 

General Conditions Includes: bonds, superintendent & foreman salary, on-site 
trailer/facilities & profit: 10%. 

Sales Tax: 4% (of half of all direct costs). 

The costs are in today’s dollars (November 201 1) and are not escalated for future 
construction or operation. 

O&M Costs 

20-year life-cycle with 4-percent interest rate. 

To normalize the cost comparison, all treatment technologies were sized based on a 
“custom” design. All of the treatment technologies are offered in vendor-designed, package 

AWC staff operating the systems (Le., no leasing agreement with system supplier). 
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plants of a variety of sizes. Vendors may adjust and fine tune treatment footprints as 
appropriate for their given system. 

5.1 Comparison of Costs 

Key findings from the cost comparison among the different alternatives and treatment 
technologies are as follows: 

As would be expected, partial treatment (Alternative 1) has lower construction 
(capital), life cycle, and O&M costs. Subsequent findings below are bas ed on results 
from Alternative 1 only. 

In order of lowest to highest construction costs: SM (parallel), SM (lead-lag), C/F 
(horizontal vessel), C/F (vertical vessel) and IX. 

Lowest construction cost is SM (parallel) at $1.3 million. 

Lowest life-cycle cost alternative at 50% well utilization rate is SM (lead-lag) at $3.3 
million. 

At a 50% well utilization rate, SM (lead-lag) has a lower life-cycle cost after year 7 
compared to SM (parallel) and C/F. 

For well utilization rates greater than 70%, CF has a slightly lower life-cycle cost (only 
3% at year 20). 
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6.0 QUALITATIVE EVALUATION OF ARSENIC TREATMENT 
ALTERNATIVES 

In addition to site footprint and cost evaluations, each of the alternatives was evaluated 
based on qualitative criteria including impact on neighbors (noise, truck traffic), ease of 
operation, and residuals disposal. The comparison evaluation is summarized in Table 11, 
Since partial treatment with blending is viable and costs much less than the full treatment 
alternatives, the qualitative evaluation foc used primarily on Alternatives 1 and 2. 

Table 11 presents the various evaluation corn ponents and criteria, and rates each 
alternative according to a relative scale. The color ranking designations are as follows: 
green is easiest or best, red is challenging or worst, and yellow is some challenges or 
average. Therefore, alternatives with more green designations than red indicate more 
overall advantages. Table 6 shows that the Alternative I SM options were the most 
positively ranked qualitatively in terms of the evaluation components established for this 
study. These include: 

Treatment Effectiveness/Robustness: SM provides effective treatment for the given 
water quality. Severn Trent has projected that their E-33 media would provide at 
least 76,000 bed volumes between media exchanges with an influent arsenic of 0.018 
mg/L and when operated with vessels in parallel. 

Treatment Effectiveness/Robustness: C/F and IX technologies have many more 
moving parts and instruments than does SM due to additional ancillary processes and 
the use of automatic valves. It is anticipated that the O&M costs will be higher as it is 
likely that items such as plastic pipe and valve actuators would probably need 
replacement within a few years. AWC has observed at their other IX and C/F sites 
that maintenance requirements in general are much higher for these technologies, 
than for SM. 

0 Chemical Deliveries: SM does not require chemical deliveries. C/F and IX will 
require frequent chemical deliveries which is an important consideration given the 
that the entrance to Well No. 13 site will be directly off residential street in a 
subdivision. 

Site Restrictions/Footprints: SM has the overall smallest footprint over the other 
techno1 ogies. 

0 Constructability / Installation Complexity: SM is the least complex system to install, 
since it has fewer process components. 
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Aesthetics / Noise / Odors: Since the C/F and IX systems require chemicals for 
operation, and off-site disposal of residuals, they received red ratings compared, 
especially when compared to SM. At other AWC sites salt delivery trucks have had 
minor spills which is still enough to kill nearby landscaping. Additionally, delivery 
trucks will bring noise and exhaust fumes through the residential areas. 

Ease of Operation: SM was rated the best since it is the easiest to operate (e.g., 
manually operated valves). C/F and IX have many more moving parts (e.g., valve 
actuation daily) and ancillary process (e.g., ferric storage, brine storage and 
regeneration pumps) compared to SM. 

Residuals Generation / Disposal: C/F was rated the worst (red) with IX as yellow, and 
SM as green. C/F and IX will require more frequent truck trips for residuals disposal 
compared to SM. SM will require the least amount of truck traffic for residuals 
disposal at approximately once every 8 months (at 50% well utilization rate). All 
arsenic treatment technologies will produce waste residuals (either sludge or media) 
that contain arsenic. Eventually waste residuals for all technologies are landfilled with 
origination paperwork linked to the original source of production. AWC currently 
mitigates this risk by contracting with third-part waste handlers who indemnify AWC, 
decreasing the risk associated with landfilling arsenic-laden residuals. 

Ease of Start-up Following Off Time: AWC’s water production requirements in the 
winter months are much less than in the summer, and this allows AWC to not operate 
some of their wells during this time period. Arsenic treatment systems often require 
additional attention and maintenance after an extended off-period. Instruments need 
to be recalibrated, tubing and pipes verified for no leakage, chemical tanks need to be 
refilled, etc. The more complex the treatment process, the more time it takes to re- 
start a system after an outage. Since SM has the least amount of moving parts and 
instrumentation compared to IX and C/F, its start-up will be easier. AWC confirms 
this has been their experience at their existing arsenic treatment systems. 

Current State of Filter Medias 

The C/F treatment process may utilize a variety of medias both of proprietary nature (i.e., 
single supplier) and readily available on the market place. Table 12 presents a list of C/F 
medias that have been used to remove arsenic from water. All these medias are acceptable 
contingent upon proof testing at the Coolidge Well No. 13 site. 
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na Water Company 

Macrolite 

Manufacturer 1 Status 

Capable of filtration rates of UD to 12 q~m/ft’.(~ 
Hungerford & 
Terrv 

Proprietary media from one supplier. 

Several Also known as garnet, hematite, ilmenite, and 

*Typically used as part of support system for 
magnetite. 

AnthractiteEand media beds. 
Kinetic0 1 Ceramic-based media. 

Capable of filtration rates of up to 10 g~m/ft’.(~ 
Lower backwash rates (8 gpm/ft2) 
Focus on small systems (POUPOE). 
Does not provide system packaqes. 

Several 

Standard product with AWWA specification. 
I Multiple suppliers located nationwide. 

- Note: 
(1) Any of the following suppliers may be used to provide a system package: Everfilt, Hungerford 8, 
Terry, Loprest, Pureflow, Severn-Trent, Siemens, Tonka, WesTech. 
(2) Shaded entries indicate those medias that appear viable for use at the Coolidge Well No. 13 site 
based on water quality and performance record. 
(3) Vendors typically require field testing before providing a performance warranty as part of the 
svstern. 

6.2 Current State of Sorptive Medias 

Carollo previously conducted a review of sorptive medias in spring 201 1 for AWC. Since 
then there have been no new suppliers brought to the market place that have any 
significant full-scale installations. Although the initial promulgation of the Arsenic Rule by 
the U.S. EPA in 2001, saw a rush of potential medias, these medias were primarily at the 
research level. Now in 201 1, there are on1 y a few medias that have the track record and 
ability to provide a complete system package. 
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A R I Z O N A  WATER COMPANY 
3805 N. BLACK CANYON HIGHWAY, PHOENIX, ARIZONA 85015-5351 P.O. BOX 29006, PHOENIX, AZ 85038-9006 

PHONE: (602) 240-6860 FAX: (602) 240-6874 TOLL FREE: (800) 533-6023 9 www.az\vater.coIii 

June 24,20 15 

Mr. Randy Gates 
MGC Contractors, Inc. 
41 10 E. Elwood Street 
Phoenix, AZ 85040 

Re: Coolidge Well No. 13 Arsenic Removal Facility 

Dear Mr. Gates: 

Enclosed is a Request for Proposal ("RFP") for the above referenced project. Arizona 
Water Company (Tompany") requests your submission of a proposal for Coolidge Well No. 13 
Arsenic Removal Facility. 

A mandatory pre-proposal meeting will be held at Coolidge Well No. 13, 2107 W. Vah 
Ki Inn Road, Coolidge, AZ 85128 on July 9, 2015, at 1O:OO a.m. Proposals must be submitted 
no later than 2:OO p.m. on July 30, 2015. Submit the original proposal plus three (3) copies to 
the attention of James Wilson at the Phoenix Office located at 3805 N. Black Canyon Highway, 
Phoenix, AZ 85015. Company will not consider incomplete or late submittals for evaluation. 

RFP evaluation will be weighted as follows: 

0 Work History and Experience of Consultant and Project Manager - 40% 
0 RFP/Scope thoroughness - 30% 
e Consultant Proposed Fee - 30% 

The following documents are attached for your review: 

e Proposal/Contract (two copies) 
0 Request for Proposal 
0 Adsorptive Media Technical Specifications and Exhibits A thru N 

CoagulatiodFiltration Technical Specifications and Exhibits A thru N 

E-MAIL: engineering@azwater.com 

WQROJECTSICGWWNSIDE\WAUCTNE WA\1-4806 COOLIDGE WELL #l3 ARSENIC TREATMENT PLANT JTWIAGREEMEMSQROPOSLSRFP INVlTATlON - MERGE LETTER 1.4808 COOLIDGE 
WELL #ltDOCX 
AJH'AFH 612412015 15 58 

mailto:engineering@azwater.com


ARIZONA WATER COMPANY 

Mr. Randy Gates 
MGC Contractors, Inc. Page 2 

June 24,201 5 

The Company anticipates issuing a notice of award for Coolidge Well No. 13 Arsenic 
Removal Facility on or around September 3, 2015, following evaluation of the submitted 
qualifications and fees. The Company intends to select the successful contractor directly from 
the submitted WP. However, the Company reserves the right to have a formal interview process 
following review of the submitted RFPs. If you have any questions regarding this request, please 
contact me at (602) 240-6860. 

Very truly yours, 

Senior Engineer / jwilson@azwater.com 

afh 
Enclosures 

E-MAIL: enpineeringl@azwater.com 

W\PROJECTS\CO\PWINSlOElWA~CTIVE WA\l-4800 COOLIDGE W E U  X i 3  ARSENIC TREATMENT P U N T  JTWAGREEMENTSWROPOSALS\RFP INVITATION. MERGE LElTER $4805 COOLIDGE 
WELL #13.DOCX 
JWAFH 6/zuzois i s : m  
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ARIZONA WATER COMPANY 
Pinal  Valley - Casa Grande Divis ion 

220 E 2nd Street PROPOSALlCONTRACT 
~~ ~ __. 

~ ~ ~ R A C T O R  MGC CONTRACTORS. INC. PINAL  VALLEY^ 

- '  '--NIX. AZ 85082 ICITY STZIP PHUE 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

CONTRACTOR SUBMITS this PROPOSALiCONTRACT to ARIZONA WATER COVPANv a i  Arizona corporation (the Company ) to perform the work and complete the project 
described on Page 2 (the 'Project ) as an independent prime contractor 

Contractor certifies tha' it has a complete copy of and has read understands and accepts the Csmpary s General Conditions of Contract and the ComrJany s Construction 
Specifications and Standard Specification Draw ngs (the Specifications' all of whicb are atiazhed hereto Contractor 9as examined the specific p a i s  and related construction 
draw ngs for the Project (the Drawiigs ) copies of which are also attac9ed hereto The General Conditions of Contract Specifications and Drawings are incorporated into this 
ProposaiIContract Coitractw aY rms that all work and materials to be furn shed or pdrchased for the Project will be in str ct conformance rnith the General Conditions of Contract 
Specifications and Drawings 

Contractor represents and warrants that it has satisfied and Lompded with the prov sions of Sectior 6 Contractor Understands Work and Working Conditions of 'he General 
Conditions of Contract prior to submitting this ProposaliContract 

Contractor represents that this ProposalContract is fair and honest in all respects is submitted in good faitb and is not submitted in collusion wth  any othe? company entitv oi 
person 

Contractor acknowledyes that one hundred percent (100%) Performance and Payment Bonds are required and must be provided to the Company prior to the commencement of 
work 

Prior to the commencemen' of work Contractor will submit tothe Company a list of all materials to be used ir the Project The materials list will include the manufacturer part 
number price and quantity included in this ProposaVCoitract 

Contractor will furnish all abor tools equipment and materials required to complete the Project according to the General Conditions of Contract Specifications and Drawings No 
materials purchased by Contractor to be incorporated into 'he Project are SUbJeCt to tax at the time of purchase and Contractor will not charge the Company for any such tax 
Contractor will pay the applicable transaction privilege tax (the Contract ng Tax? on the Project afler Contractor receives payment of the final Project invoice from the Company 
The cost of materials incorporated into the Project which are exempt by Arizona Revised State Statues ( A R S ) f i o n  the Contracting Tax for example pipes or valves having a 
diameter of four (4) inches or arger including equipment. fittings and any otner related part that is usea in operating the pipes 0' valves (A R S 592-5061 B 6 ) will not be included 
in the total cost of the labor and materials upon which the Contracting Tax is computed Contractor retains full liability and obligation to pay the Contracting Tax and will defend and 
indemnify t?e Company against any aemand or obligation to pay the Contracting Tax 

Contractor will rnain'ain detailed accouriting records of all materials purcneseci and incopporated i i to  the Project Such records will include all supporting original vendor invoices 
for all materials purchased Followcng completion of the Project Contractor will submit an itemized accounting to tPe Company whic'l will include all supporting original vendor 
invoices and satisfactory evidence of payment thereof The Company will not pay Contractor for mate'ials not actually incorporated into the Project and the d sposition of sdch 
materials will remain Contractors responsibility 

The Estimated Total Cost of the Project shown on Page 2 is based on estimated IaDor an0 material quantities to be furnished It inclu3es an estimate of the Contracting Tax and 
the cost of the ?equired Performance and Payment Bonds Contractor will not cancel modify or withdraw this ProposaliContract during a ninety-day (901 period commencing on the 
Bid Due Date The Company may accept this ProposaliContract by signing and mailing or othewise delivering a copy hereo'to Contractor during such ninety day (90) period Ii 
the Company does not accept this Proposal/Contract during such ninety-day (90) period Contractor may cancel this ProposaIiContract by giving written notice of cancellation to the 
Company 

Prior to the commencement of work Contractor will provide the Company with a detailed construction schedule in either Gant' or CPM forv dentifying all tasks to be performed 
from the date of the written Commencement Notice through completion of the Project including testing training of Corrpany Personnel and final Project irvoicing Contractor will 
provioe the Company with a copy of such construction schedule documenting the progress of work on the Project at least monthly 

Contractor will not commerxe work on the Projecr unt I the Company gives Contractor a writter Commencenent Notice Contractor will complete the Project within 

Following the Company s written notice of satisfactory completion of the Project ano upon receipt of the final Project invoice from Cont-actor the Compacy shall pay Contractor the 
actual total cost of the Project which will be calculated as shown on Page 2 except that aCiual labor and material quantities installedkonstructeC! wili be sunstituted for the 
estimated labor and materials quantities and the Contract ng Tax will be recalculated based on such actjal labor and materials qdantities 

T k  amount of applicable liquidated damages for Contractofs failure to deliver or perform within the time limit shown in Paragraph 10 may be deducted from the Company s 
payment of the final Project invoice Th s provision shall not limit the Company s ability to terminate this ProposaliContract for Contractors unsatisfactory perforn-ance or failure to 
perform as provided in the Generai Conditions of Contract Specifications or Drawings or fl this Pioposal/Contract 

calendar days after the Commencement Notice is ssued 

SPECIAL CONDITIONS: 

See attached Request for Proposal and Technical Specifications dated June 23,2015. Company will make five (5) progress payments 

ACTORS. INC. 

MGC Con1 Proposal Contract 1-4806 Coolidge Well No 13 ARF I612412015 
Page 7 
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A R I Z O N A  WATER COMPANY 

PROPOSALKONTRACT 

DESCRIPTION 
OF PROJECT Design, permit and construct an Arsenic Removal Facility at Coolidge Well No. 13 in the 

Pinal Valley water system. 

UNIT PRICE TOTAL COST 

1-2. MATERIALS EXEMPT FROM CONTRACTING TAX (per ParanraDh 6) QUANTITY LABOR MATERIALS LAEOR VATtRIALS 

1 -- Provide and install on-site pipino valves and related appurtenances 

-- 

-- 
-- 

3 Total Labor to Install Exempt Materals (add the amounts in column 1) 

4 Total Exempt Materiais (add the  amounts in colilrnn 2) 

3 

MATERIALS -- LABOR 5-6. NON-EXEMPT MATERIALS _ _ _ _ -  _______ MATERIALS ~ _ I _ _  

Q U A h T ' T  LABOR 

Perform design phase services and obtain ATC and other required permits and 
approvals ~ 

Mobilization demobilization. site maintenance and closeout 
Perform qradinq, drainage and site improvements 

1 
1 
1 

-- -- -- 
Provide and install ARF vessels with media, piping and related appurtenances 1 
Provide and install chemical injection system including tanks piping and related 
armurtenances 
Provide and install backwash system including tanks, pumps, piping and related 

1 -- 
1 appurtenances - 

Provide and install solids handling facilities including dewatering bin pumps and 
1 related apwrtenances (coagulationlfiltration only) 
1 Perform disinfection, testing, commissioning and on-site operator training 

Provide and install SCADA system perform PLC programming and integrate 

-- 
5 6 -- 

-I____ 

I 
1 
-- ARF and Well No 13 site into Pinal Valley SCADA system. 

Prepare record drawinqs. O&M manual and obtain AOC -- 
-- 

7 Total Labor to listall Non-Exempt Mater,als (add the amounts in column 5) 

8 Total Non Exempt Materials (add the amounts in column 6) 8 
9 Subtotal A (add lines 3 7 and 8) 9 

7 

IO. Contracting Tax Base (multiply the amount on line 9 by 0 65) 

11 Applicable Contracting Tax Rate 11 
12. Contracting Tax (multiply the amount on line 10 by line 11) 

10 

12 

13 Subtotal B (add lines 4, 9 and 12) 13 
14 100% Performance and Payment Bonds Cost 14 

15 Estimated Total Cost (add lines 13  and 14) 15 

Page 2 
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A R I Z O N A  WATER COMPANY 
Pinal  Valley - Casa Grande Divis ion 

220 E 2nd Street PROPOSALlCONTRACT 

1 

2 

3 

4 

5 

6 

7 

a 

9 

10 

11 

12 

CONTRACTOR SUBMITS this PROPOSALCONTRACT to ARIZONA WATER COViPANV a i  Arizona corporation (the Company') to perform the work and complete the project 
described on Page 2 (the "Project ) as a i  independent prime contractor 

Contractor ceriifies that it has a complete copy of and has read understands a i d  accepts the Companys General Conditions of Contract anc the Company s Construction 
Specifications ard Standard Specification Draw ngs (the Specifications') all of whick are attazhed herefo Contractor 'las examined t l e  specific pans and related construction 
drawings for the Project (the Drawings ) copies of which are also attached hereto The General Conditions of Contract, Specifications and Drawings are incorporated into this 
Proposal/Contrac! Coitractor aYi-ms that all work and materials to be furnished or purchaseo for the Project will be in strict conformalce nith !he General Conditions of Contract 
Specifications and Drawings 

Contractor represents and warrants that it has satisfied and complied wit1 the provisions of Sectior 6 Contractor Understands Work and WorKing Conditions of the General 
Conditions of Contract prior to submitting this Proposal/Contract 

Contractor represents that this Proposal/Contrac' is 'air and honest in ail respec's IS Submitted in good fait!- anc is l o t  submitted in collusion with any othe- company entitv oi 
person 

Contractor acknowledges that one hundred percent ( I  00%) Performance and Payment Bonds are required and must be provided to the Compan) prior to the commencement 0' 
work 

Prior to the commencemen' of work Contractor will submit to the Company a list of all materials to be used ir the Project The materials list will include the manufacturer pari 
number price and qilantity incldded in this Proposal/Con+ract 

Contractor will furnish all iabor tools equipment and materia s required to complete the Project according io the General Conditions of Contract Specifications and Drawings No 
materials purchased oy Contractor to be Incorporated into the Project are Subject to tax at the t me of purchase and Contractor will not charge the Company for any sJch tax 
Contractor will pay the applicable transaction privilege tax (the Contract ng Tax on the Project afler Contractor receives payment of the final Project invoice from the Corrpany 
The cost of materials incorporated into the Project which are exempt by Arizona Revised State Statues ( A R S ) from the Contracting Tax for example pipes or valves having a 
diameter of four (4) inches or larger including equipment, fittings and any ot'ier related pari that is used in operatmg the pipes or valves (A R S 942 5061 €3 6 ) will not be included 
in the total cost of the labor and materials upon which the Contracting Tax is computed contractor rrtains iull liabilily and obligation 10 pay the Contractiig Tax and WII defend and 
indemnify t i e  Company against any oemand or obligation to pay the Contracting Tax 

Contractor will ma ntain detailed accounting records of all materials purchaseci and incorporated into the Project Such recorcls will include all supporting original vendor invoices 
for all materials purchased Following completion of the Project Contractor wiil submit an itemized accounting to the Company whic'l will inctude all supporting original vendor 
invoices and satisfactory evidence of payment thereof The Company wil not pay Contractor for materials not actually incorporated into the Project and the d sposition of such 
materials will remain Contractors responsibility 

-he Estimated Total Cost of the Project shown on Page 2 is based on es!imated labor an0 material quantities to be furnished It includes an estimate of the Contracting Tax and 
the cost of the required Performance and Payment Bonds Contractor will not cancel modify or withdraw this ProposaliContract during a ninety-day (90) perioa commencing on the 
Bid Due Date The Conpany may accept :his ProposaliContract by signing and mailing or othewise delivering a copy hereof to Contractor duriig such ninety-day (90) period I f  
the Company does not accept this ProposaliContract during such ninety-day (90) period Contractor mav cancel this ProposailContract by giving written notice of cancellation to the 
Company 
Prior to the commencement of work Contractor will provide the Company with a detailed construction schedule in either Gantt or CPM forn identifying all tasks to be performed 
from the date of the written Commencement Notice through completion of the Proiect including testing training of Company Personnel and final Project invoicing Contractor will 
provide the Company with a copy of such construction schedule docbmenting the progress of work on the Project at least monthly 

Contractor will not commence work on the Projec' until the Company gives Contractor a writter Commencement Notice Contractor will corrplete the Project within 

Following the Company's written notice of Satisfactory completion of the Project and upon receipt of the final Project invoice from Cont?actor the Company shall pay Contractor the 
actual total cost of the Project which will be calculated as shown on Page 2 except that actual iabor and material quantities installediconstructec will be substituted for the 
estimated labor and materials quantities and the Coitracting Tax will be recalculated based on such actilal labor and materials qjantities 

The amount of applicable liquidated damages for Contractor's failure to deliver or perform within Ihe time limit shown in Paragraph 10 rnay be deducted frorr the Company s 
payment of the finai Project invoice Th s provision +all not limit tbe Company s ability to terminate this QroposaliContract for Contractors unsatisfactory performance or failure to 
perform as provided in the General Conditions of Contract Specifications or Drawings or in this ProposallContrac! 

caleidar days afler the Commencement Notice is ssued 

SPECIAL CONDITIONS: 

See attached Request for Proposal and Technical Specifications dated June 23,2015 Company will make five (5) progress payments 

MGC Con1 Proposal Contract 1-4806 Coolidge Well No 13 ARF 16/24/2015 
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A R I Z O N A  WATER COMPANY 

Pinal Valley - Casa Grande Division 
220 E 2nd Street 

Casa Grande AZ 85122 PH. 520-836-8785 PROPOSALKONTRACT 

AZ CONTRACTOR LICENSE NO CLASSIFICATION 
BID 3UE 3ATE 

DESCRIPTION 
PROJECT Design, permit and construct an Arsenic Removal Facility at Coolidge Well No. 13 in the 

Pinal Valley water system. 

TOTAL COST UNIT PRICE 

1-2. MATERIALS EXEMPT FROM CONTRACTING TAX [Der Paragraph 6) QUANTITY 

Provide and install on-site pipino valves and related appurtenances 1 

3 Total Labor to Install Exempt Materials (add the amounts in column 1) 

4 Total Exempt Materials (add the amounts in column 2) 

LABOR -- ,MATERIALS LABOR -- MATERIALS 

I 2 

4 I 3 

MATERIALS ~- LABOR 5-6. NON-EXEMPT MATERIALS ________  QUANTiY LABOR ~ MATERIALS -I___ 

Perform design phase services and obtain ATC and other required permits and 
approvals 
Mobilization demobilization. site maintenance and closeout 

? 
1 
-- 
-- 

I -- Perform sradinq. drainage and site improvements 

Provide and install ARF vessels with media piping and related appurtenances 1 
Provide and install chemical injection system including tanks piping and related 
appurtenances 
Provide and install backwash system including tanks pumps, piping and related 

1 -- 
1 -- appurtenances 

Provide and install solids handling facilities including dewatering bin. pumps and 
I 

1 

1 
1 

5 6 -- related amurtenances (coaoulation/filtration only) 
Perform disinfection testing, commissioning and on-site operator training 
Provide and install SCADA system, perform PLC programming and integrate 
ARF and Well No 13 site into Pinal Valley SCADA system 
PreDare record drawinqs O&M manual and obtain AOC 

-- 
-- 
-~ 
-~ 
~- 

7 Total Labor to Install Non Exempt Matersals (add the amounts in column 5) 

8 Total Non Exempt Materials (add the amounts in column 6) 8 
9 Subtotal A (add lines 3 7 and 8) 9 

10 Contracting Tax Base (multiply the amount on line 9 by 0 65) 

11 Applicable Contracting Tax Rate 
12 Contracting Tax (multiply the amount on line 10 by line 11) 12 

13 Subtotal B (add lines 4, 9 and 12) 13 
14 100% Performance and Payment Bonds Cost 14 

15 Estimated Total Cost (add lines 13 and 14) 15 

Page 2 
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CONTRACTOR 

ADDRESS 

CITY ST ZIP 

1 

2 

3 

4 

5 

6 

7 

a 

9 

10 

11 

12 

SYSTEM 
PINAL VALLEY 

W A  No(s) 
1-4806 

BID DUE DATE 
July 30, 2015 

CONTRACTOR SUBMITS this PROPOSAL/CONTRACT to ARIZONA WATER COMPANY, an Arizona corporation (the "Company"), to perform the work and complete the project 
described on Page 2 (the "Project"). as an independent prime contractor. 

Contractor ceriifies that it has a complete copy of, and has read, understands and accepts, the Company's General Conditions of Contract, and the Company's Construction 
Specifications and Standard Specification Drawings, (the "Specifications"). all of which are attached hereto. Contractor has examined the specific plans and related construction 
drawings for the Project (the "Drawings"), copies of which are also attached hereto. The General Conditions of Contract, Specifications and Drawings are incorporated into this 
ProposallContract. Contractor affirms that all work and materials to be furnished or purchased for the Project will be in strict conformance with the General Conditions of Contract, 
Specifications and Drawings. 

Contractor represents and warrants that it has satisfied and complied with the provisions of Section 6, Contractor Understands Work and Working Conditions, of the General 
Conditions of Contract prior to submitting this ProposalIContract 

Contractor represents that this ProposalIContract is fair and honest in all respects, is submitted in good faith and is not submitted in collusion with any other company, entity or 
person. 

Contractor acknowledges that one hundred percent (100%) Performance and Payment Bonds are required and must be provided to the Company prior to the commencement of 
work. 

Prior to the commencement of work, Contractor will submit to the Company a list of all materials to be used in the Project The materials list will include the manufacturer, part 
number, price and quantity included in this ProposallContract. 

Contractor will furnish all labor, tools, equipment and materials required to complete the Project according to the General Conditions of Contract, Specifications and Drawings No 
materials purchased by Contractor to be incorporated into the Project are subject to tax at the time of purchase and Contractor will not charge the Company for any such tax 
Contractor will pay the applicable transaction privilege tax (the "Contracting TaY) on the Project after Contractor receives payment of the final Project invoice from the Company. 
The cost of materials incorporated into the Project which are exempt by Arizona Revised State Statues ("A.R.S.") from the Contracting Tax, for example, pipes or valves having a 
diameter of four (4) inches or larger, including equipment, fittings and any other related part that is used in operating the pipes or valves (A.R S 542-5061 B.6.), will not be included 
in the total cost of the labor and materials upon which the Contracting Tax is computed Contractor retains full liability and obligation to pay the Contracting Tax and will defend and 
indemnify the Company against any demand or obligation to pay the Contracting Tax. 
Contractor will maintain detailed accounting records of all materials purchased and incorporated into the Project. Such records will include all supporting original vendor invoices 
for all materials purchased. Following completion of the Project, Contractor will submit an itemized accounting to the Company which will include all supporting original vendor 
invoices and satisfactory evidence of payment thereof. The Company will not pay Contractor for materials not actually incorporated into the Project, and the disposition of such 
materials will remain Contractor's responsibility. 

The Estimated Total Cost of the Project, shown on Page 2, is based on estimated labor and material quantities to be furnished It includes an estimate of the Contracting Tax and 
the cost of the required Performance and Payment Bonds. Contractor will not cancel, modify or withdraw this ProposallContract during a ninety-day (90) period commencing on the 
Bid Due Date The Company may accept this ProposalIContract by signing and mailing. or otherwise delivering, a copy hereof to Contractor during such ninety-day (90) period. If 
the Company does not accept this ProposalIContract during such ninety-day (90) period, Contractor may cancel this ProposalIContract by giving written notice of cancellation to the 
Company. 

Prior to the commencement of work, Contractor will provide the Company with a detailed construction schedule, in either Gantt or CPM form, identifying all tasks to be performed 
from the date of the written Commencement Notice through completion of the Project. including testing, training of Company Personnel and final Project invoicing Contractor will 
provide the Company with a copy of such construction schedule documenting the progress of work on the Project at least monthly 

Contractor will not commence work on the Project until the Company gives Contractor a written Commencement Notice Contractor will complete the Project within 

Following the Company's written notice of satisfactory completion of the Project, and upon receipt of the final Project invoice from Contractor, the Company shall pay Contractor the 
actual total cost of the Project, which will be calculated as shown on Page 2, except that actual labor and material quantities installedlconstructed will be substituted for the 
estimated labor and materials quantities and the Contracting Tax will be recalculated based on such actual labor and materials quantities 

The amount of applicable liquidated damages for Contractor's failure to deliver or perform within the time limit shown in Paragraph 10 may be deducted from the Company's 
payment of the final Project invoice. This provision shall not limit the Company's ability to terminate this ProposalIContract for Contractor's unsatisfactory performance or failure to 
perform as provided in the General Conditions of Contract, Specifications or Drawings, or in this ProposallContract 

calendar days after the Commencement Notice is issued 

HAC IOK 

See attached Request for Proposal and Technical Specifications dated June 23, 2015. Company will make five (5) progress payments 

PROPOSALlCONTRACT ACCEPTED: 

ARIZONA WATER COMPANY 

Print Name: 

Title: 

Print Name: Fredrick K. Schneider, PE 
Title: Vice President - Engineering 
Date: 1 

Page 1 
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ARIZONA WATER COMPANY 
Pinal Valley - Casa Grande Division 

220 E. 2nd Street 
Casa Grande. AZ 85122 PH: 520-836-8785 

CONTRACTOR 

AZ CONTRACTOR LICENSE NO CLASSIFICATION 

ADDRESS 

CITY ST ZIP 

PROPOSAL/CONTRACT 
bY5i t M  

PINAL VALLEY 
W A  No(s) 

1-4806 
BID DUE DATE 

Julv 30, 2015 
BID BOND REQUIRED 

Yes No 

bY5i t M  

PINAL VALLEY CONTRACTOR 
W A  No(s) 

ADDRESS: 

CITY ST ZIP 

Julv 30, 2015 
BID BOND REQUIRED 

Yes No 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

9. Subtotal A (add lines 3, 7 and 8) 

11, Applicable Contracting Tax Rate 
12. Contracting Tax (multiply the amount on line 10 by line 11) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

10. Contracting Tax Base (multiply the amount on line 9 by 0.65) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.- 13. Subtotal B (add lines 4, 9 and 12) 

1-4806 AZ CONTRACTOR LICENSE NO CLASSIFICATION 
BID DUE DATE 

14. 100% Performance and Payment Bonds Cost . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

DESCRIPTION 
PROJECT: Design, permit and construct an Arsenic Removal Facility at Coolidge Well No. 13 in the 

Pinal Valley water system. 

UNIT PRICE TOTAL COST 

MATERIALS . LABOR MATERIALS . . .  . . . .  . . .  
1-2. MATERIALS EXEMPT FROM CONTRACTING TAX (per ParaqraDh 6) OUANT~TV LABOR 

. . .  . . .  -- . . .  . . .  Provide and install on-site piping, valves and related appurtenances 1 

. . .  . . .  . . .  . . .  . . .  . .  . . .  . . .  -- 

141 

. . .  . . .  . . .  ??;]-I . . .  . . .  -~ ... . . .  
,:.2. -- ... . . .  .:I.: . . .  . . .  . . .  . . .  . . .  -- ... :::I ... :;:;:;I I . . .  . . .  . . .  . . .  . . .  . . .  . .  . . .  ., -- ... . . . .  

. .  . . .  -- 
3 Total Labor to Install Exempt Materials (add the amounts in column I )  

4 Total Exempt Materials (add the amounts in column 2) 

MATERIALS _ _ _ _ ~  ___ . . .  . . .  . . .  . . .  . . .  I 
LABOR MATERIALS 5-6. NON-EXEMPT MATERIALS QUANTITY LABOR 

Perform design phase services and obtain ATC and other required permits and . . .  . . .  . . .  : : :I 

15 Estimated Total Cost (add lines 13 and 14) 

Page 2 
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ARIZONA WATER COMPANY 

S P EC I F I CATIO N S 
GENERAL CONDITIONS OF CONTRACT: E-4-1 

CONSTRUCTION SPECIFICATIONS: E-8-1 

STANDARD SPECIFICATION DRAWINGS: E-9-1 

2007 EDITION WITH 2010 REVISIONS; 
2012 GENERAL CONDITIONS OF CONTRACT 

package for 
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Arsenic Removal Facility and Related Appurtenances 

Coolidge Well No. 13 Site 
Coolidge, Arizona 

June 23,2015 

Project No. 1-4806 

Arizona Water Company 
3805 N. Black Canyon Highway 

Phoenix, Arizona 8501 5 
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Request for Proposal 
Design, Permitting and Construction of 

Arsenic Removal Facility and Related Appurtenances 
Coolidge Well No. 13 Site 

June 23,2015 

1. PROJECT DESCRIPTION 

Through the issuance of this request for proposal (IIRFP"), Arizona Water Company 
("Company") is soliciting competitive, sealed bids from Contractors to design, construct, and 
obtain all permits and governmental approvals for an Arsenic Removal Facility and related 
appurtenances (IIARF'I) for the Company's Coolidge Well No. 13 Site (IiSite") located at 21 07 
W. Vah Ki Inn Road, Coolidge, Pinal County, Arizona (Assessor's Parcel No. 209-20-OOIP) 
(see Exhibit "A" of the Technical Specifications). Acceptable ARF treatment technologies 
include: 

1. Adsorptive Media 
2. Coagulation/Filtration 

The contractor, its engineer and subcontractors (collectively referred to as 
"Contractor") are responsible for the overall design/build project, including construction and 
all design disciplines necessary to deliver the ARF "turnkey" to the Company. The 
Contractor, at its option, may select one ARF technology to use as the basis for its proposal. 
Technical Specifications for both ARF technologies are attached. 

The Contractor is responsible for the design, construction, permitting, programming, 
commissioning, record drawings, and Operations and Maintenance ("0&M") manual for the 
ARF included in this RFP. Contractor shall provide design submittals to Company at the 30, 
60, 90 and 100 percent complete submittals. See the enclosed Technical Specifications for 
a detailed Scope of Services. 

It is the Contractor's responsibility to obtain any information it requires regarding 
existing facilities, utility locations and site conditions prior to responding to this RFP. The 
Contractor may collect samples and perform its own water quality analyses for design 
purposes. 

Design criteria for the ARF are provided in Exhibit "E" of the Technical Specifications. 
The ARF vessels shall have full flow treatment capacity. A portion of the raw groundwater 
from Well No. 13 ("the well") will bypass the ARF and blend with the treated water to 
produce water with an arsenic concentration of less than 7 micrograms per liter ("pg/L") prior 
to discharge to the distribution system. The distribution system will provide the water 
necessary to backwash the ARF vessels when required. The design includes, but is not 
limited to: vessel layout, chemical equipment, sludge handling equipment 
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(coagulation/filtration only), backwash storage and recycling, electrical equipment, 
communications equipment, instrumentation, programming, piping, site work and drainage. 
A conceptual site plan, site survey and sample designs that are acceptable to the Company 
are provided in the exhibits of the Technical Specifications for the Contractor's use. 

A. Background 

The well is located in a rural area near the Heartland residential subdivision on the 
south side of Vah Ki Inn Road, approximately 1,000 feet west of Skousen Road. The Site is 
approximately 0.9 acres and is enclosed by a concrete masonry unit block wall. Other 
existing facilities at the Site include a storage building, a liquid chlorinator, electrical 
equipment and a retention basin. Future facilities planned for the Site include two 0.5 million 
gallon water storage reservoirs and a booster pump station (see Exhibit 'ID" of the Technical 
Specifications). The Company has completed an ALTA and topographical survey of the 
Site, which is available for the Contractor's use. 

Well No. 13 is equipped to produce 1,250 gpm and is currently not in service. The 
Company will replace the existing well pump with a new well pump that produces 800 gpm. 
When the groundwater from the well was last sampled in October 2011; the arsenic 
concentration was 14 pg/L. From September 2009 through October 2011; the highest 
concentration of arsenic was approximately 18 pg/L (see Exhibit "F" of the Technical 
Specifications). 

B. Scope of Services 

See Scope of Services in Technical Specifications. 
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2. PROPOSAL SUBMITTAL REQUIREMENTS 

A. General Requirements 

The Contractor must deliver proposals to the Company's Phoenix office 
(address provided below) before 2:OO p.m., Mountain Standard Time, on July 30, 2015. The 
Company may not accept late proposals. 

Arizona Water Company 
Attention: James T. Wilson 
3805 N. Black Canyon Hwy. 
Phoenix, Arizona 8501 5 

An onsite pre-proposal meeting is scheduled for Thursday, July 9, 2015, 
beginning promptly at 1O:OO a.m., Mountain Standard Time, at the Coolidge Well No. 13 
site located at: 

2107 W. Vah Ki Inn Road 
Coolidge, AZ 85128 

The pre-proposal meeting is mandatory. The Company may not accept 
proposals from Contractors who do not attend the meeting. 

The schedule for this project is shown below. Proposals must include a 
detailed design and construction schedule with the completion date on or before the date 
shown below. 

Pre-Proposal Meeting: 
RFl's Due 
Proposal Due: 
Contract Awarded: 

July 9, 2015 
July 23, 2015 
August 6,2015 
September 3, 201 5 

Proposals must include a completed Proposal/Contract. The Company may 
reject incomplete ProposaKontracts. The Contractor must submit questions regarding this 
RFP in writing by mail or email to: 

Arizona Water Company 
Attention: James T. Wilson, P.E. 
3805 N. Black Canyon Hwy. 
Phoenix, Arizona 8501 5 
E-mail: jwilson@azwater.com 

C stions a mpany will only respond to written qu d requires a minimum of 48 
hours to provide written responses. Company will send responses to all written questions 
received to each contractor who is provided a RFP package. Oral statements or instructions 
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made by the Company shall not constitute an amendment or addendum to this RFP. The 
Company will provide all amendments or addendums to each Contractor in writing. 

For the Adsorption treatment technology, the Company requires a completed 
form of Exhibit "B" of the Technical Specifications. The contract term of the 
ProposaKontract in Exhibit "B" of the Technical Specifications is no less than 5 years from 
the completion of the ARF which is renewable for an additional 5 year term at the 
Company's discretion. The Contractor shall provide a performance guarantee on the 
treatment media per Exhibit "B" of the Technical Specifications. 

B. Proposal Requirements 

The Contractor shall submit a proposal of no more than 15 typed pages in 
length (excluding resumes, project schedule, fee schedule, hourly rate schedule and, for the 
adsorptive option only, Exhibit "B" of the Technical Specifications) and in font of no smaller 
than 11 point. 

The Contractor shall submit the following information with the proposal. The 
Company will use this information to select the successful bidder. 

i. Relevant Experience and Qualifications of the Contractor and 
Engineer. 

a. The Contractor shall provide with its proposal submittal the 
following information to the Company, along with other pertinent information the Contractor 
may deem necessary to demonstrate its qualifications in the design, permitting, and 
construction of the ARF as described in this RFP: 

1. Name and address of Contractor. 

2. Number of years Contractor has been in business. 

3. Information concerning the Contractor's financial capacity 
and stability to assure the full and timely performance of the Contract. 

4. Number of ARFs Contractor has designed, permitted, 
constructed, and made operational for the removal of arsenic. 

5. Name and address of Engineer. 

6. Number of years Engineer's key personnel has been 

7. Number and description of ARFs the Engineer has 

8. List a minimum of three (3) similar projects that Contractor 

registered engineers. 

designed. 

has successfully completed. This list must include at a minimum: 
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a) Name and address of Engineer. 

b) The dates of work (note if pending and status of 
completion). 

c) Project Description including the type of work 
performed, including the contaminant removed, capacity of water treated and the influent 
and effluent contaminant levels. 

d) The name and telephone number of a contact 
person or owner of the facility. 

e) Contractor’s role in the project. 

f) Engineer’s role in the project. 

g) Construction cost. 

ii. Key Personnel Qualifications. 

a. Organizational chart including key personnel from the Contractor 
and Engineer. 

b. Position descriptions and one page resumes of key personnel 
assigned to this project. Include resumes in an appendix to the proposal. 

c. List of Arizona professional and contractor licenses held by the 
Contractor, Engineer, and key personnel assigned to this project. 

d. Type and amount of work Contractor will self-perform. 

e. Proposed subcontractors. 

iii. Performance Record and Reputation. 

a. Litigation and claims history relating to performance, completion, 
and progress for all projects. 

b. Willingness to abide by Contract Documents with no objections 
or changes. 

iv. Contractor’s Understanding of, and Approach to Project. 

a. Contractor’s understanding of the project. 

b. Approach to dealing with potential problems. 
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v. Contractor's ability to Manage Project. 

a. Quality control, dispute resolution, and safety management. 

b. Subcontractor selection plan. 

c. Planning, scheduling, estimating, and construction management 
tools. 

vii. Contractor's Ability to Meet Project Schedule Deadlines and 
Complete the Project on Budget. Provide a preliminary schedule, in Gantt chart form, 
beginning with the award of the contract and ending with the completion of construction 
Include time for reviews and applicable regulatory agency approvals. 

viii. Twenty Year Life Cycle Analysis. Include the construction costs, 
media replacement costs, chemical costs, and any other operating and maintenance costs. 
Assumptions for the 20-year life cycle cost analysis are provided in Exhibit "L" of the 
Technical Specifications. 

ix. Hourly Rates. Provide supplemental hourly rates with overhead for all 
levels of staff members by discipline, including subcontractors and consultants, for use in 
determining appropriate compensation or reimbursement for any changes in the Scope of 
Services. 

x. Task Additions and/or Deletions. If, during the course of the 
Contractor's preparation of this proposal, modifications to the Scope of Services are 
identified that would better facilitate the design, construction and/or operation and 
maintenance, provide a brief description and justification for the recommended change 
along with a corresponding addendum to the fee schedule. 

xi. Permit List. Prepare a list of all Federal, State, and local permits 
required for design and construction. The list must state the name of the permit, the 
respective regulatory agency or municipality, a brief description of the purpose of the permit, 
and the typical or legal review time required by each respective agency. 

xii. Preliminary Drawing List. Provide a preliminary drawing list that 
indicates the drawing type and sheet count for all drawings proposed for this project. 

Note: The Company at its sole discretion reserves the right to reject or accept any bid 
proposal. 
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ARIZONA WATER COMPANY 

Technical Specifications - Adsorptive Media 
Design, Permitting and Construction of 

Arsenic Removal Facility and Related Appurtenances 
Coolidge Well No. 13 Site 

I. SUMMARY OF WORK 

An Arsenic Removal Facility and Related Appurtenances ("ARFI') is required at 
the Coolidge Well No. 13 Site ("Site") located at 2017 W. Vah Ki Inn Road, Coolidge, 
Arizona 85128, Assessor's Parcel Number ("APN") 209-20-001 P (Exhibit "A'). The ARF 
is necessary to treat groundwater to comply with the maximum contaminant level 
("MCL") for arsenic. The intent of these Technical Specifications is to provide general 
descriptions and establish minimum requirements for the ARF. It is the Contractor's 
responsibility to design, permit and construct a complete, fully functional, and reliable 
ARF which complies with Treatment Performance Requirements and specifications set 
forth herein ("Work"). 

The ARF shall include, but is not limited to, vessels, media, piping, valves, 
storage tanks, concrete pads, meters, controls, electrical equipment, chemicals, start- 
up, training and commissioning. Contractor shall perform due diligence as needed to 
design, permit and construct the ARF. Any analysis of water quality parameters that 
may affect performance of the ARF, life-cycle of any media, or waste produced, are the 
responsibility of the contractor. Contractor is responsible for all site improvements 
associated with construction of the ARF, including grading and drainage and partial 
resurfacing of the Site. Contractor is responsible for integration of the ARF into the 
Company's Pinal Valley SCADA system. 

Contractor is responsible for paying for and obtaining all permits and approvals 
necessary to begin and complete construction of the ARF. Contractor shall enter into a 
5-year Media Change-Out Contract with the Company, which is extendable for an 
additional 5 years (Exhibit "B"). 

2. SCOPE OF SERVICES 

A. Project Management 

I. Contractor shall submit to Company a detailed critical path 
schedule, in Gantt chart form, beginning with the award of contract and ending with the 
completion of construction and commissioning. Contractor shall identify applicable 
regulatory agency approvals and project milestones. Contractor shall update the 
schedule at a minimum of once per month. 

ii. Contractor shall attend all project design and construction meetings 
including, but not limited to, kick-off meetings, bi-weekly design phase 
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meetings/workshops, bi-weekly construction phase meetings and special meetings as 
required. Contractor shall conduct meetings, distribute meeting minutes within three (3) 
business days after each meeting/workshop, and monitor progress of project versus 
schedule. 

... 
HI. Company will confirm schedule for project meetings and review and 

approve schedule updates. 

B. Permits and Approvals 

I .  Contractor shall pay for and obtain all permits and approvals for the 
ARF including, but not limited to: Approval to Construct ("ATC"), Approval of 
Construction ("AOC") and an approval of a blend plan from the Arizona Department of 
Environmental Quality ("ADEQ"), building permit, use permit or setback variance, right- 
of-way encroachment permit and dust control permit. Contractor shall submit design 
reports, construct ion drawings applications, certifications , record drawings , and any 
other documentation required to obtain the permits and approvals required to construct, 
startup and commission the ARF. 

I I .  Contractor shall prepare and submit a Storm Water Pollution 
Prevention Plan, Traffic Control Plan and any other plan required for approval prior to 
corn menci ng construct ion. 

... 
Ill. Contractor must obtain Company approval prior to submitting 

permit applications, construction drawings, reports and any other required supplemental 
materials to regulatory agencies. 

C. Design Phase Submittals 

I .  Contractor shall submit to Company a minimum of four (4) design 
package submittals (30%, 60%, 90% and 100%). Company will review all required 
design package submittals and requires a review period of a minimum of ten ( I O )  
working days for the 30% submittal, twenty (20) working days for both the 60% and 90% 
submittals and fifteen (15) working days for the 100% submittal. 

ii. Contractor shall incorporate Company review comments with each 
subsequent design submittal package. Contractor shall return redlines and provide a 
comment response letter with each subsequent design submittal package. 

D. 30% Design 

I. Data Gathering: Contractor shall perform data gathering activities 
that includes, but is not limited to obtaining as-built drawings, water use records, water 
quality samples, surveys and other information as required; obtaining permit application 
forms and requirements from approval agencies; requesting utility information and maps 
from utility companies; locating and potholing for utilities; obtaining local design 
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requirements and standard details; meeting with the City of Coolidge, Pinal County, 
ADEQ and other permitting and reviewing agencies to determine the design 
requirements for approvals and permitting; and visiting the Site and noting conditions 
that may impact the design. An ALTA and topographical survey of the Site is provided in 
Exhibit "C". Sample plans for an adsorptive media ARF, a chemical feed system and a 
standalone sodium hypochlorite feed system are provided in Exhibits ''I1', "J" and "K', 
respectively. Company will provide example technical specifications in CSI format for 
Contractor's use as a model for the preparation of technical specifications. The 
Company, upon receipt of written request of the Contractor, will provide supplemental 
information if sufficient information is not available. 

ii. Base Map Preparation: Contractor shall prepare a base map 
showing the locations of all existing utilities and structures with dimensions from the site 
property line and roadway monument line. Contractor shall identify diameter, type of 
material and type of utility. Contractor shall show the locations of all existing valves and 
structures. 

... 
HI.  Geotechnical Investigation: Contractor shall perform geotechnical 

investigation to determine soil characteristics, excavation and compaction requirements, 
soil bearing capacities, electrical conductivity and other information needed to establish 
design parameters for construction. Contractor shall prepare a report that presents the 
findings and recommendations of the geotechnical investigation. 

iv. Design Report: Contractor shall prepare a draft design report that 
provides a design narrative for the ARF and addresses detailed design criteria that 
includes, but not limited to: chemical dosages, hydraulic loading rates, empty bed 
contact times, backwashing rates and frequencies, type of media, media volumes, 
backwash volumes, tank and vessel capacities, pumping capacities and other related 
process information. Contractor shall provide the maximum pressure drop through the 
ARF throughout the full life-cycle of media. Contractor shall provide calculations to 
confirm the design of the ARF will comply with the Treatment Performance 
Requirements set forth herein. The design report shall also include, but is not limited to, 
design description, equipment selection, performance specifications for all equipment, 
controls description, site improvements and required permits and approvals. Contractor 
shall provide figures and supplemental information including, but not limited to, design 
calculations, site layout, details, process flow schematic, equipment cut sheets with 
name of manufacturer, model numbers and dimensions and weights; list of chemicals 
used in the treatment process and the quantity, concentration, and storage 
requirements for each. 

v. Blend Plan: Contractor shall prepare a draft blend plan for the 
ARF. 

vi. Submittals: Contractor shall submit to Company for review a 30% 
design package that includes, but is not limited to: base map, 30% construction 
drawings, design report, blend plan and geotechnical report. 
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E. 60% Design 

1. Construction Drawings: Contractor shall prepare scaled 
construction drawings that include, but are not limited to, general, civil, mechanical, 
structural, electrical and instrumentation plans, sections and details. Contractor shall 
produce construction drawings in Microstation Version 8i or AutoCad in 2-D format. 

ii. Blend Plan: Contractor shall revise blend plan as required 

iii. Design Report: Contractor shall revise design report as required. 

iv. Technical Specifications: Contractor shall prepare draft technical 
specifications in CSI format. 

v. Submittals: Contractor shall submit to Company for review a 60% 
design package that incorporates Company 30% review comments from the previous 
review and includes, but is not limited to, two (2) hard copies and one (1) CD of the 60% 
construction drawings, design report, blend plan and technical specifications. 

F. 90% Design 

I. Construction Drawings: Contractor shall revise construction 
drawings as required. 

ii. Design Report: Contractor shall revise design report. 

... 
III. Blend Plan: Contractor shall revise blend plan. 

iv. Technical Specifications: Contractor shall revise technical 
specifications as required. 

v. Permits and Approvals: Contractor shall prepare permit and review 
applications required by regulatory agencies. 

vi. Submittals: Contractor shall submit to Company for review a 90% 
design package that incorporates Company 60% review comments from the previous 
review and includes, but is not limited to, two (2) hard copies and one (1) CD of the 90% 
construction drawings, design report, blend plan, technical specifications and permit 
applications. Upon approval from the Company, Contractor shall submit permit 
applications and supplemental materials as required to regulatory agencies for review 
and approval. 

G. 100% Design 
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I. Construction Drawings: Contractor shall finalize construction 

ii. Design Report: Contractor shall finalize design report. 
drawings. 

iii. Blend Plan: Contractor shall finalize blend plan. 

iv. Technical Specifications: Contractor shall revise technical 
specifications. 

v. Permits and Approvals: Contractor shall obtain all permits and 
approvals granted from regulatory agencies. 

vi. Submittals: Contractor shall submit the 100% design package to 
Company that incorporates Company 90% review comments, regulatory review 
comments and includes, but is not limited to: two (2) hardcopy sets of signed and 
sealed full size (24”x36”) plans; two (2) hard copy sets of technical specifications, 
design report, blend plan, permits; and electronic versions of each on CD for in-house 
reproduction needs. 

H. Construction Phase Submittals 

I .  Company requires a minimum of ten ( I O )  working days for each 
submittal review. Contractor shall submit equipment and materials submittals that 
require longer lead times prior to submittals for equipment and materials that require 
shorter lead times. 

ii. Contractor shall submit to Company for review a construction safety 
plan, shop drawings, samples, and engineering data covering all equipment and 
fabricated materials which will become a permanent part of the ARF. Data shall include 
drawings and descriptive information in sufficient detail to show the type, size, 
arrangement, and operation of component materials and devices; external connections, 
anchorages, weights and support required; performance characteristics and dimensions 
needed for installation and correlation with other materials and equipment. Submittals 
in electronic format are preferred. Hard copies, binders and actual samples are 
acceptable when electronic copies are not possible. 

iii. Contractor shall identify any deviations from the approved plans 
and specifications on each submittal. Contractor shall accept full responsibility for the 
completeness of each submittal, and, in the case of a re-submittal, shall verify that all 
exceptions previously noted by Company are addressed. 

iv. Company will not grant extensions of contract time for submittals 

v. Contractor’s letter of re-submittal shall list the date of its original 
submittal letter, Company’s submittal response date(s), and re-submittal dates. 

Treatment Plant - Adsorptive\TechSpecs .Coolidge Well #13 ARF Final 
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vi. Company’s review of drawings and data submitted by Contractor 
will cover only general conformity to the construction drawings and technical 
specifications, external connections, and dimensions which affect the layout. 
Company’s review does not indicate a thorough review of all dimensions, quantities, 
and details of the material, equipment, device, or item shown. Company’s review of 
submittals shall not relieve Contractor from responsibility for errors, omissions, or 
deviations, or responsibility for compliance with the construction drawings and technical 
specifications. 

vii. Contractor shall number submittals by CSI division and sequence 
of submittal and without division by subcontracts or trades (Le., 15000-xxx-xxx). 

I. Construction 

I .  General: Contractor shall mobilize to the site; locate existing 
utilities; prepare site; perform construction staking; construct ARF; perform materials, 
pipe and equipment testing; and perform flushing, disinfection and hydrostatic testing. 

ii. Requests for Information, Change Orders and Pay Requests: 
Contractor shall submit requests for information, change order and payment 
applications to Company in writing. Company will maintain the administrative files and 
logs for the project during construction including submittals, correspondence, payment 
applications, etc. Company will review all Contractor payment applications in 
accordance with Contract documents. Company’s project manager will interface with 
the Contractor and coordinate and delegate construction related questions. Company 
will review and issue all change orders in accordance with the General Conditions of 
Contract. 

... 
III. Inspection: Company will provide on-site representation during 

construction. 

iv. Work Hours: Normal working hours are 8am-5pm Monday-Friday. 
Company may consider working hour exemptions on a case by case basis and will 
provide approval in writing. 

v. Staging: Contractor shall coordinate construction staging locations 
and acquire the required approvals to use such locations. 

vi. Wastewater: Contractor is responsible for capturing and disposing 
of all wastewater generated during construction and for obtaining proper approvals to do 
so. Contractor shall not discharge any water, backwash water, wastewater, or any 
other discharge onto or off the site without written approval from the Company and the 
governing regulatory agencies. 

vii. Grading and Drainage: Contractor shall grade the site to drain and 
compact the subgrade and surface improvements within the limits shown on the 
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Conceptual Site Plan in Exhibit "D". Contractor shall provide a minimum of 8-inches of 
aggregate base course compacted to 95% standard proctor density for the surface 
improvements. 

viii. O&M Manual and Warranties: Contractor shall submit an O&M 
manual for the ARF including, but not limited to: recommended spare parts list, 
equipment warranties, and guarantees for Company for review four (4) weeks prior to 
startup. Company requires a minimum of two weeks to complete its review. Contractor 
shall provide written procedures detailing the ARF start-up, shutdown, backwash, 
operation, control, and monitoring. 

ix. Spare Parts: Contractor shall submit a list of recommended spare 
parts for an operating period of 3 years. The list shall describe each part; include the 
manufacturer's part number, the quantity recommended, vendor to purchase from and 
the unit price of the part. Company may purchase from Contractor all, some, or none of 
the recommended spare parts at the Company's option. 

vii. Testing: Contractor shall notify Company a minimum of 48 hours 
prior to any testing. Contractor shall submit a Field Acceptance Test Report including 
the results of all field tests conducted on the ARF within two weeks of completion of 
each test required. Contractor shall pay for all testing services required. 

viii. Startup and Training: Contractor shall startup the ARF. Prior to 
Contractor's application for the AOC, Company will assist Contractor during startup by 
collecting water quality samples while Contractor runs the ARF to waste. Contractor 
shall conduct operator training consisting of two (2) 8-hour sessions on separate days, 
conduct pre-final walkthrough, prepare punch list of items for correction, and load facility 
with media and chemicals. Contractor shall video tape each training session and 
provide a DVD to the Company. Contractor shall pay for all testing, startup and training 
services. 

ix. Project Closeout: Contractor shall correct all deficiencies, 
demobilize from site, submit record drawings, commission the ARF, prepare Engineer's 
Certification of Completion and obtain the AOC and Certificate of Occupancy. 
Contractor shall submit to Company the Certificate of Occupancy, Engineer's Certificate 
of Completion, AOC and record drawings on CD, three (3) hard copies of the O&M 
manual and an electronic copy on CD, and the results of testing. Company will assist 
Contractor during commissioning by collecting water samples as required in ADEQ's 
Initial Start-up Monitoring Form (Exhibit 'IN"). Contractor shall submit record drawings 
drawn in Microstation Version 8i or AutoCAD 2D and signed and sealed by the 
Engineer of Record. 

x. Acceptance of ARF: The Company may accept the ARF after the 
latest of the following: 1) Receipt of the AOC from ADEQ; 2) Receipt of Certificate of 
Occupancy from Pinal County or the City of Coolidge; 3) The Company's written 
confirmation that the ARF meets the Treatment Performance Requirements described 
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herein; or 4) completion of successful commissioning of the ARF 

3. TREATMENT PERFORMANCE REQUIREMENTS 

A. General 

The ARF shall reduce the effluent arsenic level to less than or equal to 
seven (7) micrograms per liter ("pg/L") throughout the full life-cycle of all media. The 
ARF shall maintain or improve the quality of the treated water as it relates to other 
chemical constituents. Contractor shall submit, in writing, all changes to treated water 
quality and their respective impact on the water distribution system for Company 
approval during design. Contractor shall fully mitigate negative impacts to water quality 
or the distribution system in the ARF design. 

B. Design Criteria 

Design flow rates, storage volumes, system pressures, treated water 
quality requirements and other design criteria are provided in Exhibit "E". 

C. Water Quality Data 

Water quality data for Coolidge Well No. 13 is provided in Exhibit "F" 

D. Media Change-Out Contract 

Contractor shall complete and sign a 5-year Media Change-Out Contract, 
extendable at the Company's sole discretion for an additional 5 years (Exhibit "B"). 

4. PROCESS DESIGN REQUIREMENTS 

A. Special Site Conditions 

The ARF shall treat full flow from Well No. 13. Two 0.5 million gallon 
storage reservoirs and a booster pump station are planned for construction on the site 
in the future. 

B. ARF Configuration 

The ARF shall consist of parallel treatment vessels containing one of the 
approved adsorptive media in Exhibit "G". The Contractor shall provide all necessary 
controls, piping, and all other appurtenances. Contractor shall design the ARF for 
expansion in the future. 

C. Media Flux Rate 



Contractor shall design the filter vessels and controls to conform to the 
manufacturer's minimum and maximum recommended media flux rate during all 
operating conditions, but shall not exceed the maximum design media flux rate per 
Exhibit "E" during any operating condition, including during backwash reinjection. 

D. Empty Bed Contact Time 

Contractor shall design the filter vessels and controls in conformance with 
the media and equipment manufacturer's requirements and the minimum empty bed 
contact time per Exhibit "E" during all operating conditions, including backwash 
reinjection. 

E. Bypassing and Blending 

Contractor shall design an ARF bypass with an operator adjustable 
bypass flow rate set point. Contractor shall use Claval control valves to control flow 
rate through the bypass line and ARF. 

F. Backwashing and Recycling 

Contractor shall design the ARF so that the media is backwashed in place 
without removal in accordance with the hydraulic design criteria in Exhibit "E". Manual 
operation of the backwash procedure is required. The Contractor shall design the on- 
site piping to utilize the distribution system as the backwash water source. An on-site 
backwash tank shall capture all backwash water. Sufficient time is required for any 
fines in the backwash water to adequately settle. A backwash recycle pump shall 
transfer water from the backwash tank and blend with the raw well water on the influent 
side of the ARF for treatment. Level controls in the backwash tank shall control the 
operation of the backwash recycle pump but at no time shall the backwash water 
recycle rate exceed 10 percent treated water flow rate. Backwash recycle pump shall 
only operate when the well is operating and water is being treated. 

G. Chemical Feed Systems 

If the chemical feed system only utilizes sodium hypochlorite, 
Contractor will utilize the existing FRP enclosure and provide a sodium hypochlorite 
chemical feed system similar to the example plans provided in Exhibit "K". If, in addition 
to, sodium hypochlorite other chemicals are required for the ARF, Contractor shall 
install each chemical feed pump and chemical storage tank required for the ARF on a 
concrete pad with a shade canopy with side panels to protect from direct sunlight and 6- 
inch containment curb capable of storing a minimum of 10 percent of the tank capacity. 
Contractor shall mount chemical feed pumps and chemical storage tanks on elevated 
concrete pedestals within the containment curb. Contractor shall provide double-walled 
chemical storage tanks for 100% secondary containment. Chemical tanks shall include 
visual and ultrasonic level indicators (see Exhibit "J" for a sample design). All chemicals 
provided for use must conform to NSF 60 standards. Contractor shall provide 
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emergency eyewash and shower in the vicinity of the chemical storage area in 
I accordance ANSI 2358.1 and 29 CFR 191 0.151. 

H. pH Adjustment 

If required to meet the Treatment Performance Requirements, Contractor 
shall provide pH adjustment upstream and/or downstream of the ARF. Effluent water 
quality must match historical pH levels as shown in Exhibit "F". Contractor shall install 
one pH analyzer for each pH injection point. Approved chemicals for pH adjustment 
are: sulfuric acid (93 to 91 percent) and sodium hydroxide (50 percent in summer and 
25 percent in winter). 

I. Programming and SCADA 

The Contractor shall integrate the ARF signals and alarms into the Pinal 
Valley SCADA system. Contractor shall design a SCADA system to send water 
production data, pH data, alarms and any other information as required to the Casa 
Grande office. Contractor shall sub-contract and coordinate all SCADA programming 
with Delta Systems Engineering and all ARF programming with Brown and Caldwell. 

5. ARF COMPONENT DESIGN 

A. Filter Vessels 

I. Design ARF for parallel operation. Make provisions for ultimate 
expansion with vessels of equal size and appurtenances. 

ii. Carbon steel ASME and National Code stamped pressure vessels 
with vertical orientation and minimum vessel pressure rating per Exhibit "E". 

... 
1 1 1 .  Contractor shall line the filter vessel interiors with Carboline 4500s 

(30-40 mil) epoxy coating in accordance with the manufacturer's recommendations. 
Contractor shall coat the filter vessel exteriors in accordance with Company's Water 
Storage Tank Coating Specifications 0-1 2-2 (Exhibit H) or approved equal. 

I iv. Contractor shall subcontract with one of the Company's approved 
inspectors to inspect and approve blasting, coating and condition of vessels prior to 
shipment. Contractor shall pay initial and subsequent re-inspections, if required. 
Contact information Company's inspectors are as follows: 

a. Mr. Greg Sprinkle 
Industrial Inspection and Consulting, LLC 
P. 0. Box 51026 
Phoenix. AZ 85076-1 026 

b. Mr. Patrick Sweeney 
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CSI Services, Inc. 
P. 0. Box 801357 
Santa Clarita, CA 91 380 

v. Manual backwash with manual handwheel operated butterfly valves 
for all service, backwash, and rinse cycles. 

vi. Stainless steel sample ports with for operator monitoring of raw 
water, treated water from each vessel and blended water sample location. 

vi. Three (3) side-mounted media sample ports for obtaining media 
samples for testing. 

viii. Magnetic flow/totalizer meters on each vessel for measuring 
individual instantaneous gallons per minute and total gallons through the system in 
service and in backwash cycles. 

ix. Contractor shall design all internal vessel piping and fittings, 
including the underdrain system and laterals, of Type 316 grade stainless steel. 

x. Contractor shall provide isolation kits at all dissimilar metal 
connections, including stainless steel connections to any other metal, and address any 
dissimilar metal concerns within the vessel to the Company's satisfaction. Welded 
connections between stainless steel and mild steel are not acceptable. 

xi. All vessel penetrations shall have flanged connections. 

xii. Contractor shall provide hub and laterals with support launchers 
attached to vessel or false bottom with nozzles. 

xiii. Contractor shall size internal laterals or nozzles appropriately to 
distribute flow uniformly across the cross sectional area of the filter vessels during 
treatment and backwashing. Contractor shall obtain approval of the treatment vessels, 
internal laterals, and ground support bed designs in writing from the adsorptive media 
manufacturer, filter vessel manufacturer and the Company. 

xiv. Contractor shall design all internal piping and fasteners of Type 316 
stainless steel. Contractor shall powder coat all stainless steel components internal to 
vessel, with exception of the laterals or nozzles. 

xv. Contractor shall design internal laterals appropriately for proper 
operation with all of the approved adsorptive media in Exhibit "G". 

xvi. Contractor shall equip all vessels with air release valves and 
pressure relief valves sized for the maximum flow rate to the vessel. Rupture discs are 
not acceptable. 
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xvii. The adsorptive media manufacturer must state, in writing, if gravel 
under bed is required. The adsorptive media manufacturer, filter vessel manufacturer, 
and the Company must approve the gravel under bed design in writing. 

xviii. Contractor shall provide a hinged access manway on the side and 
hinged inspection hatch on the top. The access manway shall have vertical davit arm or 
similar hinge that will support the weight of the hatch without sagging when opened. 

xx. Contractor shall permanently attach filter vessels to an engineered 
concrete slab. 

xxi. Vessel shall provide a passive cathodic protection system utilizing 
sacrificial anodes to protect the vessels from corrosion. 

B. External Piping 

I. Contractor shall provide external connections that consist of 
flanged pipe connections or restrained flanged coupling adaptors (raw water inlet, 
finished water outlet, backwash feed inlet, and backwash waste outlet). 

a. Manufacturers: 

1) StarFlange Series 3200 
2) 
3) Approved equal 

Romac Industries, Inc. Style RFCA 

ii. Contractor shall provide external aboveground and belowground 
piping that is ductile iron pipe ("DIP") for pipe 3-inches and larger and conforms to the 
Company's Construction Specifications: E-8-1 and Standard Specification Drawings: 
E-9. 

... 
III. Contractor shall provide corrosion protection of the piping from 

corrosive soils and/or stray current based on recommendations provided in the 
g eotech n ica I investigation. 

iv. Contractor shall provide seamless copper external piping for pipes 
smaller than 3-inches that conforms to ASTM B88, Type K, soft temper. Contractor shall 
provide fittings that are compression type per the Company's Construction Specification: 
E-8-1 and Standard Specification Drawings: E-9. 

vi. Contractor shall paint all external above ground pipe and fittings 
with Tnemec or approved equal with an approved tan color determined by the 
Company. 
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vii. Contractor shall inform Company in writing of any conflict in 
specifications, and Company will determine the prevailing specification. 

C. Valves and Appurtenances 

All valves and appurtenances shall conform to the Company's 
Construction Specifications: E-8-1 and Standard Specification Drawings: E-9, unless 
otherwise specified. 

I. Aboveground Manual Butterfly Valves 

a. Contractor shall provide manually actuated butterfly valves 
with hand wheels at aboveground locations for the control of flows for backwash, rinse, 
and normal treatment operations. Contractor shall provide chain wheel actuators on 
valves greater than 5 feet in height above the ground surface. Gate valves are required 
for all isolation and belowground installations. 

b. Manufacturers: 

1) Mueller. 
2) Dezurik. 
3) Pratt 

ii. Pressure Switch High 

a. Contractor shall install high pressure cut-off switches 
between the well discharge head and the inlet of the ARF. 

b. Manufacturers: 

1) Mercoid 

It. Pressure Gauges 

a. Contractor shall install Ashcroft stainless steel pressure gauges 
with 4-inch dials on the ARF inlet, outlet and bypass lines, 
pressure vessels and at all locations as required. 

D. Flow Meters 

I. Contractor shall provide one supply flow meter with remote 
mounted transmitter per filter vessel. 

II. General 

a. Type: Magnetic flow meter conforming to NSF 61 
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b. Materials: 

1) Liner: PTFE (Teflon) 
2) 
3) 

Electronics Housing: Wal Ah, IP67 NEMA4X 
Electrodes: Alloy C-22, bullet nose 

... 
III. Flow rate display indication in gpm and totalized flow in gallons 

iv. Accuracy: +/-0.5% of flow rate or better 

v. End Connection: Flanged 

vi. Manufacturer: 

a. Endress + Hauser - Promag 53P 

E. HDPE Backwash Tank 

I. Contractor shall provide tank of virgin polyethylene resin as 
compounded and certified by the manufacturer, rotationally molded, one-piece 
seamless construction, cylindrical in cross-section and vertical in axis, with a design 
specific gravity of 1.9 and fully conform to ASTM D 1998-04. 

ii. The manufacturer shall mold the top head integrally with the 
cylinder straight shell and the bottom head integrally with the cylinder straight shell. 

... 
III. Resin shall contain a minimum of a UV 8 stabilizer as compounded 

by the resin manufacturer. 

iv. 
and easily accessible manway. 

Contractor shall provide an 18-inch threaded polyethylene, vented 

v. Contractor shall provide all tank fitting attachments with flexible 
couplings or other provisions to allow for movement without rupture or separation of 
connections. Flexible couplings shall allow deflection in all directions per 
manufacturer's requirements. Support all connections larger than 2-inches 
independently from the tank to prevent weight transfer to the tank flange. 

vi. Contractor shall provide an ultrasonic, radar type level transducer 
with antenna and transmitter displaying water level on an LCD screen as manufactured 
by Endress+Hauser Micropilot M FMR231. 

vii. Contractor shall provide tank with clearly marked with 
manufacturer, date of manufacture, and serial number. 
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viii. Contractor shall provide tank with all opening cut edges trimmed 
smooth. 

ix. 
anchorage are not acceptable. 

Uncoated or exposed carbon steel appurtenances, fasteners, or 

x. Contractor shall provide anchor bolts sized by the manufacturer 
and install on engineered concrete slab or other anchoring point approved by the 
Company. 

xi. Contractor shall provide tank with minimum required wall thickness 
for the cylinder sufficient to support its own weight in an upright position without any 
external support. 

xii. Contractor shall provide tank with a sloped floor and side molded 
outlet to provide complete drainage of the tank. 

xiii. Tank shall have a minimum of three (3) lifting lugs integrally molded 
in the cylinder straight shell. Contractor shall provide lifting lugs made of Type 316 
stain less steel. 

xiv. Contractor shall provide a minimum of four (4) tie-down lugs 
Provide tie-down lugs designed to allow tank integrally molded into the top head. 

retention in wind and seismic loading without damage to the tank. 

xv. Contractor shall provide a level and smooth concrete tank pad 
within the tolerances recommended by the tank manufacturer. 

xvi. 
and withdrawal rates expected. 

Contractor shall provide tank that is vented for the material, flow, 

xvii. Design Loads 

a. Contractor shall design to resist both wind and seismic for 
both tank full and tank empty conditions. 

b. The design and provision of adequate an anchorage system 
for the service conditions is the responsibility of the Contractor. 

c. Contractor shall submit design calculations signed and 
sealed by an Arizona registered engineer that are approved in writing by the tank 
manufacturer. 

d. Anchorage systems requiring tank penetrations are not 
accept ab I e. 
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e. Contractor shall provide galvanized carbon steel anchorage 
systems unless otherwise specified. 

xviii. Fittings 

a. Threaded bulkhead fittings are not allowed for connections 
greater than 2 inches in diameter. 

b. Bolted double 150 Ib. flange fittings shall consist of two (2) 
150 Ib. flanges and two (2) 150 Ib. flange gaskets, and the correct number and size of 
all-thread bolts for the flange specified by the flange manufacturer. 

xix. Tank color shall match pipe, vessels and other ARF components. 
Contractor shall provide colors available from manufacturer. 

F. Welded Steel Backwash Tank (Alternate to HDPE Tank) 

I. Contractor shall design welded steel tanks, accessories and 
foundation in accordance with ANSIIAWWA DIOO and build in accordance with OSHA. 

ii. Contractor shall place the tank shell on a concrete footing 
adequately sized to support the tank structure when filled with backwash water. 

iii. Tank walls and roof shall have a thickness designed according to 
submitted engineering calculations in accordance with AWWA DIOO. Minimum steel 
plate thicknesses are as follows: 

a. Walls 114 inch 
b. Roof 3/16 inch 
C. Floor 318 inch 

Contractor shall design self supporting roof without the need for a center column with a 
minimum pitch of I-inch rise to 12-inch run. 

iv. Contractor shall provide tank accessories in accordance with all 
applicable safety and building codes, including AWWA DIOO, Code of Federal 
Regulations, 29 CFR 191 0.27, OSHA and IBC. 

v. Contractor shall provide at a minimum one (1) 24-inch hinged 
manhole near tank base and one (1) 24-inch roof hatch with hinges an, handle, hold 
open device, hasp lock and weather tight seal. 

vi. Contractor shall provide an exterior ladder in accordance with ANSI 
A14.3-Q4 and 29 CFR 1910.27 and in accordance with any other applicable OSHA 
requirement complete with ladder up safety post as manufactured by Bilco, a LAD-SAF 
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flexible cable ladder safety system as manufactured by DBI SALA and a 36-inch side 
swing ladder door. 

vii. Contractor shall provide personal fall arrest system extending from 
the center of the tank to the outer edge of the tank. The personal fall arrest system shall 
allow for safe access to the vent on the tank roof. 

viii. Contractor shall provide an ultrasonic, radar type level transducer 
with antenna and transmitter displaying water level on an LCD screen as manufactured 
by Endress+Hauser Micropilot M FMR231. 

ix. Contractor shall provide flanged pipe connections per ASTM A53, 
Grade B, Type E or S, or ASTM 106, Grade B. 

x. Contractor shall provide Welding Inspectors certified by American 
Welding Society to Standard AWS QC-1-88 with prior inspection experience using 
governing welding codes. Provide Weld Testing Personnel certified to perform 
nondestructive testing (NDT) in accordance with current American Society of 
Nondestructive Testing (41 53 Arlingate Plaza, Columbus, OH 4321 28) Recommended 
Practice No. SNT-TC-1A and all supplements, NDT Level II. 

xi. Contractor shall provide coating in accordance with the Company's 
Water Storage Tank Coating Specifications: 0-1 2-2 (Exhibit "H") or approved equal. 

G. Chemical Feed Systems 

I. General - Contractor shall design, furnish and install NSF/ANSI 61 
compliant chemical feed systems as required, complete with metering pumps, motors, 
drives, meters, calibration chambers, piping, valves, controls and all accessories and 
appurtenances as required for a complete and operable system. 

It. Chemical Pumps 

a. Contractor shall provide Grundfos DDA chemical pumps 
compatible for use with sodium hypochlorite, sulfuric acid, ferric chloride and/or any 
other chemical used. 

b. 
and system pressure. 

Contractor shall size for the appropriate chemical feed rate 

c. Contractor shall provide one (1) duty and one (1) standby 
chemical pump for each application. 

... 
I l l .  Tubing and Conduit 
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a. For liquid chemical service, Contractor shall provide tubing 
compatible with chemicals used in the treatment process. Contractor shall install tubing 
in electrical conduit for ease of installation/replacement, as well as non-pressure rated 
secondary containment. Tubing manufacturer shall confirm chemical compatibility of 
tubing with chemical system being served. Contractor shall provide UV resistant tubing. 

b. Contractor shall provide tubing adequately sized for the flow 
and pressure requirements of this application with the minimum following dimensions 
and pressure rating: 

1) Outside diameter: 3/8 inch 

2) Inside diameter: 1/4 inch. 

3) Pressure Rating at 120" Fahrenheit: 200 psi. 

c. Contractor shall provide 3-inch conduit for chemical tubing 
made of PVC electrical conduit with sweeps instead of elbows. 

d. Contractor shall provide all necessary fittings clamps, and 
adapters for connection of tubing at the chemical metering pump outlet, chemical feed 
point, and any other connections. Contractor shall provide barbed or compression-style 
fittings, specifically designed for use with the tubing being provided, and compatible with 
the service (both with the fluid being carried in pipe and pressure rating). Contractor 
shall provide fittings at locations that are accessible at all times. Do not locate fittings in 
the carrier pipe. Contractor shall construct all connections per the tubing manufacturer's 
recommendations that provides a connection that is equal to or greater than tubing 
pressure rating. Contractor shall ensure that parts and fittings that are in contact with 
the fluid in the tubing are compatible with the chemical being carried. 

e. Contractor shall provide an injector quill with ball valve and 
static mixer at the point of injection of each chemical at an appropriate aboveground 
location. 

iv. Chemical Storage Tanks 

a. Contractor shall provide tanks that are rotationally molded, 
vertical, high density cross-linked polyethylene, one-piece seamless construction, 
cylindrical in cross-section with flat bottoms. 

b. Contractor shall provide tanks that are double walled and 
designed for aboveground, vertical, outdoor installation. Provide tanks manufactured 
from virgin materials. 
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c. Contractor shall provide tanks that are designed to store 
approved chemicals at atmospheric pressure and vented as recommended by the 
manufacturer of the chemicals. 

d. Contractor shall provide tanks equipped with level indicators. 

e. Contractor shall provide tanks sized for a minimum 30 day 
storage capacity. 

f. Contractor shall provide tanks equipped with a restraint 
system composed of the type of metal that compatible with the chemical being stored in 
the tank and designed to meet the proper seismic zone. 

g. Contractor shall provide tank fittings and gaskets that are 
compatible with the chemical being stored as recommended by the chemical 
manufacturer. 

Contractor shall provide tank fitting attachments with flexible 
couplings or other provisions to allow for movement without rupture or separation of 
connections in accordance with the manufacturer's recommendations. Contractor shall 
support all connections larger than 2-inches independently from the tank to prevent 
weight transfer to the tank flange. 

h. 

I. Contractor shall provide an ultrasonic, radar type level 
transducer with antenna and transmitter displaying water level on an LCD screen as 
manufactured by Endress+Hauser Micropilot M FMR231. 

J. Contractor shall provide a reverse float with sight glass for 
installation on each tank. 

k. Contractor shall provide tanks manufactured by: 

1) Poly Processing Company 
2) Snyder 
3) Approved equal. 

I. Tank color shall be tan. Contractor shall provide colors 
available from manufacturer. 

V. Safety Equipment 

a. Contractor shall provide an emergency eyewash and shower 
and locate in the vicinity of the chemical storage area. 

b. Contractor shall provide a first aid kit, protective gear and 
any additional safety equipment as recommended by the chemical manufacturer. 
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H. Backwash Recycle Pumps 

I. Contractor shall provide two Grundfos centrifugal backwash recycle 
pumps (one duty, one standby) with variable frequency drive units. 

II. Contractor shall provide pumps capable of outdoor installation and 
operation. 

... 
I l l .  Contractor shall submit performance curves with design set points. 

I. External Component Paint 

I .  Contractor shall paint all external aboveground pipe and 
components of the ARF a Company approved tan color with the exception of flow 
meters, Cla-Vals, gauges, displays, equipment data plates and equipment identification 
tags. 

6. ELECTRICAL AND INSTRUMENTATION 

A. General 

All electrical components shall comply with the Company's EI&C Design 
Guidelines Technical Specification (Exhibit "M"). Contractor shall submit complete 
electrical instrumentation control schematics, wiring diagrams, load calculations and 
terminal strip information. Contractor shall provide factory pre-wired panels only. 

B. SCADA 

I .  Contractor shall provide and install a complete and functional 
SCADA system with alarms, displays and controls in substantial conformance with 
SCADA controls at the Company's existing ARFs, wells and pump stations. 

II. Contractor shall integrate the Coolidge Well No. 13 Site into the 
existing Pinal Valley SCADA system by replacing the existing radio and PLC with a GE 
I-net II radio and Modicon M340 PLC so all analog values are historized at the Casa 
Grande master SCADA computer (Master Computer). 

... 
I l l .  Contractor shall provide 20% available spare I/O. 

iv. Contractor shall provide runtime and totalized flow values to have 
current day, previous day, current week, previous week, current month, and previous 
month values calculated and displayed locally and at the Master Computer. 

V. Contractor shall send all alarms to the Master Computer for 
operator notification via Win91 1. Alarms include, but are not limited to, high and low 

20 
W \PlO]edS\CG\P\nlnsld~\WA~~b"~ WA\1~4806 Coolldge Well # l 3  ATsenlc Treatment Plant JTW\AgreemenkiPrapasaisiAhachments - Adsorptlve\TechSpecs ~ Adsorptive Coolldge Well #13 ARF Final doGX 
MLM AFH 8 59 AM 6/24/15 



liquid levels, motor high temperature, high and low pressure, equipment/motor failure, 
intrusion and valve sequencing. 

C. Equipment Monitoring 

I .  Contractor shall provide and install one (1) Schneider Electric 15" 
OIT for onsite SCADA monitoring and control. 

II. The Contractor shall provide the necessary software and 
programming to monitor and control the following equipment and processes: 

a. One well pump including all phase voltage, current, and 
power readings from the existing Motor Saver 777 Ethernet base power quality meter; 
local/remote, auto/manual, run/stopped, alarm, fail-to-run, and start/stop count; one (1) 
Cla-Vals and well discharge flow meter. 

b. ARF influent flow meter, bypass flow meter, backwash flow 
meter, bypass flow control valve with operator adjustable set points, influent pressure, 
and effluent chlorine and pH levels. 

c. Backwash tank level and backwash recycle pump 
run/stopped, alarm, fail-to-run. 

d. Each chemical feed system shall include injection pump 
operator adjustable chemical dosing rate set point, run/stopped, alarm, fail-to-run 
(display only), tank level indication and set points. 
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Exhibit "B" 

Media Change-Out Agreement and Proposal Contract 
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ARIZONA WATER COMPANY 
INPUT DIVISION INFORMATION 

DIVISION ADDRESS PROPOSALKONTRACT 
Pinal Valley 

SYSTEM 

CON TRACT0 R 
W A  No(s) 

1-4806 ADDRESS 
BID DUE DATE 

Print Name: 

Title: 

Date: 

CITY ST ZIP I I 
an ("CONTRACTOR) SUBMITS this PROPOSALICONTRACT to ARIZONA WATER 

COMPANY, an Arizona corporation (the "Company") to perform the work as specifically described in Attachment "A' hereto, which by this reference is incorporated herein ("Work) 

Print Name: Fredrick K. Schneider, PE 
Title: Vice President - Engineering 
Date: 

l a  

l b  

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

as an independent prime contractor, 

Contractor certifies that it has a complete copy of, and has read understands and accepts, the Company's General Conditions of Contract. and the Company's Construction 
Specifications and Standard Specification Drawings, (the "Specifications"), all of which are attached hereto as Attachment "B". The General Conditions of Contract and 
Specifications are incorporated into this ProposalIContract. Contractor affirms that all work and materials to be furnished or purchased for the Project will be in strict conformance 
with the General Conditions of Contract, Specifications and Drawings. 

Section 2 and 36 in General Conditions of Contract are modified as provided in Attachment "A', and Section 41 of the General Conditions of Contract is replaced in its entirety by 
paragraph 4.3 of Attachment "A. In all other respects the General Conditions of Contract remain in full force and effect 

Contractor represents and warrants that it has satisfied and complied with the provisions of Section 6, Contractor Understands Work and Working Conditions, of the General 
Conditions of Contract prior to submitting this ProposalIContract. 

Contractor represents that this ProposallContract is fair and honest in all respects, is submitted in good faith and is not submitted in collusion with any other company, entity or 
person. 

Contractor acknowledges that one hundred percent (100%) Performance and Payment Bonds are required and must be provided to the Company prior to the commencement of 
work. 

Prior to the commencement of Work, Contractor will submit to the Company a list of all materials to be used in the Project The materials list will include the manufacturer. part 
number, price and quantity included in this ProposallContract 

Contractor will furnish all labor, tools, equipment and materials required to complete the Work according to this ProposalIContract and the General Conditions of Contract and 
Specifications No materials purchased by Contractor to be incorporated into the Project are subject to tax at the time of purchase and Contractor will not charge the Company for 
any such tax. Contractor will pay the applicable transaction privilege tax (the "Contracting Tax") on the Work after Contractor receives payment of the final invoice from the 
Company. The cost of materials incorporated into the Work which are exempt by Arizona Revised State Statues ("A.R.S.") from the Contracting Tax, for example, pipes or valves 
having a diameter of four (4) inches or larger, including equipment, fittings and any other related part that is used in operating the pipes or valves (A.R S. $42-5061 B.6 ) ,  will not be 
included in the total cost of the labor and materials upon which the Contracting Tax is computed. Contractor retains full liability and obligation to pay the Contracting Tax and will 
defend and indemnify the Company against any demand or obligation to pay the Contracting Tax. 
Contractor will maintain detailed accounting records of all materials purchased and incorporated into the Work. Such records will include all supporting original vendor invoices for 
all materials purchased. Following completion of the Work, Contractor will submit an itemized accounting to the Company which will include all supporting original vendor invoices 
and satisfactory evidence of payment thereof The Company will not pay Contractor for materials not actually incorporated into the Work, and the disposition of such materials will 
remain Contractor's responsibility. 

The Estimated Total Cost of the Work, shown on Page 2, is based on estimated labor and material quantities to be furnished It includes an estimate of the Contracting Tax and the 
cost of the required Performance and Payment Bonds. Contractor will not cancel, modify or withdraw this ProposalIContract during a ninety-day (90) period commencing on the Bid 
Due Date. The Company may accept this ProposalIContract by signing and mailing, or otherwise delivering. a copy hereof to Contractor during such ninety-day (90) period. If the 
Company does not accept this ProposallContract during such ninety-day (90) period, Contractor may cancel this ProposalIContract by giving written notice of cancellation to the 
Company 
Prior to the commencement of the Work, Contractor will provide the Company with a detailed construction schedule, in either Gantt or CPM form, identifying all tasks to be 
performed from the date of the written Commencement Notice through completion of the Work, including testing, training of Company Personnel and the final Project invoice. 

Contractor will not commence the Work until the Company gives Contractor a written Commencement Notice. Contractor will complete the Work within the time specified in 
Section 5 of Attachment A. 

Following the Company's written notice of satisfactory completion of the Work, and upon receipt of the final invoice from Contractor, the Company shall pay Contractor the actual 
total cost of the Work, which will be calculated as shown on Page 2, except that actual labor and material quantities installedlconstructed will be substituted for the estimated labor 
and materials quantities and the Contracting Tax will be recalculated based on such actual labor and materials quantities 

The Company may deduct from the Company's payment of the final invoice the amount of applicable liquidated damages if Contractor does not deliver or perform within the time 
limit shown in Paragraph 10. This provision shall not limit the Company's ability to terminate this ProposalIContract for Contractor's unsatisfactory performance or failure to perform 
as provided in the General Conditions of Contract. Specifications or Drawings. or in this ProposallContract. 

This ProposalIContract shall continue until , unless terminated earlier as provided in paragraph 14, (the "Term"). 

14 The Company. at its option may terminate this ProposalIContract at any time prior to the end of the Term upon thirty (30) days notice to Contractor 
SPECIAL CONDIT IONS:  

ICoNflACToK PROPOSALICONTRACT ACCEPTED: 

IARIZONA WATER COMPANY 
By: By: 
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ARIZONA WATER COMPANY 

INPUT DIVISION INFORMATION 
DIVISION ADDRESS 

DIVISION PHONE NUMBERS 

CONTRACTOR 

AZ CONTRACTOR LICENSE NO CLASSIFICATION 

ADDRESS 

CITY ST ZIP 

PROPOSAL/CONTRACT 
bYb I t M  

Pinal Valley 
W A  No(s) 

1-4806 
BID DUE DATE 

BID BOND REQUIRED 

Yes No 

1-2. MATERIALS EXEMPT FROM CONTRACTING TAX (per Paraqraph 6) QUANTITY 

Media Change-Out Contract per Attachment "B" 1 

LABOR 

-1- 
3 Total Labor to Install Exempt Materials (add the amounts in column 1) 

4 Total Exempt Materials (add the amounts in column 2) 

MATERIALS LABOR MATERIALS 

I - 
~ 

L 

E 
F 

. . . . . . . . . . .  3 1  

5-6. NON-EXEMPT MATERIALS ~~ QUANTITY LABOR ~ MATERIALS LABOR MATERIALS 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-~ 
-- 

7. Total Labor to Install Non-Exempt Materials (add the amounts in column 5) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
8. Total Non-Exempt Materials (add the amounts in column 6 )  

9. Subtotal A (add lines 3, 7 and 8) 

IO. Contracting Tax Base (multiply the amount on line 9 by 0.65) 

11. Applicable Contracting Tax Rate 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
.................................................................... 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

12. Contracting Tax (multiply the amount on line 10 by line 11) 
13. Subtotal B (add lines 4, 9 and 12) 

14. 100% Performance and Payment Bonds Cost 

15. Estimated Total Cost (add lines 13 and 14) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

NOTE The Estimated Total Cost includes all labor and materials for backfill, pavement replacement, chip seal, and traffic control necessary for the Project 

Att B1 - E-3-11-5.6 Proposal Contract - Media Change Out 16/24/2015 
Page 2 
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Attachment "A" 

Coolidge Well No. 13 Site 
Media Change-Out Contract 

The Company's Coolidge Well No. 13 is equipped with an adsorption media 
treatment system (the "Facilities") used to reduce the concentration of arsenic (the 
"Contaminant") to ensure that the water from Well No. 13 complies with Safe Drinking 
Water Standards. 

The Facilities are located at 2107 W. Vah Ki Inn Road, Coolidge, AZ 85128 
('Site''). 

2. Removal and Replacement of Used Media. 

As more specifically set forth below, Contractor will provide all equipment, 
material and labor necessary and appropriate to remove and replace the used media in 
the Facilities ("Media Change-Out"). Used media may contain arsenic and other 
substances. 

2.1 Characterization and Classification of Used Media. 

Contractor shall obtain from the Site a representative sample of the used 
media. Contractor will obtain a laboratory analysis of the used media using a method of 
analysis approved by the United States Environmental Protection Agency or State of 
Arizona. Such analysis must be performed by an Arizona Department of Health 
Services certified laboratory. Contractor will use the laboratory results to complete all 
characterization, classification and documentation required by all regulatory agencies. 
Characterization, classification and documentation shall be conducted in accordance 
with all federal, state, and local requirements. Contractor will provide, or arrange for its 
laboratory to provide copies of the test results to Company within three (3) days of 
Contractor's receipt of such test results. Company will provide the following information 
to Contractor at the time of Media Change-Out: 

A. Flow totalizer readings at the time of initial media installation or 
previous Media Change-Out. 

B. Flow totalizer reading at time the Facilities are removed from 
service for current Media Change-Out. 

C. Most recent laboratory test results for the Contaminant. 

2.2 Removal of Used Media from the Vessels 

1 



Contractor will make the necessary arrangements to remove the used media. 
Contractor will use a vacuum extractor to remove all used media from the vessels and 
thoroughly clean out the backwash tanks. Contractor will remove all residual media 
from the vessel by spraying residual media off the sides of the vessel and interior of the 
backwash tank with a hose. Contractor shall handle and dispose of all water used at 
the Site during the removal of the used media, in compliance with all applicable laws 
and regulations. No water will be discharged onto or from the Site. After each vessel 
and backwash tank is cleaned, Contractor will notify Company that the vessels and 
backwash tanks are clean and ready for inspection. Contractor will clean up any spilled 
media and restore the Site to its original condition. 

2.3 Packaging, Transportation and Disposal of Used Media 

Contractor will remove, package, transport and dispose of the used media 
from the Site in compliance with all applicable federal, state and local laws, regulations 
and standards. Contractor will transport and dispose of used media in a disposal facility 
that is expressly authorized to receive used media. Contractor will provide waste 
manifests and all other waste documentation required under all laws applicable to the 
used media to Company within thirty (30) days of the date the used media is removed 
from the Site or with Contractor's Approval to Bill, whichever is earlier. No payments will 
be made to Contractor before Company receives all required documentation. 

2.4 Inspection of the Vessels. 

Contractor will inspect the interior of each vessel, distribution laterals and 
nozzles of the empty vessels upon each Media Change-Out at no additional cost to 
Company. Contractor will enter each vessel and visually inspect the interior of the 
vessel, including the distribution laterals and nozzles, after removing the used media 
from the vessel per Section 2.2. Contractor must comply with all applicable confined 
space entry requirements established by the Occupational Safety and Health 
Administration or other governing agencies with jurisdiction over Contractor's work. 
Contractor will identify any corrosion, accumulation of scale or other buildup that may be 
present inside the vessels or backwash tanks during its inspection. If Contractor finds 
any clogged or obstructed distribution laterals or nozzles, Contractor will immediately 
notify Company. The Company will be present or available by telephone during the 
inspection. Company may choose to repair or replace internal components prior to the 
replacement of the media. Company will separately negotiate the price and terms of 
such repairs or replacements of distribution laterals, nozzles or coating, if any, directly 
with Contractor or others. Within fifteen (15) days after the Media Change-Out is 
completed, Contractor will submit a written report to Company for each inspection 
completed. Contractor will not charge Company for any stand-by costs incurred while 
Company completes the repairs or replacements. 

Contractor will supply all tools, labor, and equipment necessary to inspect 
the vessels and backwash tank at its own cost. Contractor is responsible for 
determining the details of vessel entry and access at the Site prior to commencement of 
the Work. Contractor must properly reinstall any part(s) removed to gain entry or 

2 
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access to the vessels after completing its inspection and restore the vessels to working 
order. 

2.5 Replacement of Used Media. 

After Contractor removes used media and the vessels are determined to 
be in good condition or after repairs have been completed, Contractor will load new 
media into the vessels. 

Contractor will load new media into each 
empty vessel in accordance with all applicable manufacturer recommendations, 
specifications and warranty requirements. Contractor will provide any necessary hoses, 
pumping equipment and piping for water needed to load or rinse any new media. 
Contractor must take all necessary precautions to prevent spills of used media, liquid, or 
new media. 

2.6 Disinfection and Coliform Testing. 

After completing the inspection and all necessary repairs, Contractor shall 
notify Company when vessels are ready for disinfection. Contractor will disinfect all 
vessels to comply with the Company's requirements. Contractor must document and 
verify adequate disinfection of all media and vessels. Contractor shall place the 
Facilities back in service when authorized by Company. 

3. Water Quality. 

After Contractor completes a Media Change-Out, Contractor will return Facilities 
to full operation and all water produced by the Facilities must comply with the Water 
Quality Specification in 4.3.C. Contractor further warrants and guarantees that its 
performance under this Proposal/Contract will at all times comply with the terms and 
provisions of the Media Performance Guarantee described below. 

4. Modifications to the General Conditions of Contract. 

4.1 Section 2, "Bonds", is modified as follows: 

Contractor shall furnish Company with a performance bond and a material 
payment bond in the amount of $200,000 in a form and from a surety acceptable to 
Company. 

4.2 Section 36, "Working Hours", is modified to include the following: 

Work shall only be performed between the hours of 8 a.m. and 4 p.m., 
Monday through Friday, unless otherwise authorized by the Company in writing. 

4.3 In addition to all implied or expressed warranties and guarantees, whether 
set forth in the General Conditions of Contract or otherwise: 

3 
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Contractor also provides a Media Performance Guarantee (defined 
below), which guarantees that the adsorptive media ("Media") it provides and loads into 
the Facilities will remove arsenic to a concentration less than or equal to 7 micrograms 
per liter. Contractor further guarantees that Media shall continue to remove arsenic to 
comply with the Water Quality Specification for a minimum volume of water treated of 
not less than gallons ("Media Performance Guarantee"). In the event 
that the Media does not treat the minimum volume of water before a Media Change-Out 
is required, Contractor will provide a prorated savings ("Discount") on the future 
purchases and installations of Media for use in the Facilities for the Term. At its sole 
discretion, Company may require Contractor to pay Discount in cash in lieu of future 
Media purchases. In the event that Contractor proposes a new, improved, or different 
Media that would have a performance benefit to Company over the present Media, 
Contractor will offer such new, improved, or different Media at an equal Discount, if 
accepted by Company. 

Wells 

Design Parameters for Media Performance Guarantee: 

Media 
Media Perform an ce 
TY Pe Guarantee, 

Total Media Media 
Volume, cubic Change-Out 

feet Fee Gallons 

A. Company's Coolidge Well No. 13 supplying the Facilities 

Coolidge Well No. 13 

B. Total Flow - 800 gpm 

$ 

C. Treatment Requirement - Treated water arsenic concentration less 
than or equal to 7 micrograms per liter. 

D. Configuration - Vessel(s) in parallel 

E. Pretreatment - Chlorination with liquid sodium hypochlorite 
("N aOC I") 

F. -ft. diameter vessel with cubic feet of Media 

G. Company and Contractor agree that the raw water quality set forth 
below is representative of the water being treated in the Facility. This water quality is 
the basis for the media Performance Guarantee. Variances greater than ten percent 
(10%) above these values (or +0.3 pH units) may result in recalculation of the Media 
Performance Guarantee. In such event, Company and Contractor will meet and confer 
and mutually agree to such recalculated Media Performance Guarantee. Contractor 
bears the responsibility to demonstrate the impacts to the Media Performance 
Guarantee. 

4 
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I n organ ics 

Arsenic 
Arsenic Ill 
Arsenic V 
Cadmium 

Concentration 
(mg/L - unless stated otherwise) Date 

28-Sep-09 0.020 
23-Aug-1 1 0.004 
19-Oct-11 0.01 13 
08-Aua-07 < 0.0002 

Calcium 
Calcium Hardness as CaC03 
C hrom i um 

23-Aug-1 1 58 
23-Aug-1 1 144 
23-Aua-11 0.012 

Iron 
Lead 
Magnesium 
Manganese 
DH 

17-Oct-11 ~ 0 . 0 5  
08-Aug-07 0.008 
25-May-I 1 7 
25-May-I 1 0.02 
08-Oct-07 8 

Phosphate 
Selenium 
Silica, Total 

If the treated water arsenic concentration from the treatment 
vessels exceeds 9 micrograms per liter before the media treats gallons, 
Contractor will replace the Total Media Volume stated above at the current Media 
Change-Out Fee less the Discount, as set forth by the following formula: 

19-Oct-11 < 0.15 
25-May-I 1 0.005 
23-Aug-1 1 31.8 

Discount equals Media Change-Out Fee multiplied by 
[(Media Performance Guarantee (gallons) minus 

Actual gallons of water treated) divided by 
M ed i a Perform an ce G u a ra n tee (g a I I o n s)] 

Sulfate 
Sulfide, Total 

Example of Discount Calculation 

25-May-I 1 234 
25-Mav-11 0.04 

Media Change-Out Fee = $77,925.00 
Media Performance Guarantee = 67,200,000 gallons 
Actual quantity of water treated = 60,000,000 gallons 

Discount = $77,925.00 x [(67,200,000 - 60,000,000)/ 67,200,0001 
Discount = $8,349.1 1 

Total Alkalinity as CaC03 

Total Sumended Solids 
Total Phosphorous 

5 

17-Oct-11 85 
19-Oct-11 0.02 
19-Oct-11 < I  
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Turbidity (NTU) 
Van ad i u m 
Uranium (pci/L) 

23-Aug-1 1 1.00 
13-Oct-09 0.024 
23-Aug-11 6.8 +/- 1.1 



If Contractor replaces any Media pursuant to this Media 
Performance Guarantee or otherwise, such replacement Media will also be guaranteed 
under the Media Performance Guarantee throughout the Term. Contractor will credit or 
deduct the full amount of the Discount provided by the Media Performance Guarantee 
from the final invoice. 

5. Time for Performance. 

Contractor will perform its obligations under this Agreement in a diligent, lawful, 
prompt, timely, and professional manner. Company will monitor the water quality of 
water produced from the Facilities and will notify Contractor when a Media Change-Out 
is required. 

Contractor will provide Company with a written schedule for Media Change-Out 
within five (5) business days of receipt of Company's notice. Contractor will coordinate 
the Media Change-Out by contacting Company's Division Manager at the following 
address: 

Arizona Water Company 
220 East 2nd Street 
Casa Grande, AZ 85122 
Attn: Manager 
Phone: 520-836-8785 
Fax: 520-836-2850 

Contractor must complete any Media Change-Out within fifteen (15) days of 
receipt of notice to perform a Media Change-Out, but no later than two (2) days after 
starting any Media Change-Out. 
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Exhibit “C” 

Site Survey 
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Exhibit "D" 

Conceptual Site Plan 
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Exhibit "E" 

Design Criteria 
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Exhibit "E" 

Design Criteria 

1. ARF Design Capacity: 

a. Initial: 

b. Build-Out: 

2. Arsenic Concentration: 

a. Influent: 

b. Maximum Blended Effluent: 

3. Number of Vessels: 

4. Vessel Orientation: 

5. Well No. 13 Pump Capacity: 

6. Minimum Pipe Hydrostatic Testing Pressure: 

7. Minimum Pressure Vessel Rating: 

8. Minimum Empty Bed Contact Time: 

9. Maximum Flux Rate: 

I O .  Backwash Rate: 

11 .Available Backwash Supply Flow Rate: 

12. Maximum Pipe Velocity: 

13. Maximum Headloss through ARF: 

14. Minimum Backwash Tank Capacity: 

800 gpm 
(plus max 10% recycled water) 

2,400 gpm 
(plus max 10% recycled water) 

20 pg/L 

7 W L  

2 

Ve rtica I 

800 gpm 

200 psi 

150 psi at 1 20°F 

3.5 minutes 

6 gpm/sf 

12 gpmlsf 

920 gpm @ 
32 psi dynamic; 62 psi static 

5 fps 

10 psi 

1.5 X Backwash Volume 
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Exhibit "F" 

Water Quality 
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ARIZONA WATER COMPANY 
COOLIDGE WELL NO. ~~ 13 WATERQUALITY DATA 
7 ~. ~ _ _ _ ~ ~  

Contaminant Sample Date 
Result 

(mg/L unless stated otherwise) 
Arsenic 
Arsenic 
Arsen ic 

20-Sep-09 
28-Sep-09 
10-May-10 

0.016 
0.0177 
0.0079 

Arsenic 25-May-11 0.0152 
Arsenic 
Arsenic 
Arsenic 

30-Jun-11 
06-Jul-11 
23-Aug-11 

0.0098 
0.011 
0.014 

Arsenic 18-Oct-11 0.014 
Arsenic 19-Oct-11 0.014 

Arsenic Ill 25-M a y-11 0.004 
Arsenic Ill 23-Aug-11 0.004 
Arsenic Ill 18-Oct-11 0.0035 
Arsenic Ill 19-Oct-11 0.0027 

Arsenic U 18-Oct-11 0.0105 
Arsenic U 19-Oct-11 0.0113 

Cadmium 
Cadmium 
Cadmium 

08-Aug-07 
25-May-11 
23-Aug-11 

< 0.0002 

< 0.0001 
< 0.0001 

Calcium 
Calcium 
Calcium 
Calcium 

08-Aug-07 
25-M a y-1 1 
2 3-Aug- 11 
18-Oct-11 

47 
56 
58 
57 

Calcium Hardness as CaC03 
Calcium Hardness as CaC03 
Calcium Hardness as CaC03 

08-Aug-07 
25-May-11 
23-AUE-11 

117 
141 
144 

Chromium 08-Aug-07 0.007 
Chromium 25-May-11 0.012 
Chromium 23-Aug-11 0.012 

Iron 13-Oct-09 < 0.05 
Iron 25-M a y-11 < 0.05 
Iron 2 3-Aug- 11 < 0.05 
Iron 18-Oct-11 < 0.05 
Iron 19-Oct-11 < 0.05 

*oiects\CG\PV\lnside\WAWctive WA\I  -4806 Coolidge Well #I 3 Arsenic Treatment Plant JTW\Aqreements\ProposaIs\Attachments - w: 
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W 

Contaminant 

ARIZONA WATER COMPANY 
COOLIDGE WELL NO. 13 WATER QUALITY DATA 

---- ~ 7 ~o&pbti* ~- ~ - 

Result 
(mg/L unless stated otherwise) 

Sample Date 

Lead 
Lead 
Lead 

08-Aug-07 
2 5-M a y-11 
23-AUE-11 

0.008 
< 0.001 
< 0.001 

Magnesium 08-Aug-07 5 
Magnesium 2 5-M a y-11 7 

Manganese 13-Oct-09 < 0.02 
Manganese 2 5-M a y-11 < 0.02 

08-Aug-07 
17-Oct-11 
18-Oct-11 
19-Oct-11 

8 
7.8 
7.9 
7.8 

Phosphate 
PhosDhate 

13-Oct-09 
19-Oct-11 

< 0.15 
< 0.15 

Selenium 
Selenium 
Selenium 

08-Aug-07 
25-M a y-11 
23-AUE-11 

< 0.002 
0.005 
0.003 

Silica, Total 
Silica, Total 
Silica, Total 

13-Oct-09 
25-May-11 
2 3-Au~- 11 

27.9 
30.5 
31.8 

Sulfate 
Sulfate 
Sulfate 

08-Aug-07 
25-May-11 
23-AUE-11 

200 
234 
212 

Sulfide, Total 25-Mav-11 < 0.04 

Total Alkalinity as CaC03 
Total Alkalinity as CaC03 
Total Alkalinity as CaC03 
Total Alkalinity as CaC03 
Total Alkalinity as CaC03 
Total Alkalinity as CaC03 
Total Alkalinitv as CaC03 

08-Aug-07 
13-Oct-09 
25-May-11 
23-Aug-11 
17-Oct-11 
18-Oct-11 
19-Oct-11 

83 
73 
77 
75 
85 
77 
76 
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I 1 ARIZONA WATER COMPANY 
COOLIDGE W ELLNO:-13 WATER QUALITY DATA 

7 - ~~ 
~- -~ 

i 
Contaminant Result 

(mg/L unless stated otherwise) 
Sample Date 

Total Phosphorous 
Total Phosphorous 

13-Oct-09 
19-Oct-11 

< 0.05 
0.02 

13-Oct-09 

Uranium 25-May-11 4.9 +/- 1.0 pci/L 
Uranium 23-Aug-11 6.8 +/- 1.1 pci/L 
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Exhibit "G" 

Approved Adsorptive Media 
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Exhibit "G" 

Approved Adsorptive Media 

Media Requirements 

1. Adsorptive media shall be discardable as solid waste in a RCRA subtitle D (non- 

hazardous) landfill when saturated and pass all TCLP tests. 

2. Adsorptive media shall be a durable, attrition resistant media suitable for 

backwashing and removal of Arsenic. 

Approved Manufacturers 

1. Severn Trent - Bayoxide E-33 Granular Ferric Oxide 

2. Evoqua - GFH 
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Exhibit "H" 

Arizona Water Company Water Storage Tank Coating 
Specifications 0-1 2-2 



A R I Z O N A  WATER COMPANY 

0- 1 2-2 
WATER STORAGE TANK COATING SPECIFICATIONS 

DEFINITIONS 

A. Company - The words "Company" or "Arizona Water Company" mean Arizona Water 
Company and, where applicable, any division of Arizona Water Company, whose principal place 
of business is located at 3805 North Black Canyon Highway, Phoenix, Arizona 85015-5351 
(Post Office Box 29006, Phoenix, Arizona 85038-9006). 

B. Company's Authorized Representative - The words "Company's Authorized 
Representative" mean any officer of the Company, any Division Manager and/or such other 
person(s) designated in writing as the "Company's Authorized Representative" by the President 
or any Vice President of the Company. 

C. Contractor - The word "Contractor" means either an individual or other entity 
contracted with to provide the services detailed in the Contract and as specified herein. 

D. Contract - The word "Contract" means the written document titled "Contract" when 
such document has been signed by an officer or other authorized representative of both the 
Contractor and the Company. 

E. 
the Company's Operating Order 0-1 2-3 in the Company's Operating Memorandums. 

General Conditions of Contract - The words "General Conditions of Contract" refer to 

F. 
Certified NACE I l l  inspector hired by the Company to inspect coatings on water storage tanks. 

lndependent Coating Inspector - The words "lndependent Coating Inspector" mean any 

1. GENERAL 

These specifications identify the material and workmanship necessary to produce a 
quality coating system. All work shall be completed in a safe, workmanlike manner in strict 
accordance with : 

a. Product manufacturer's instructions 
b. 
C. 

d. 

e. 

f. 
g. SSPC-SP1 - Solvent Cleaning 

General Conditions of Contract (E-4-1) 
American Water Works Association Standard AWWA C652 
Applicable sections of ANSVAWWA D102-11, "Standard for Coating Steel Water 
Storage Tanks" 
ANSVAWWA D101-53 (R86), "Standard for Inspecting and Repairing Steel Water 
Tanks, Standpipes, Reservoirs, and Elevated Tanks, for Water Storage" 
ANSllNSF Std. 61, Section 5, "Protective (Barrier) Materials" 

SSPC-SP2 - Hand Tool Cleaning 
SSPC-SP3 - Power Tool Cleaning 
SSPC-SP5 -White Metal Blast Cleaning 
SSPC-SP6 - Commercial Blast Cleaning 
SSPC-SP7 - Brush-off Blast Cleaning 
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8130113 
THH 

0-12-2-2 
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SSPC-SPIO - Near White Metal Blast Cleaning 
SSPC-SP1 1 - Power Tool Cleaning to Bare Metal 
SSPC-SP12 - Hydroblasting 
SSPC PA2 -Dry Paint Thickness with Magnetic Gauges 
SSPC-Guide 7 - Guide for the Disposal of Lead-Contaminated Surface 

h. 
I. Debris 

2. QUALITY OF PAINT 

The protective coatings identified in these specifications are set up as standards of 
quality. The standard "or equal" clause shall apply. 

No substitution shall be considered unless the Company's Authorized Representative 
has received a written request for approval at least ten (IO) days prior to the date for receipt of 
bids. Each such request must include: (a) the name of the specified material for which a 
substitution is being requested; (b) the name and number of the proposed substitution material; 
(c) a complete description of the proposed substitute, including performance and test data; and 
(d) any other information necessary for an evaluation. The burden of proof of the merit of the 
proposed substitute is upon the contractor. Approval or disapproval of the proposed 
substitution rests solely with the Company's authorized representative and his decision shall be 
final. 

Protective coatings for interior wet applications must be listed by NSF International as 
approved for potable water contact according to ANSVNSF Std. 61, Section 5, "Protective 
(Barrier) Materials." 

The Contractor shall be responsible for assuring that all materials are delivered to the 
job site in the original sealed and labeled containers of the protective coating manufacturer. All 
material on the job shall be subject to inspection by the Company's Authorized Representative. 

The Company's Authorized Representative shall select colors not previously specified. 

3. SPECIAL PROVISIONS 

The Contractor shall be responsible for completing the removal of all remaining water, 
sediment, rust, etc. that is required prior to surface preparation. All preliminary preparation work 
will be at the Contractor's expense. 

The Contractor shall: 

a. 

b. 
c. Replace all manhole bolts with cadmium-plated or galvanized bolts if the 

d. Replace all gaskets. 

Protect aluminum gauge boards and nametags during sandblasting and painting 
procedures. 
Protect copper lines, light fixtures, valve threads, and electrical boxes. 

Contractor opens a manhole. 

The Contractor shall NOT: 

a. 
b. 

Paint concrete unless otherwise specified. 
Allow the use of silica sand for surface preparation. 



The Contractor shall only mix FULL kits of approved coating. No partial kits will be 
saved or mixed at a later time. 

4. 
CONTRACTOR 

MATERIALS TO BE PROVIDED AND PROCEDURES TO BE FOLLOWED BY THE 

Unless otherwise specified in the contract, the Contractor shall supply all of the 
necessary materials to complete the work. The Contractor shall provide the following materials 
and services: 

a. TANKS WITH EXISTING COATING SYSTEM: Interior Steel - Conventional 
Coating System; Surface Preparation: SSPC-SP 10 Near White Metal Blast Cleaning. 

All abrasive materials shall be thoroughly removed from the surface of the tank in 
accordance with SSPC-SP 10 standards prior to coating. 

Tnemec Coating 

(1) Prime Coat*: Tnemec Series N140-1255 (Beige) Pota Pox Plus**, one 
(1) coat; spray applied; 6 to 8 mils dry film thickness ("DFT'I). 

(2) Finish Coat: Tnemec Series N140-15BL (Tank White) Pota Pox Plus; 
one (1) coat; spray applied; 6 to 8 mils DFT. 

TOTAL DFT: 12 to 16 mils DFT. 

*Weld Seams: All plate weld seams shall receive an additional brushed 
coat of Series N140 Pota Pox Plus in color 15BL (Tank White). This 
application will be made after the full prime coat. Additionally, brush 
coating shall be applied on all welds, corners, nuts, bolts, edges, or other 
i rreg u la r s u rfaces . 

**Tnemec Series N140 Pota Pox Plus FC (fast cure) may be substituted 
for Series N140 Pota Pox Plus when conditions warrant. It may be 
beneficial when curing between 35" F and 56" F is required. 

or 

Devoe Coatinq 

(1) Prime Coat*: Devoe Bar-Rust 233H1642 (Buff)**, one (1) coat; spray 
applied; 6 to 8 mils DFT. 

(2) Finish Coat: Devoe Bar-Rust 233 H3501 (White), one (1) coat: spray 
applied; 6 to 8 mils DFT. 

TOTAL DFT: 12 to 16 mils DFT. 

*Weld Seam: All plate weld seams shall receive an additional brushed 
coat of Devoe's Bar-Rust 233H in or 3501 (White) after the full prime coat. 
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Additionally, brush coating shall be applied on all corners, welds, nuts, 
bolts, edges, or other irregular surfaces. 

**Devoe Bar-Rust 233H is a high solids (80%) advanced technology NSF 
International (National Sanitation Foundation) approved epoxy, which can 
be applied at steel temperatures down to 0" F (-18" C). 

or 

Carboline Coatinq 

(1) Prime Coat*: Carbogurard 891 NSF Epoxy; one (1) coat; spray applied; 6 
to 8 mils dry film thickness ('IDFTII). 

(2) Finish Coat: Carbogurard 891 NSF Epoxy; one (1) coat; spray applied; 6 
to 8 mils DFT. 

TOTAL DFT: 12 to 16 mils DFT 

*Weld Seams: All plate weld seams shall receive an additional brushed 
coat of Carbogurard 891 NSF Epoxy. This application will be made after 
the full prime coat. Additionally, brush coating shall be applied on all 
welds, corners, nuts, bolts, edges, or other irregular surfaces. 

b. TANKS WITH EXISTING COATING SYSTEM: Interior Steel - Alternative Floor 
Coating System for Badly Pitted Tank Floors. For floors in existing tanks that are highly 
corroded with severe pitting, the following floor system may be applied after completion of the 
NSF Epoxy system to the roof and shell, subject to prior approval by the Company's Authorized 
Representative. 

Floor Surface Preparation: SSPC-SPIO Near White Metal Blast Cleaning. 

All abrasive materials shall be thoroughly removed from the surface of the tank in 
accordance with SSPC-SPIO standards prior to coating. 

Tnemec Coatinq 

(1) Steel Conditioners: Wet the floor surface and up the wall a few inches 
with a fine mist of Tnemec Series 260 Tnemec-Bond. Allow to evaporate 
and apply the topcoat within four (4) hours. 

(2) Elastomeric Urethane: After mixing according to the manufacturer's 
recommendations, pour out and level with trowels or notched squeegees, 
Tnemec Series 264 Elasto-Shield over the entire floor to DFT of 80 to 100 
mils and bring up the wall to where there is a two- to three-inch (2" to 3") 
overlap on the newly applied epoxy coating system. 

TOTAL DFT: 80 to 100 mils DFT 

or 
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Tnemec Coating 

(1) 100% Solids Epoxy Finish Coat: Apply Devoe's Devran 133 100% Solids 
Epoxy Tank Coating at 80 to 100 mils DFT. 

TOTAL DFT: 80 mils minimum DFT 

or 

Tnemec Coatinq 

(1) 100% Solids: Apply Reactamine 760 NSF 100% Solids Tank Coating at 
80 to 100 mils DFT. 

TOTAL DFT: 80 mils minimum DFT 

C. TANKS WITH EXISTING COATING SYSTEM: Exterior Steel; Level 1 Re-coat: 
For aged epoxyhrethane systems that are in sound shape and where re-coat adhesion is 
assured, the following overcoat system applies: 

Tnemec Coating 

(1) Surface preparation: Remove all dust, dirt, grime, and chalk by power 
washing. 

All rusted, abraded, and exposed steel shall be power tool cleaned to 
bare metal according to SSPC-SP 11. All loose paint shall be removed 
with the same power tools. Feather all edges. Existing runs and chips 
shall be sanded out. 

(2) Spot Prime (exposed metal): Tnemec Series 135 Chembuild or Series 
N140 Pota Pox Plus; one (1) coat; roller, brush, or spray applied, 
overlapping to the feathered areas; 3 to 5 mils DFT. 

(3) Finish Coat: Tnemec Series 73 (spec color) Endura-Shield or Tnemec 
1075 Endura-Shield II; one (1) coat; spray applied; 3 to 5 mils DFT. 

TOTAL ADDITIONAL DFT: 3 to 5 mils DFT 
(on top of existing system) 

or 

Devoe Coating 

(1) Surface preparation: Remove all dust, dirt, grime, and chalk by power 
washing. 

All rusted, abraded, and exposed steel shall be power tool cleaned to 
bare metal according to SSPC-SP 11. All loose paint shall be removed 
with the same power tools. Feather all edges. Existing runs and chips 
shall be sanded out. 
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(2) Spot Prime (exposed metal): Devoe's 233H Bar-Rust one (1) coat; roller, 
brush, or spray applied, overlapping to the feathered areas; at 3 to 5 mil 
DFT. 

(3) Finish Coat: Devoe's Devthane 378 aliphatic Acrylic Urethane (spec 
color), one (1) coat; spray applied; 3 to 5 mils DFT. 

TOTAL ADDITIONAL DFT: 3 to 5 mils DFT 
(on top of existing system) 

or 

Carboline Coating 

(1) Surface preparation: Remove all dust, dirt, grime, and chalk by power 
washing. 

All rusted, abraded, and exposed steel shall be power tool cleaned to 
bare metal according to SSPC-SP 11. All loose paint shall be removed 
with the same power tools. Feather all edges. Existing runs and chips 
shall be sanded out. 

(2) Spot Prime (exposed metal): Carbogurard 891 NSF Epoxy one (1) coat; 
roller, brush, or spray applied, overlapping to the feathered areas; at 3 to 
5 mil DFT. 

(3) Finish Coat: Carbothane 133HB (spec color), one (1) coat; spray applied; 
3 to 5 mils DFT. 

TOTAL ADDITIONAL DFT: 3 to 5 mils DFT 
(on top of existing system) 

d. TANKS WITH EXISTING COATING SYSTEM: Exterior Steel; Level 2 Re-coat. 
If complete removal of the existing system is required, the following overcoat system applies: 

Surface preparation: SSPC-SP 6 Commercial Abrasive Blast Cleaning. 

All abrasive materials shall be thoroughly removed from the surface of the tank in 
accordance with SSPC-SP 10 standards prior to coating. 

Tnemec Coating 

(1) Prime Coat: Tnemec Series N140-1255 (Beige) Pota Pox Plus or 
Tnemec 1075 Endura-Shield I I ;  one (1) coat; spray applied; 4 to 6 mils 
DFT. 

(2) Finish Coat: Tnemec Series 73 (spec color) Endura-Shield Ill; one (1) 
coat; spray applied; 3 to 5 mils DFT. 

TOTAL DFT: 7 to 11 mils. 
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or 

Devoe Coating 

(1) Prime Coat: Devoe's Bar-Rust 235 Epoxy; one (1) coat; spray applied; 4 
to 6 mils DFT. 

(2) Finish Coat: Devoe's Devthane 378 aliphatic Acrylic Urethane (spec 
color); one (1) coat; spray applied; 3 to 5 mils DFT. 

TOTAL DFT: 7 to 11 mils DFT. 

or 

Carboline Coating 

(1) Prime Coat: Carboguard 891 NSF Epoxy; one (1) coat; spray applied; 4 
to 6 mils DFT. 

(2) Finish Coat: Carbothane 133HB; one (1) coat; spray applied; 3 to 5 mils 
DFT. 

TOTAL DFT: 7 to 11 mils. 

e. TANKS WITH NEW STEEL: Exterior steel - Surface preparation: SSPC-SP 6 
Commercial Abrasive Blast Cleaning. 

All abrasive materials shall be thoroughly removed from the surface of the tank in 
accordance with SSPC-SP IO standards prior to coating. 

Tnemec Coating 

(1) Prime Coat: Tnemec Series N140-1255 (Beige) Pota Pox Plus or 
Tnemec 1075 Endura-Shield I I ;  one (I) coat; spray applied; 4 to 6 mils 
DFT. 

(2) Finish Coat: Tnemec Series 73 (spec color) Endura-Shield Ill; one (1) 
coat; spray applied; 3 to 5 mils DFT. 

TOTAL DFT: 7 to 11 mils. 

or 

Devoe Coating 

(1) Prime Coat: Devoe's Bar-Rust 235 Epoxy; one (1) coat; spray applied; 4 
to 6 mils DFT. 

(2) Finish Coat: Devoe's Devthane 378 aliphatic Acrylic Urethane (spec 
color); one (1) coat; spray applied; 3 to 5 mils DFT. 
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TOTAL DFT: 7 to 11 mils DFT. 

or 

Carboline Coatinq 

(1) Prime Coat: Carboguard 891 NSF Epoxy; one (1) coat; spray applied; 4 
to 6 mils DFT. 

Finish Coat: Carbothane 133HB; one (1) coat; spray applied; 3 to 5 mils 
DFT. 

(2) 

TOTAL DFT: 7 to 11 mils. 

f. TANKS WITH NEW STEEL: Interior Steel - Conventional Coating System; 
Surface Preparation: SSPC-SP 10 Near White Metal Blast Cleaning. 

All abrasive materials shall be thoroughly removed from the surface of the tank in 
accordance with SSPC-SP IO standards prior to coating. 

Tnemec Coating 

(1) Prime Coat*: Tnemec Series N140-1255 (Beige) Pota Pox Plus**, one 
(1) coat; spray applied; 6 to 8 mils dry film thickness ("DFTII). 

Finish Coat: Tnemec Series N140-15BL (Tank White) Pota Pox Plus; 
one (1) coat; spray applied; 6 to 8 mils DFT. 

(2) 

TOTAL DFT: 12 to 16 mils DFT. 

*Weld Seams: All plate weld seams shall receive an additional brushed 
coat of Series N140 Pota Pox Plus in color 15BL (Tank White). This 
application will be made after the full prime coat. Additionally, brush 
coating shall be applied on all welds, corners, nuts, bolts, edges, or other 
irregular surfaces. 

**Tnemec Series N140 Pota Pox Plus FC (fast cure) may be substituted 
for Series N140 Pota Pox Plus when conditions warrant. It may be 
beneficial when curing between 35" F and 56" F is required. 

or 

Devoe Coating 

(1) Prime Coat*: Devoe Bar-Rust 233H1642 (Buff)**, one (1) coat; spray 
applied; 6 to 8 mils DFT. 

Finish Coat: Devoe Bar-Rust 233 H3501 (White), one (1) coat: spray 
applied; 6 to 8 mils DFT. 

(2) 
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TOTAL DFT: 12 to 16 mils DFT 

*Weld Seam: All plate weld seams shall receive an additional brushed 
coat of Devoe's Bar-Rust 233H in or 3501 (White) after the full prime coat. 
Additionally, brush coating shall be applied on all corners, welds, nuts, 
bolts, edges, or other irregular surfaces. 

**Devoe Bar-Rust 233H is a high solids (80%) advanced technology NSF 
International (National Sanitation Foundation) approved epoxy, which can 
be applied at steel temperatures down to 0" F (-18" C). 

or 

Carboline Coatinq 

(1) Prime Coat*: Carbogurard 891 NSF Epoxy; one (1) coat; spray applied; 6 
to 8 mils dry film thickness ("DFT"). 

(2) Finish Coat: Carbogurard 891 NSF Epoxy; one (1) coat; spray applied; 6 
to 8 mils DFT. 

TOTAL DFT: 12 to 16 mils DFT 

*Weld Seams: All plate weld seams shall receive an additional brushed 
coat of Carbogurard 891 NSF Epoxy. This application will be made after 
the full prime coat. Additionally, brush coating shall be applied on all 
welds, corners, nuts, bolts, edges, or other irregular surfaces. 

5. TANK REPAIRS PRIOR TO TANK COATING/PAINTING 

The Contractor is required to notify the Company's Authorized Representative on a 
timely basis when tank repairs are necessary, and to identify the nature and extent of repairs 
that are required. 

If repairs to the tank are necessary, the Contractor shall be responsible for coordinating 
all such repairs, and shall request a change order from the Company's Authorized 
Representative before initiating such repairs as required in the General Conditions of Contract. 

All repairs are to be made according to ANSVAWWA D101-53 (R86), "Standard for 
Inspection and Repairing Steel Water Tanks, Standpipes, Reservoirs, and Elevated Tanks, for 
Water Storage." 

The Company will not allow the Contractor to alter the structure of the tank. 

6. SURFACE PREPARATION - DEBRIS CONTAINMENT AND DISPOSAL 

When required by Federal, State, or local regulation, the Contractor shall enclose the 
Refer to SSPC-Guide 6, entire tank and structure and contain surface preparation debris. 

"Guide for Containing Debris Generated During Paint Removal Operations." 
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The Contractor shall dispose of all surface preparation debris according to applicable 
Federal, State, and local regulations. Refer to SSPC-Guide 7, "Guide for the Disposal of Lead- 
Con ta m i na ted S u rfa ce Debris . " 

Worker protection and environmental protection shall be followed in accordance with the 
following Federal Regulatory Standards and other applicable Federal, State, or local 
regulations: 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
I O .  
11. 

29 CFR 1910 - OSHA General Industry Standards 
29 CFR 191 0.134 - Respiratory Protection 
29 CFR 191 0.1000 - Air Contaminants - Permissible Exposure Limits 
29 CFR 191 0.1020 - Employee Access to Exposure and Medical Records 
29 CFR 1926 - OSHA Construction Industry Standards 
29 CFR 1926.59 - Hazard Communications 
29 CFR 1926.62 - Lead Exposure in Construction; Interim Final Rule 
40 CFR 261 - Identification and Listing of Hazardous Waste 
40 CFR 262 - Standards Applicable to Generators of Hazardous Waste 
40 CFR263 - Standards Applicable to Transporters of Hazardous Waste 
40 CFR 264 - Standards for Owners and Operators of Hazardous Waste 
Treatment, Storage, and Disposal Facilities 

Cleaning 

Surfaces that have been in contact with chemicals can be assumed to be contaminated. 
Depending on the type of chemical, it may be necessary to clean the surface before dry blasting 
and again after blasting in order to remove contaminants that can otherwise cause blistering of 
the coating system. 

Most common methods are: 

- Steam Cleaning 
- Hot Water/Detergent Washing (Pressure) 
- Solvent Washing 
- Hydroblasting or Wet Sandblasting 
- Prebaking at Very High Temperatures 

The first two methods can efficiently remove most soluble and emulsified contaminants. 
Solvent cleaning is only feasible for small tanks or small areas. Solvent cleaning will not 
remove water-soluble materials. When detergents are used, a fresh water rinse is necessary to 
remove traces of the detergent left on the surface. 

Hydroblasting will seldom be used for the cleaning of tanks due to the very high pressure 
involved. Wet sandblasting is possible. It can remove old coatings, water soluble 
contaminants, and corrosion products simultaneously. It cannot remove oil or grease products. 

Before cleaning takes place, the surface must be free from oil, grease, salt deposits, and 
other foreign material that cannot be removed by abrasive blasting. These contaminants, which 
differ from mill scale and rust, would otherwise be forced into the profile and interfere with the 
adhesion and the chemical resistance. 
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Blasting 

Steel surfaces must be blasted to white metal (SSPC-SP5/SA3) or as near as possible 
to white metal, but never less than near-white-metal (SSPC-SP1 O/SA2 %). 

Mill scale, when present on a ferrous surface, is cathodic to the surface, meaning the 
steel will sacrifice itself to save the mill scale. All mill scale MUST be removed prior to coating 
application. Although the surface may in fact already have a coating visible, the 
CONTRACTOR SHALL NOT assume that the previous contractor has removed the mill scale 
prior to applying the existing coating. All bids will be submitted with the understanding that mill 
scale MAY be present beneath the existing coating, and that an SP-10 (near-white) blast will be 
required prior to any new coating application unless otherwise specified. NO additional costs, 
above the bid price, will be submitted to Arizona Water Company for removal of any mill scale 
that is found on the surface. Arizona Water Company requires that ALL bids reflect this 
understanding by the CONTRACTOR. 

Profile 

The blast anchor profile must average 2 to 3 mils, but preferably 2.5 mils. 

Abrasives 

The abrasive media shall be garnet and shall be of sufficient grit size to attain a specified 
blast anchor profile between 2 to 3 mils DFT. 

Pre-Preparation and Operational Testing of Abrasives for Soluble Salts Contamination: 

Test abrasive media for chloride contamination using test kit as described below, entitled 
"Test Kit for Measuring Chlorides in Abrasives." The maximum allowable chloride concentration 
is 3 PPM. Test media immediately prior to use, and in no case more than 24 hours prior to use. 

Pre-Application Testing for Soluble Salts Contamination 

Test blasted surfaces for chloride contamination using the Test Kit described below, 
entitled "Test Kit for Measuring Chlorides on Steel Surfaces." Test all surfaces at the rate of 
three tests for the first 1000 square feet plus one test for each additional 3000 square feet or 
part thereof. Concentrate testing of bare steel at areas of coating failure to bare steel and areas 
of corrosion pitting. Perform 30% of tests on bare metal at welds, divided equally between 
horizontal and vertical welds. One or more readings greater than 3 micrograms per square 
centimeter of chlorides shall be cause for rejection of surface. Wash all surfaces with Chlor*Rid 
according to the manufacturer's recommendations, allow to dry and retest until all required test 
show allowable results. Re-blast tested and cleaned areas to required specifications. Label all 
test tubes and retain for test verification. 

ALLOWABLE SOLUBLE SALTS TEST KITS 

Test kit for measuring Chlorides on Steel Surfaces 
(Test Kits called Chlor*Test, as manufactured by CHLOR*RID International. Inc. of 

Chandler, Arizona (www.chlor-rid.com)). 
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Test kit for measuring Chlorides in Abrasives 

(Test Kits called Chlor*Test “A”, as manufactured by CHLOR*RID International, Inc. of 
Chandler, Arizona (www.chlor-rid.com)). 

Welds and Edaes 

These areas need special attention because they are often the first place where 
corrosion starts. Weld splatters must be removed by power tool grinding. Welds must be 
ground to a smooth radius and sharp edges must be rounded to prevent the coating from pulling 
away. 

Dehumidification 

Depending on the ambient conditions, it may be necessary to use dehumidifiers to 
prevent rustblooming of the blasted steel surface. In all instances the dewpoint must remain at 
least 5°F or 3°C below the steel temperature. 

Although not very often the case with new steel, black spotrusting may occur shortly 
after blasting. This is a sign that the steel has been infected with sulfates or chlorides, etc., 
which cannot completely be removed by dry abrasive blasting. In such a case, refer to section 
B, Old Corroded and/or Previously Coated Steel Surfaces. 

Dust Removal 

After the blasted steel surface is approved, abrasive dust must be removed with a 
vacuum cleaner. A broom is insufficient. Most effective is the combination of blowing and 
vacuum cleaning in that order. Dust particles left on the surface will interfere with coating 
adhesion. 

7. PREPARATION OF COATING MATERIAL 

Storage 

At least 24 hours before coating material will be used, the material must be placed in an 
area where the temperature is kept between 50°F and 86°F (10°C - 30°C). 

Premixing 

The coating system is a two-component thermosetting material that requires thorough 
mecha n ica I mixing . 

After opening the can of base component, it is necessary to premix the base until no 
sediment is left on the bottom of the can. A squirrel-cage-type mixer such as the Jiffy mixer is 
efficient. Care must be taken not to introduce air (foam). After sufficient premixing, the 
hardener component may be added to the base and mixed immediately. 

Mixing Ratio 
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Unless otherwise indicated, base and hardener are supplied in the correct ratio: one can 
of hardener to one can of base. The use of the exact ratio is of prime importance for the 
chemical resistance of the cured coating film. Therefore, the hardener container must be 
emptied completely into the base. A very small amount of thinner may be used for cleaning the 
hardener can. The amount used must be deducted from the overall amount of thinner used for 
correction of spray viscosity. 

Spray Eauipment 

Conventional air spray or airless spray may be used to apply coatings. Because airless 
spray is almost exclusively used, the following information will deal only with this method. 

The airless pump must have a pressure ratio of at least 30 to 1, but preferably 45 to 1. A 
tip size between 0.018" and 0.021" is strongly recommended. A reversible tip is recommended. 

All equipment and lines must be absolutely clean to prevent blocking of the tip and to 
prevent coating contamination. 

8. APPLICATION OF PROTECTIVE COATINGS 

The Contractor shall apply each coating according to the specifications and the 
protective coating manufacturer's recommendations. 

The Contractor shall apply the coating at the specified thickness. If the specified 
thickness is not obtained, the Contractor shall apply an additional coating. 

The Contractor shall apply all protective coatings in strict accordance with the applicable 
manufacturer's current printed product data sheet and container label. The Contractor shall not 
apply protective coatings above or below the minimum/maximum surface temperatures as 
stated on the product data sheet. The Contractor shall not apply protective coatings to wet or 
damp surfaces and shall not apply protective coatings in rain, snow, fog, or mist. Surface 
temperatures must be at least 5" F above the dew point and the Contractor shall delay painting 
until such condition exists. The Contractor shall complete the painting well in advance of the 
probable time of day when condensation may occur and/or the surface temperature may be 
expected to drop below the minimum listed on the applicable product data sheet. 

The Contractor shall measure DFT according to current SSPC PA2, "Dry Paint 
Thickness with Magnetic Gauges." 

It is essential that the first coat wet the steel surface perfectly. An addition of up to 10% 
thinner may be added, but confirm that if thinning, it is within the manufacturers printed data 
sheet and complies with all local, state and federal VOC laws. When wet film thickness gauges 
are used, it must be kept in mind that the steel profile will have an effect on the readings. 
Thinner ratios can vary from project to project due to application equipment, weather conditions, 
substrate conditions, etc. 

Before starting the actual spray application, it is a good practice to observe the spray 
pattern on a separate piece of steel or cardboard. Good atomization without fingering, heavy 
spots, or insufficient flow, etc. must be obtained. If imperfections occur, corrections must be 
made quickly. Use a somewhat higher pressure or use the next size smaller tip. If this does not 
correct the problem, add a small amount of thinner. 
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Dry spray or coarse paint globules at extremes of the spay pattern are unacceptable. 

Dry spray or overspray is often caused by spraying at improper angles to the surface. 
Move the gun parallel with the surface, releasing the trigger of the gun before reversing direction 
for the next stroke. 

Measure the wet film thickness regularly. 

The second coat is applied in the same way, and using the same thinning ratio, after 
sufficient drying time of the previous coat. 

Stripe Coatinq 

As an extra measure for corrosion protection, it is standard practice to apply a stripe coat 
of the primer with a brush in the welds, edges, and areas that are hard to reach with the spray 
gun. For that purpose, enough of the mixed primer must be thinned with approximately 25% 
thinner. The lower viscosity of this mixture will help to penetrate crevices and will prevent an 
undesirable film build-up. This stripe coating can best be done with a short round-tip bristle 
brush. Another stripe coat may be applied when the full primer coat has dried sufficiently. 

Potlife and Thinninq 

No mixed material may be used beyond the potlife. No thinner may be used to increase 
the potlife. Methyl Ethyl Ketone shall not be used for thinning purposes. Thinners must be that 
as manufactured by the coating supplier utilized for each specific project. 

DryingCuring Interval 

The ideal temperature of air and steel for the application and drying between coats is 
between 68°F and 77°F (20°C and 25°C). 

Best results are obtained by drying for 16 to 24 hours at 68°F (20°C) between coats. 
Lower temperatures require longer drying intervals. When hot air blowers are used to bring the 
steel temperatures higher than 68°F (20"C), it is strongly recommended to let the coating dry for 
one (1) hour at ambient temperature with sufficient fresh air ventilation before application of 
heat. It is further recommended that only indirect fire heaters be used for forced air curing in 
order to prevent intercoat contamination. 

Final Curing 

At 68°F (20°C) the tank lining will cure enough for most services in 7 days minimum. 
Ventilation is required for the first 24 hours. When not enough time is available to cure at 68°F 
(20"C), hot air blowers should be used to continuously circulate heated fresh air to maintain a 
surface temperature of 140°F (60°C). 

9. INSPECTION 

The inspection during and after the tank lining job can be divided into two different 
functions: 
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A. 
B. The above-mentioned function together with preventive actions during the 

Inspection on a passlfail basis. 

application. 

The following list gives the essential checkpoints for an inspection: 

Test 
Blast Profile 

Instruments 
Replica Tape of Comparator 

Temperatures Surface Thermometer 
Humidity/Dew Point 
Thickness of Each Coat 
Pin h o I e/Sag s/R u n s/D rys p ra y/F I ow 
Cure MEK Rubs (50 rubs) 

Sling Psychrometer or Digital 
Magnetic Film Thickness Gauge 
Holiday Detector and Magnifying Glass 

Preventive Inspection 

Inspection service can be very helpful when attention is paid to all parts of the operation. 
Although not claimed to be complete, the following list may contribute: 

- Type of abrasive and cleanliness of the abrasive 
- Cleaning method used before blasting 
- Check for salt contamination on the steel surface after blasting 
- Dehumidification 
- Mixing procedure 
- Paint storage and consumption 
- Spray pattern 
-Wet film thickness 
- Ventilation 
- Pinhole and holiday detection 
- Dryingkuring procedures 
- Safety procedures 

Drv Film Thickness 

One of the most controversial subjects of application and inspection is the measurement 
and judgment of DFT. 

Highly skilled application techniques are required to keep the DFT within specified limits. 
It must be understood that most tank linings are exposed to severe conditions. In such a case, 
the idea "the thicker the better" is definitely false. 

Five spot measurements must be taken over an area of 100 square feet. Each spot 
measurement consists of three gauge readings next to one another. The average of three 
readings is used to calculate the average of the spot readings. 

The average of the spot readings has to be in the specified mil thickness range. 

In addition, the maximum film thickness also is limited. No spot reading (average of a 
According to SSPC-PA2, no spot reading lower than 80% of the specified milage is acceptable. 

cluster of three gauge readings) higher than 120% of the specified film thickness is acceptable. 



Where the film thickness is too low, an extra coat must be applied In accordance with 
procedures established in this guide. 

In case of high film thickness, the thick area must be sanded (after sufficient curing) and 
a very light extra finish coat applied to "renew" the film. 

The magnetic film thickness gauges must be calibrated frequently enough to ensure 
correct readings. The original calibration must take place with shims placed on the blasted 
surface as described in SSPC-PA2. This method prevents higher thickness readings found 
than are actually applied, especially with deeper profiles. 

I O .  LITERATURE 

Additional literature to be used in conjunction with these guidelines: 

A. Steel Structures Painting Manual, Volume 1 

In particular, chapters: 

2.0 Surface Preparation 
2.2 Metallic Abrasives 
2.4 Abrasive Air Blast Cleaning 
2.6 Hand and Power Tool Cleaning 
2.9 Chemical Cleaning 

a. Solvent Wipe 
b. Steam Cleaning 
c. High Pressure - Hot Detergent 

5.3 Safety in Paint Application 
6.0 Inspection 
14.2 The Lining of Tanks 

B. Steel Structures Painting Manual, Volume 2 

Surface Preparation Standards 
Chapter 5, Paint Application Specifications SSPC-PA2 
A Guide to Safety in Paint Application SSPC-PA Guide 31 1 

11. CURING, VENTILATION, AND DISINFECTION 

The Contractor shall provide adequate ventilation to effectively remove solvent vapors 
for proper drying of paint on interior surfaces. The Contractor shall be required, upon request 
from the Company's Authorized Representative or the Independent Coating Inspector, during 
the pre-construction meeting to provide specific details on its plan to provide adequate curing 
and ventilation. 

A combination of forced and natural ventilation shall be continued after coating 
application is completed to ensure complete curing and solvent removal. Coating life may be 
shortened if there is inadequate ventilation during the curing period and residual coating solvent 
may contribute to taste and odor problems in stored water. Lower temperatures or higher 
humidity may extend the time that ventilation is necessary. The Contractor shall use forced air 
ventilation with heating units when applying coatings at low temperatures and higher humidities. 
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The ventilation must be designed in such a way that no solvent vapors remain in corners, etc. 
The air used must be clean and dry enough to prevent any condensation of moisture on the 
coated surface. Good ventilation will prevent solvent entrapment in the film. 

Following final coat application and final inspection, the Contractor shall not disinfect the 
tank until the coating system is fully cured and approved by the Independent Coating Inspector. 
Refer to the applicable product data sheet for dry timeltemperature requirements. The 
Contractor shall disinfect the tank according to the current American Water Works Association 
Standard AWWA C652 - Method 2, or as instructed by the Company's Authorized 
Representative. The Contractor, at its expense, shall be responsible for disinfecting the tank 
immediately before placing the tank in service. 

All cathodic protection systems shall be disabled and locked out before initiating tank 
draining and shall remain disabled until completion of the interior warranty inspection. Once the 
tank is placed back into service, the lock shall be removed and the cathodic protection system 
energized. 

12. CLEAN UP 

The Contractor shall remove from the Company's property and from all public and 
private property, at its own expense, all temporary structures, rubbish, and waste materials from 
its operations. In the event the Contractor fails to do so, the Company may remove same at the 
expense of the contractor. 

13. CONTAlNMENT/DISPOSAL COSTS 

The Contractor shall be responsible for all costs associated with containment and waste 
disposal, and for all waste removal as specified in the General Conditions of Contract. 

14. GUARANTEEANSPECTION 

The Contractor shall guarantee all labor, workmanship, and materials it applies for the 
minimum guarantee period, as specified in the General Conditions of Contract. 

Approximately eleven (1 1) months after the Contractor's completion of the work and the 
Company's acceptance of the completed work, the Company's Authorized Representative shall 
schedule with an Independent Coating Inspector a date for an inspection for all interior coating 
work completed, and shall notify the Contractor of such date at least thirty (30) days in advance. 

If repairs are necessary, the Contractor shall be responsible for properly disinfecting the 
water storage tank prior to it being placed back into service. All such repair work will be subject 
to the conditions of the original Contract. 
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Exhibit "I" 

Sample Design of Adsorptive Media ARF 

W \PiO)edS\CG\PVllnSid~\WAiA~b~~ WA\1-4806 Coolidge Well It1 3 Arsenic Treatment Plant J ~ i A A g r e e m e n t s \ P r o p a s ~ l ~ \ A n ~ ~ h m ~ " t ~  ~ AdSOrptlveiAdsorptive Anachments docx 
MLMAFH 900AM6124115 



I 



, I - . -  

- I -  









I 

L 

, 



7 
i 



c 

1 







3. 
t 

I 
. I 



i 



i 1 

I 



6 

- -  

' 







I 



4 4 

is 
b e 
k E i  B 

I 

II 
If! 



:i 

: 

7' 1 I I$-- \& 

I i 





I .  

I St $1 
- 1  







Exhibit “J” 

Sample Design of Chemical Feed System 
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Exhibit "K" 

Sample Design of Sodium Hypochlorite Feed System 
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Exhibit "L" 

20-Year Life Cycle Cost Assumptions 
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Exhibit "L" 

20-Year Life Cycle Cost Analysis Assumptions 

1. Interest Rate: 4% per year 

2. Capital Cost: Bid Price 

3. O&M Costs: 

a. 

b. 

C. 

d. 

e. 

f. 

9. 

h. 

I .  

Utilization: 25% (winter) to 50% (summer) 

Method of Operation: Partial treatment with bypass 

Company Operator Labor Rate: $75/hr (specify expected manhours) 

Media RemovaVReplacement Cost: Per Exhibit "B" (specify frequency per 

guarantee) 

Power Cost: $0.15/kWh (specify expected power consumption) 

Laboratory: $500/month 

Vehicles/Fuel: $250/month 

Routine Repairs/Parts: $1,00O/month 

Chemical Costs (specify chemical demand) : 

I .  

I I .  

... 
I l l .  

iv. 

V. 

vi. 

vii. 

Delivery frequency: 

Sodium hypochlorite (1 2.5%): 

Sulfuric acid (91-93%): 

Sod i um hydroxide: 
(50% summer/25% winter) 

Ferric chloride (38-42%): 

Chlorine Demand: 

Desi red Chlorine Residua I: 

Once per month. 

$1.67/gal (includes tax and delivery) 

$2.23/gal (includes tax and delivery) 

$2.59/gal (includes tax and delivery) 

$3.16/gal (includes tax and delivery) 

1 PPm 

1 PPm 



Exhibit "M" 

Arizona Water Company 
EI&C Design Guidelines Technical Specification 
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EI&C DESIGN GUIDELINES 

TECHNICAL SPECIFICATIONS 

NOVEMBER 2009 

Corporate Office 
3805 North Black Canyon Hwy Phoenix, AZ 85015-5351 

P.O. Box 29006 Phoenix, AZ 85038-9006 
602.240.6860 (Phone) 

602.240.6878 or 602.240.6874 (Fax) 



Exhibit "N" 

ADEQ Initial Start-up Monitoring Form 
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11 Design and construct an Arsenic Removal Facility at Coolidge Well No. 13 
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