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W A  NUMBER 1-4735 

BUDGET ITEM NO Special #8 
SHEET NO 1 01 

P E  NUMBER 
ARIZONA WATER COMPANY 

WORK AUTHORIZATION 
SYSTEM WHITE TANK 

:OST OF WORK: 

JATERIAL 

U PON AUTH 0 R i ZATl ON 11 WORK TO START BY: IIVISION: CASA GRANDE 

0 

Pull and replace the pump at Monte Vista Well #4. Construct in accordance with attached drawings and/or Arizona 
Water Company specifications. 

..................................................................................... 
rOTAL AUTHORIZED EXPENDITURES 
ZHARGEABLE TO THIS W.A. 

UNDS RECEIVED: 

:ONTRIBUTIONS RECEIVED ..................................................................................... 

'ACTORS JUSTIFYING WORK: 

$ 14,586 

0 

Pump has failed due to pumping a large amount of sand after cleaning an adjacent well. This well is one of the larges 
producers in this system and is necessary to meet system demand. 

rUTHORlZED BY: 

A P P R O V E D  V I A  F A X  
R. H. Nicholson. Jr. 

4 / 1 / 2 0 1 0  

.................................................................................... 

.................................................................................... 
-ABOR 
:ONTRACT PORTION 
IVERHEAD 

.................................................................................... iEFUNDABLE ADVANCES RECEIVED 

-0TAL CONTRIBUTIONS/ADVANCES .................................................................................... 
JET CASH REQUIRED 14,586 

I .OMMENTS 

FILE COPY 

AU TH 0 Rl ZATl 0 N I DATE 

4 -I 2 01 0 
William Garfield 

:ONSTRUCTION RELEASE: 

AFH 

WA 14735 Monte Vista Well #4.xlsx I 3/31/2010 03/26/081 c6:afh I WA.XLS 



ARIZONA WATEJ ZOMPANY 

WORK AUTHORIZATION - DETAl b SH E ET 
PLANT PROPERTY ACCOUNT UNIT DESCRIPTION 

325 National SKBLC pump assembly R E T I R E M E N T  

P R O P E R T Y  
U N I T S  

1-4735 

BUDGET ITEM NO Special #8 

W A  NUMBER 

P E  NUMBER 

SCIFFT NO 7 nf 3 

YEAR INSTALLED AND W.A NUMBER QUANTITY 

1 2009 1-4687 

o 
N 

Pull and replace the pump at Monte Vista Well #4. 

National SK8LC six stage bowl assembly with marine bearings 325 1 4,345.20 1 4 , i i i l l  
Stainless Banding 325 1 278.00 
Stiice materials 325 1 175.00 

/I 

A 
C 
T 

TOTAL 

4,925 

DESCRIPTION PLANT PROP ACCT QUANTllY UNIT COST 

Labor to pull and replace the pump 325 I $  
Labor to disassemble and inspect old pump 325 8 80.00 

-/I 
N 
0 
R -  
K .  

SERVICE CONNECTIONS COMPLETE: DOUBLE-LONG 345 
SERVICE CONNECTIONS COMPLETE: DOUBLE-SHORT 345 
SERVICE CONNECTIONS COMPLETE: SINGLE-LONG 345 
SERVICE CONNECTIONS COMPLETE: SINGLE-SHORT 345 

I 

OTAL CONTRACT WORK 

I I I I 
I $  11,263 - , I I 

1 I 
I I'I v1 

4 

E 
R SERVICE CONNECTIONS: DOUBLE-LONG 345 

345 
345 

s SERVICE CONNECTIONS: SINGLE-SHORT 345 
METERS 346 

I 
4 
L 

SERVICE CONNECTIONS: DOUBLE-SHORT 

SERVICE CONNECTIONS: SINGLE-LONG 

OTAL MATERIALS 

4 TESTINGFEE I 
' SURVEYFEE ' FIELD INSPECTION 325 1 500.00 

INSTALL SERVICE CONNECTIONS DOUBLE-LONG 345 
INSTALL SERVICE CONNECTIONS DOUBLE-SHORT 345 
INSTALL SERVICE CONNECTIONS SINGLE-LONG 345 
INSTALL SERVICE CONNECTIONS SINGLE-SHORT 345 

OTAL LABOR 

UBTOTAL - CONTRACT WORK, MATERIALS, AND LABOR 11,763 
IVERHEAD I1 2.823 11 
OTAL REFUNDABLE PORTION c] NON-REFUNDABLE PORTION COST ESTIMATE 11 $ 14,586 

AFH 

WA 1-4735 Monte Vista Well If4.xlsx I 3/31/2010 03/26/08 I MRL:AFH 1 WADS.XLS 



WATER COMPANY 

CONTRACT 

DATE OF 
CONTFWCTOR: Weber Gmup LC CONTRACT: December 18,2009 

mu. 16825 S. Weber Drive SYSTEM: White Tank 

Chandler, A2 86226 WA. t: 1-4687 

DESCRIPTION 
OF WORK: Pull end replace the pump and motor at White Tank Well W per 

the Attached quote dated Deoember 18,2009 
WORK SHALL BE COWLETED ON 

OR BEFORE a CALENDAR DAYS 

AFTER COMMENCEMENT NOTlCE 
IS ISSUED. 

(See PEmpph 4, MOW), 

TOTAL COST 
(sxduding taxes): $19,038.00 

THIS CONTRACT is made by and between AFiUONA WATER COMPANY, an W n a  corpcratlon, (hereinafter referred b as the 
"Companf), ar#l the CONTRACTOR named above. 
I. The Contractor hersby certiftes that It has read the compeny"8 moat recsnt Gene@ m s  of Contrect (copy pbEBchwl), 

and Standmi SpedtIcatbn Dntvvings ("AWC SpsdRcatbna") and rdated cmstfudon drewingo, and 
undeotands t G o n 8  of spid AWC Specilications. 8nd related rxuwbudon drawlqs. apply lo work amred under thk 
Contrad, and which, by this rekence, are klcorporated herein. 

2. The Contractor agrees, a8 an independent conbwb. to furnish an of the labsr. tools and certain maleriais required to perfam the 
work described above forthe Company, in accordan- with the General Conditions of Co- and related consbuctbn drawings. 

3. The Company agrees to furnish to fie C6ntrsdor, Hlithoul any a s t  to Contrador, certain equipment and materials n~c888a(y to 
be used or expended in the perfomanOe of said worlc, as f o l b :  NONE. 

4. Work shall not commence uporr this Contract until a written Commenment Nolice has  been given to the C o r "  by the 
Company, In the event the Commencement N o h  ie rml g h  to ttle Contmctw by the Company within ninety (00) calender days 
from the date ofthls Canlrad, the Contractor has theoption to cam1 the Contract by gh/ing Mitten notice OfcancelPtion tothe 
Company. 

Upon tha salisfauory ampletion oftha work withh ths cartrad time limit, the Company agrees to pay, in cash, to the Contractor the 
total cost of the work, including all tarrss. 

SPECIAL CONDITIONS: 

. .  

THE SIGNED CONTRACT TO SERVE AS THE COMMENCEMENT NOTICE 

ARIZONA WATER COMPANY 
C o m P W  



WeberGroua L,C, 

Customer: Arizona Water Company 
Attn: James Wilson 
Phone: 602-240-6860 
Fax: 

16825 South Weber Drive, Chandler, Arizona 85226, Office (480) 961-1 141, Fax (480) 961-0290 
18403 W. McDowell Koad, Goodyear, Arizona, 85338, Office (623) 853-9901, Fax (623) 853-9902 

2838 W. KuthrauffKoad, 'l'ucson, Arizona 85705, Of€ice (520) 887-2170, Fax (520) 408-0832 

From: Fred Tregaskes 
Date: 12/18/2009 
Quote No.: 
Project: White Tanks Well 4 
Job No. 

QTY. 

1 LS 

12 HR 

1 LS 
1 LS 

1 EA 
1 LS 
8 EA 
1 LS 
1 LS 

ITEM NO. * DESCRIPTION 

Labor 
Pull submersible pump and motor 
Pump setting 440 feet, sand separator 
Machinist - disassemble pump and motor, inspect. Rebuild pump, assembli 
and splice new motor 
Video well 
Reinstall pump and motor 

Materials 
Centripro 75 HP motor 
Bowl bearings, impeller wear rings 
6" x 20' T and C column pipe 
Splice materials 
Stainless steel banding, consumables 

Drill rig can brush and bail well at $1 95 per hour 

I 

I Subtotal 
I 

TERMS AND CONDITIONS: 
a. Payment terms: 
b. Validity of quotation: 30 days 
c. Warranty: 
d. Delivery: Pending NTP 
e. Freight: F.O.B. Jobsite 
f. Tax 

Net 30 days 

Standard 1 year from start-up date 

All auotes are plus any applicable tax 

JNIT PRICE 

$2,000.00 

$80.00 

$850.00 
$1,800.00 

$8,658.00 
$1,309.00 

$376.00 
$175.00 
$27 8.00 

EQUIPMENT AND LABOR 
TOTAL AMOUNT 

UNIT 

1 LS 

12 HR 

1 LS 
1 LS 

1 EA 
1 LS 
8 EA 

1 LS 
1 LS 

TOTAL 

$2,000.00 

$960.00 

$850.00 
$1,800.00 

$8,658.00 
$1,309.00 
$3,008.00 

$175.00 
$278.00 

$19,038.00 

$1 9,03 8.00 

lg. Qauntities Listed 
Thank you for the opportunity to be of service. Please sign, date and return with P.O. number and we will proceed with project. 

Custbmer will dnly be hv&e for Qty. consumed: 

Best Regards, 
Fkd T..t.blca, 

President 

AUTHORIZED BY: DATE: P.O. NO.: 

TITLE: 
C:\Documents and Settings\jwilson\Local Settings\Temporary Internet Files\Content.Outlook\SW3NMLFV\Arizona Water Company White Tanks 
Well 4 1218-09 Page 1 of 1 



ARIZONA WATER COMPANY 

E-4- 1 

GENERAL CONDITIONS OF CONTRACT 

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 8501 5-5351 (Post Office Box 29006, Phoenix, Arizona 85038-9006). 

9. Companv's Authorized Representative. The words "Company's Authorized 
Representative" mean any officer of the Company, and any of the Company's Engineers, 
any Division Manager or Superintendent of the Company 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 employed to 
do the work as shown on the Construction Drawings and as specified herein. 

D. Construction Drawinas. The words "Construction Drawings" mean plans prepared by or 
on behalf of Arizona Water Company. 

E. Invitation to Bid. The term "Invitation to Bid" means the current copy of Arizona Water 
Company's Form E-3-1 1-4 Request for Proposal/Contract or Form E-3-1 2-2 Invitation to 
Bid. 

F. Contract. The word "Contract" means the written document titled "Contract" or 
"Proposal/Contract" when such document has been signed by an officer or other 
authorized representative of both the Contractor and the Company. 

G. Inspector. The word "Inspector" means the Company's Authorized Representative or a 
person designated in writing by the Company's Authorized Representative. 

P:\AWC DATA\M- I  GENERAL CONDITIONS OF CONTRACT.DOC 
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GENERAL CONDITIONS OF CONTRACT 

1. 

2. 

3. 

4. 

5. 

GENERAL 

These General Conditions of Contract govern all works of installation and construction 
unless deviations are provided for on the Construction Drawings or in the Contract. 

BONDS 

The Contractor shall, upon request by the Company, furnish a performance bond and a 
material payment bond in the amount of 100% of the Contract price, in a form and from a 
surety acceptable to the Company. 

LABOR AND/OR MATERIAL RELEASES 

The Contractor shall supply labor and/or material releases satisfactory to the Company 
when requested to do so. Forms will be provided by the Company. 

LICENSE 

The Contractor shall have, as may be required by law, a valid license applicable to the 
work to be performed. 

INSURANCE 

The Contractor shall maintain in full force and effect insurance at no less than the 
following minimum amounts: 

WORKER'S COMPENSATION In accordance with requirements 
of the laws of the State of 
Arizona. 

COMPREHENSIVE GENERAL LIABILITY 
(Including contractual I ia bi lity covering 
death, bodily injury and property damage) 

A U TOM0 TlVE LIA BlLl6' ~ _ "  

(Including owned, non-owned and hired 
vehicles) occurrence. 

S UBCO N TRA C TO R'SPUBLIC LIA BlLl TY--- Contractor shall either require 
AND PROPERTY DAMAGE INSURANCE 
AND VEHICLE LIABILITY INSURANCE 

Combined single limit of not less 
than $1,000,000 for each 
occurrence. 

Combined single limit of not less 
than $1,000,000 for each 

I__ -_ ~ --I_ I - - --__I---1_-- --____ - __ __ __ - - - _-- --____- 

each of its subcontractors to 
procure and to maintain 
Subcontractor's Public Liability 
and Property Damage Insurance 
and Vehicle Liability Insurance of 
the type and in the amounts 
specified in this Section 5 or 
insure the activities of its 
subcontractors in Contractor's 
own policy, in like amounts. 
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Such insurance shall name the Company, its officers, agents, and employees as 
additional insured and be primary for all purposes. 

The Company will at all times have the right to require that all of such insurance be 
placed with insurance companies that are satisfactory to it. The Contractor shall file with 
the Company a certificate evidencing that each policy of insurance for the above 
coverages in the minimum amounts specified has been purchased and is in good 
standing. 

Such certificate shall provide that notice be given to the Company at least thirty (30) days 
prior to cancellation or material change in the form of such policies or any of them. Such 
certificates shall be kept on file by the Company and the Company must have current 
certificates on file, or a certificate must accompany any bid proposal, before that proposal 
will be accepted by the Company. 

6. CONTRACTOR UNDERSTANDS WORK AND WORKING CONDITIONS 

By executing a Contract with the Company, the Contractor warrants that it has, by careful 
examination, satisfied itself as to the nature and location of the work, including soil 
conditions, the character, quality and quantity of the materials to be encountered, the 
character of the equipment and facilities needed preliminary to and during prosecution of 
the work, the general and local conditions, and all other matters which can in any way be 
expected to affect its work under the Contract. Verbal agreements or conversations with 
any officer, agent or employee of the Company, either before or after the execution of the 
Contract, are not binding upon the Company and shall not affect or modify any of the 
terms or obligations herein contained. 

7. SPECIFICATIONS AND DRAWINGS 

The Contractor shall keep on the job a complete copy of all drawings and specifications 
furnished by the Company which are applicable to the Contract with the Company. 
Anything mentioned in the specifications and not shown on the drawings or shown on the 
drawings and not mentioned in the specifications shall be of like effect as if shown or 
mentioned in both. In case of a discrepancy between the figures, drawings or 
specifications and physical conditions of the job, the matter shall be immediately 
submitted to the Company's Authorized Representative for decision as to adjustments, if 
any, because of the discrepancy; without a decision from the Company's Authorized 
Representative no discrepancy shall be adjusted by the Contractor, save only at its own 
risk and expense. Any deviation from the specifications must be approved in writing by 
the Company's Authorized Representative. 

8. PROPERTY PROTECTION 

Trees, fences, poles, underground structures and all other property shall be protected 
unless their removal is authorized on the Construction Drawings. Any property damaged 
shall be restored by the Contractor, at its expense, to the owner's satisfaction. 
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9. 

IO. 

11. 

12. 

13. 

14. 

15. 

SPECIAL PERMITS, LICENSES AND INSURANCE 

The Company shall obtain all permits for railroad, county, state, city and irrigation district 
rights-of-way as well as Forest Service, State Land Department and Bureau of Land 
Management permits. (Pipeline Contractors) 

Whenever blasting is required, the Contractor shall obtain all permits, licenses and 
insurance required at its expense. (All Contractors) 

The Contractor will be required to obtain, and shall certify in writing to the Company that it 
has obtained, all additional permits required to perform the work including, but not limited 
to, a National Pollution Discharge Elimination System Permit and/or an Aquifer Protection 
Permit as those permits relate to disposal of drilling, development and test waters and/or 
any other discharge or similar activity. (Well Drilling Contractors) 

SURVEYS 

The Company shall be responsible, or arrange, for all surveys required for the work 
covered in the Contract, unless otherwise specified. 

BENCH MARKS, PROPERTY STAKES AND SURVEY STAKES 

Bench marks, property stakes and survey stakes shall be preserved by the Contractor; in 
case they are destroyed or removed by Contractor or its employees, the Company will 
replace them at the Contractor's expense, and the Contractor and its sureties shall be 
liable therefore. 

TOOLS, EQUIPMENT AND MATERIALS 

The Contractor shall furnish all of the necessary tools, equipment, and pipeline materials 
required for the work. All material furnished by the Contractor shall be of the quality 
specified by the Company in its Construction Specifications (E-8-1 ). 

SUPERINTENDENCE BY CONTRACTOR 

The Contractor shall assure adequate superintendence of the work by a competent 
foreman or superintendent (with full authority to act on behalf of Contractor) satisfactory 
to the Company, who will be on the job at all times when work is in progress. 

ORDER AND DISCIPLINE 

The Contractor shall at all times enforce strict discipline and good order among its 
employees. 

INDEPENDENT CONTRACTOR 

The Contractor is an independent contractor and any provisions in the Contract, the 
specifications, or these General Conditions of Contract and Arizona Water Company's 
Construction Specifications which may appear to give the Company the right to direct the 
Contractor as to the details of the doing of any work to be performed by the Contractor, 
or to exercise a measure of control over said work, shall be deemed to mean and shall 
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mean, that the Contractor shall follow the desires of the Company in the results of the 
work only and not in the means whereby said work is to be accomplished, and the 
Contractor shall use its own discretion and shall have complete and authoritative control 
over the work and as to the details of the doing of the work. 

16. PUBLIC SAFETY AND CONVENIENCE 

Contractor shall at all times conduct its work so as to ensure the least possible 
obstruction to traffic and other inconvenience to the general public and the residents and 
businesses in the vicinity of the work, and to ensure the protection of persons and 
property. 

To protect persons from injury and to avoid property damage, Contractor shall provide 
and maintain adequate barricades as required during the progress of the work and until it 
is safe to use the property for its intended purpose. The rules and regulations of the local 
governmental agencies and specific permit requirements respecting safety provisions 
shall be observed at all times. 

In the case of blasting, the Contractor shall exercise extreme caution to protect the 
general public and personal and public property from harm or damage. 

17. PROPERTY PROTECTION 

Trees, fences, poles, and all other property shall be protected unless their removal is 
authorized by the Company. Any property damaged shall be restored by Contractor, at 
his expense, to Company's satisfaction. 

18. RESPONSIBILITY OF CONTRACTOR 

The work shall be under Contractor's responsible care and charge. Contractor shall bear 
all loss and damage whatsoever and from whatsoever cause, except that caused solely 
by the act of Company, which may occur on or to the work during the fulfillment of the 
Contract. If any loss or damage occurs, Contractor shall immediately make good any 
such loss or damage, and in the event of Contractor refusing or neglecting to do so, 
Company may, or by the employment of some other person, make good any such loss or 
damage, and the cost and expense of so doing shall be charged to Contractor. 

The mention of any specific responsibility or liability imposed upon Contractor shall not 
be construed as a limitation or restriction of any general liability or duty imposed upon 
Contractor by the Contract. The reference to any specific duty or liability being made 
herein is merely for the purpose of explanation. 

Contractor alone shall at all times be responsible for the safety of Contractor, 
Contractor's employees, and its subcontractors' employees, and for Contractor and its 
subcontractors' plant and equipment and the method of performing the work. 

19. ERRORS AND OMISSIONS 

If Contractor, in the course of the work, becomes aware of any errors or omissions in the 
Contract Documents or in the instructions, or if Contractor becomes aware of any 
discrepancy between the Contract Documents and the physical conditions of the site of 
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the work, Contractor shall immediately inform Company in writing. Any work done by 
Contractor after such discovery, until authorized by Company, will be done at 
Contractor's risk. 

20. LAWS, REGULATIONS 

Contractor shall give all notices required by law and comply with all laws, ordinances, 
rules and regulations, including, but not limited to, all applicable federal, state, local and 
other legally required health and safety standards, orders, rules, regulations or other 
laws, pertaining to the conduct of the work. Contractor shall be liable for, and shall 
defend and indemnify Company against and hold it harmless from, all violations of any 
law, ordinance, rule, regulation, standard, or order in connection with work furnished by 
or on behalf of Contractor. If Contractor observes that the Contract Documents are at 
variance with any law, ordinance, rule, regulation, standard, or order it shall promptly 
notify Company in writing and any necessary changes shall be adjusted as provided in 
the Contract for changes in the work. Contractor shall not perform any work contrary to 
such laws ordinances, rules, regulations, standards, or orders. 

21. PERMITS, FEES AND INSPECTIONS 

Permits and licenses necessary for the prosecution of the work, including, but not limited 
to, any National Pollution Discharge Elimination Systems (NPDES) Permits required by 
U.S. Environmental Protection Agency or the Arizona Department of Environmental 
Quality shall be secured, paid for, and complied with by Contractor. 

Contractor shall be responsible for its actions and shall abide by all conditions and/or 
restrictions set forth in the NPDES Permit and any other permit or license required for 
this project. 

Company shall at all times have access to the work whenever it is in preparation or in 
progress and Contractor shall provide proper facilities for such access and for all 
inspections. If the Contract Documents, the General Superintendent's instructions, laws, 
ordinances or any public authority require any work to be inspected or approved, 
Contractor shall give timely notice of its readiness for inspection. 

Inspection of the work shall not relieve Contractor of any of its obligations even if 
defective work or unsuitable materials may have been previously overlooked by 
Company and accepted or estimated for payment. If any work is found not in accordance 
with the Contract Documents, Contractor, at its sole cost and expense, shall promptly 
make good such defective work. 

22. CONSTRUCTION MARKING (PIPELINE ONLY) 

Each job shall be marked and/or barricaded by the Contractor in such a manner that the 
construction is clearly visible at all times. 

23. EXTRA WORK AND/OR MATERIALS 

Except as otherwise herein provided, no charge for any extra work and/or material will be 
allowed unless the same has been ordered in writing by the Company's Authorized 
Representative, and the price stated in such order. 
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24. 

25. 

26. 

27. 

28. 

29. 

CHANGES 

The Company shall have the right to make any changes in the work that it may determine 
to be necessary. If such changes affect the cost of the work, an equitable adjustment 
shall be negotiated. Changes shall in no way affect or void the obligations of both parties 
under the original Contract. 

I NSPECTI ON 

All work and material shall be open at all times to inspection and acceptance or rejection 
by the Company's Inspector. Any work covered up by the Contractor prior to inspection 
and acceptance by the Company shall be subject to being uncovered at the expense of 
the Contractor for inspection by the Company. The Contractor shall give the Company 
reasonable notice of starting new work and shall provide, without extra charge, 
reasonable and necessary facilities for inspection, even to the extent of taking out 
portions of finished work. In case any such finished work removed is found satisfactory, 
however, the actual direct cost of such removal and replacement, plus 15% of such cost, 
will be paid by the Company; in addition, if completion of the work has been delayed 
thereby, the Contractor shall be granted a suitable extension of time on account of the 
additional work involved. 

DEFECTIVE WORK OR MATERIAL 

The Contractor shall remove, at its own expense, any work or material found defective by 
the Company's Inspector and shall rebuild and replace the same without extra charge; in 
default thereof, the same may be done by the Company at the Contractor's expense. 

ASSIGNMENT 

Neither party to the Contract may assign the Contract or sublet it in whole or in part 
without the written consent of the other, nor shall the Contractor assign any monies due 
or which may become due hereunder without the previous written consent of the 
Company, nor shall such consent release the Contractor from any of its obligations and 
liabilities under the Contract. 

RIGHTS OF VARIOUS INTERESTS 

Whenever work that is being done for the Company other than by the Contractor is 
contiguous to work being done by the Contractor, the respective rights of the various 
interests involved shall be established by the Company to secure the completion of the 
various portions of the work in general harmony. 

SUSPENSION OF WORK 

The Company's Authorized Representative may at any time and for any reason suspend 
all or any portion of the work under the Contract. This right to suspend work shall not be 
construed as denying the Contractor compensation for actual, reasonable and necessary 
expenses due to suspension to which it may be entitled. 

The Company's Authorized Representative may order the Contractor to suspend any 
work because of certain conditions, such as inclement weather, or because the 
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30. 

31. 

32. 

33. 

34. 

Contractor is in violation of these General Conditions of Contract or the Construction 
Specifications. It is understood that compensation for expenses will not be allowed for 
such suspension when ordered by the Company's Authorized Representative on account 
of such conditions. 

PROCEDURE OF WORK (PIPELINE ONLY) 

All work under the Contract shall be planned and performed so as to cause a minimum of 
interference with normal vehicular and pedestrian traffic. At no time shall the Contractor 
completely obstruct the traffic to any business establishment during normal work hours of 
that business. It shall be the Contractor's responsibility to maintain facilities for ingress 
and egress to any business establishment. When crossing any street, not more than one- 
half of the street may be blocked at one time. All federal, state, county and city laws, 
rules and regulations relating to this subject are to be obeyed. 

The Contractor shall complete any portion or portions of the work in such order of time as 
the Company may require. The Company shall have the right to take possession of and 
use any completed or partially completed portions of the work. If such prior possession or 
use increases the cost of or delays the work, the Contractor will be entitled to extra 
compensation or extension of time or both, as the Company may determine. 

DISPUTES 

All questions or controversies which arise between the Contractor and the Company, 
under, or in reference to, the Contract, shall be decided by the Company's Authorized 
Representative and a representative of the Contractor, and their decision shall be final 
and conclusive upon both parties. 

CONNECTION TO EXISTING SYSTEM (PIPELINE ONLY) 

Unless approved in writing by the Company's Authorized Representative, no tie-in or hot 
tap on the existing system shall be made unless the Company's Inspector is present. 
When the tie-in requires the operation of an existing valve or other control equipment, the 
conditions of Paragraph 29 shall be complied with. The Contractor shall notify the 
Company twenty-four (24) hours prior to tie-in as to the exact time the Contractor plans to 
make tie-in so that the Company's Inspector will have sufficient time to locate valves and 
make necessary preliminary arrangements for shut down. 

PLANNED INTERRUPTION OF WATER SERVICE (PIPELINE ONLY) 

No valve or other control on an existing Company water system shall be operated for any 
purpose by the Contractor without approval of the Company's Inspector. All of the 
Company's water customers whose service is interrupted by a planned interruption, other 
than in cases of emergency, shall be notified by the Contractor at least twenty-four (24) 
hours before the planned interruption and advised of the probable time when the service 
will be restored. 

EXISTING UTILITY FACILITIES (PIPELINE ONLY) 

The Contractor shall notify all known utilities in the area of the work to be performed 
under the Contract and shall make arrangements to have their facilities marked in 
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35. 

36. 

37. 

A. 

B. 

accordance with A.R.S. .40-360.022 ("Blue Stake Law"). The Contractor shall be 
responsible for locating and preserving all marked facilities. Any damages to these 
marked facilities shall be repaired at the expense of the Contractor. 

The Company will pay the cost to relocate its or other structures when such structures 
are found occupying the physical space of the proposed installation. It is understood that 
the Contractor will be reimbursed for such work only when written authorization from the 
Company has been obtained in advance of such work. 

CLEANING 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 
resulting from its operations. In the event Contractor fails to do so, the Company may 
remove same at the expense of the Contractor. 

WORKING HOURS (PIPELINE ONLY) 

Unless stated to the contrary in the Invitation to Bid and/or so stated on the Construction 
Drawings, or agreed to by the Company during a Pre-Construction Conference, the 
Contractor shall not be permitted to perform work on Saturdays, Sundays, or Company 
holidays, or commence work such as tie-ins that cannot be completed during normal 
working hours. 

I N DEM N ITY 

The Contractor shall indemnify the Company against, and save and hold it harmless 
from, any and all liability, claims, demands, loss, actions, causes of action, expense, 
penalties, fines, assessments, damages and costs of every kind and nature for injury to 
or death of any and all persons, including, without limitation, employees or 
representatives of the Company or of the Contractor or of any subcontractor, or any other 
person or persons, and for damage, destruction or loss, consequential or otherwise, to or 
of any and all property, real or personal, including, without limitation, property of the 
Company or of the Contractor or of any subcontractor, or of any other person or persons, 
and the violation of any law, ordinance, rule, regulation, standard, or order resulting from 
or in any manner arising out of or in connection with the performance of the work under 
the Contract, howsoever same may be caused, including, without limitation, the 
Company's active or passive negligence. The Contractor shall also, upon request by the 
Company, and at no expense to the Company, defend the Company in any and all suits, 
concerning such injury to or death of any and all persons, and concerning such damage, 
destruction or loss, consequential or otherwise, to or of any and all property, real or 
personal, including, without limitation, suits by employees or representatives of the 
Company or of the Contractor or of any subcontractor, or any other person or persons, or 
concerning any court or administrative proceeding concerning the violation of any law, 
ordinance, rule, regulation, standard, or order. Excluded from this paragraph are only 
those injuries to or deaths of persons and damage, destruction or loss, to or of property 
arising from the sole negligence or willful misconduct of the Company. 

Contractor shall indemnify the Company against, and save and hold it harmless from, 
any and all liability, claims, demands, damages, costs, expenses and attorney's fees, 
suffered or incurred on account of any breach of any obligation, covenant or other 
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C. 

38. 

39. 

40. 

provision of this contract, including without limitation, breach of the indemnity provisions 
of subsection A of this Sectio'n 36. 

Contractor further agrees to defend, indemnify and hold harmless the Company, its 
directors, officers, employees, and agents, from and against any and all costs, damages, 
claims, expenses, violations, notices of violations, penalties, liens, assessments, and 
liabilities of every kind and nature, foreseeable or unforeseeable, directly or indirectly, 
arising from any release, removal, generation, use, storage or disposal on, under, 
around, or from the well site of any material, substance, or waste, hazardous or non- 
hazardous, including, without limitation, drilling fluids, mud, cuttings and development 
and test water howsoever same may be caused, including, without limitation, the 
Company's active or passive negligence. 

LIENS 

If at any time there shall be evidence of any lien or claim for which the Company might 
become liable and which is chargeable to the Contractor, the Company shall have the 
right to retain out of any payment then due or thereafter to become due, an amount 
sufficient to completely indemnify the Company against such lien or claim. If the 
Company determines that such lien or claim is valid, the Company may pay and 
discharge the same, and deduct the amount so paid from any monies which may be or 
become due and payable to the Contractor. 

PAYMENT 

Upon completion of the installation or construction, the Company will, within thirty (30) 
days after receipt of proper invoice and labor and material releases, pay the amount due 
the Contractor. If the Company believes that additional work, such as clean up, is 
required, it may deduct the total cost of such additional work from the amount to be paid 
to Contractor. 

COMPANY'S RIGHT TO TERMINATE CONTRACT: DAMAGES DUE TO DELAY 

If the Company finds the Contractor to be in material violation of any section of these 
General Conditions of Contract, Construction Specifications or Standard Specification 
Drawings or if the Contractor refuses or fails to prosecute the work, or any separable part 
thereof, with such diligence as will insure its completion within the time specified or any 
extension thereof, or fails to complete said work within such time, or when any other 
cause exists to justify such action, the Company may, without prejudice to any other right 
or remedy, by written notice to the Contractor, terminate its right to proceed with the work 
or such part of the work as to which there has been such violation, delay or other cause. 

In the event the Contractor's right to proceed is terminated, the Company may take over 
the work and take possession of, and utilize in completing the work, such materials as 
may be on the site of the work and necessary therefore and prosecute said work to 
completion by whatever method it may deem expedient. The Contractor and its sureties 
shall be liable to the Company for any excess cost caused thereby. 

In the event the Contractor's right to proceed with the work is terminated, the Contractor 
shall not be entitled to receive any further payment until the work is completed or the job 
is canceled. If the unpaid balance of the Contract price exceeds the expense of finishing 
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the work, including compensation for additional managerial and administrative services, 
such excess shall be paid to the Contractor. If such expenses exceed such unpaid 
balance, the Contractor shall pay the difference to the Company. 

41. GUARANTEE 

The Contractor shall guarantee all labor and workmanship and any materials it installs for 
a period of one year following the date of completion and acceptance by the Company. If 
any portion of the work or any of the materials become defective within the guarantee 
period, the Company will notify the Contractor of such defect. The Contractor must repair 
any defect within fifteen (15) days of such notification. If repairs are not completed within 
this time period, the Company may repair the defect, or cause such defect to be repaired, 
and the cost of such repairs shall be paid by the Contractor. The Company reserves the 
right to determine which defects are the result of poor labor and workmanship and which 
are caused by defective materials. 

42. LIQUIDATED DAMAGES FOR NON PERFORMANCE: REQUEST FOR 
EXTENSION(S) OF TIME 

Time is of the essence in the Contract. The time period required for completion of the 
work will be specified in the Contract. The Contractor agrees that the Company will suffer 
substantial damages in the event the Contractor fails to complete the work within the 
agreed upon time period. The Contractor and the Company agree that since it would be 
impracticable or extremely difficult to precisely fix such damages, a reasonable 
approximation of such actual damages suffered by the Company shall be a sum equal to 
0.5% of the Contract price for each working day beyond the time period for completion of 
the work specified in the Contract. 

Request by the Contractor for extensions of the time period shall be in writing and shall 
not become effective until approved in writing by the Company's Authorized 
Representative. 

43. PAYMENT FOR REQUIRED TESTING 

Whenever testing is required by any governmental agency or by the Company to assure 
conformance of the Contractor's work with the appropriate standard, it will be paid for as 
follows: 

a. For testing required under permits obtained by the Company or 
testing specifically requested by the Company, the cost of the first test 
will be paid for by the Company. In the event of failure of the first test, 
the cost of all further testing associated with the failure will be paid by 
the Contractor. 

b. For testing required under permits obtained by the Contractor, all 
costs will be paid by the Contractor. Testing of the pipeline for 
pressure and leakage will be included in the Contract price. 

P R W C  DATA\E-Cl GENERAL CONDITIONS OF CONTRACT.DOC 
MW:MRF 2:45 PM 01/15/10 

04/01/04 
MW:MRF 
E-4-1-1 1 



44. CONTRACT DEADLINES AND BONDS REQUIREMENTS 

The time limits to be allowed for the completion of any work covered in the Contract shall 
be established as follows: In the proposal submitted to the Company, in response to the 
Invitation to Bid, the Contractor shall state the number of calendar days required for 
completion of the work. The time required will become a part of the Contract. When the 
Company is ready to proceed with the work, a Commencement Notice will be issued by 
the Company to the Contractor by mail. The Commencement Notice will allow the time 
required in the Contract plus ten ( I O )  calendar days and will indicate the final day of the 
time allowed. The work cannot begin until the Company has received a performance 
bond and materials payment bond for the Contract price unless the bonds have been 
waived under the special conditions section of the Contract. The additional ten ( I O )  days 
is the allowance for time to deliver the Commencement Notice to the Contractor and for 
the Contractor to return the performance bond and materials payment bond to the 
Company. Time extensions will be granted if warranted, and only at the time of the delay, 
thus extending the final day of the time allowed. 

If the Company elects not to require a performance bond and a material payment bond 
for the work, the cost of the bonds will be deducted from the proposed total cost and the 
Contract will reflect this reduced cost and the bonds requirements will be waived under 
special conditions of the Contract. 
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GOODYEAR 
18403 W McOowell Rd 

Goodyear, AZ 85338 
Ph 520-3172176 ~ e b e r  Group L.C. Ph 520-887-2170 

Corporate Headquarters 16825 South Weber Drive Chandler, AZ 85206 
Ph. 480-961-1141 Fax 480-961-0290 

e l  e o  
x_ ----- 

Client: Arizona Water Company Survey Date: December 18,2009 
Address: Invoice: 20291 02 Run: 1 

City: Buckeye State: - Az Zip: Well Name: White Tanks Well #I4 
Requested By: Fred T. P.O.: Well Owner: Az Water Co. 
Copy To: Az Water Co. Camera: CCV S.S. Color Camera - Short L.H. 
Reason For Survey: General Inspection Zero Datum: Top of Casing 
Location: 'i 94th Aye. & Monte Vista Depth: 531 Ft Vehicle: 95 
Field: West Valley Type Perfs: Hydraulic Louvers 
Perf Intervals: 260-531 

Csg. l.D.@ Surface 12 In. 
Operator: Nathan Reveles Lat.: 33" 28' 11.8" Long.: 112" 28' 35.2" Sec: Twp: Rge: 

I.D. Reference: Measured Casing Buildup: Light 

Weiibore Snapshots 
True Depths: I IDownView-Feetl 

~ 

175' 

I 

WELLBORE I CASING INFORMATION 

There is scale on the casing from 100' to 248' 

Static water level 

Down view of the casing, hydraulic louvers start at 260'. 

Side view of the perfs 

Down view of perfs 

Side view of perfs' 

The water was cloudy from 420 to 531'. 

Side view of medium to heavy build up on the casing. 

Down view of white build up on the casing and louvers 

Side view of white build up. 

Fill 

GPS Elev. 1089 

There is light to medium build up on the casing from 248' to 445' & 

medium to heavy build up from 445' to 531' 

The perforations appear to be plugged from 260' to 320', 

mostly open to partially open from 320 to 420' & mostly plugged 

from 420' to 531' 

There is white build up on the perfs from 460' to 531'. 

Notes: The fiydraulic louvers begin at 260'. - 1. . 
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Corporale Headquarters 18825 Soul11 Weber Drive Chendler, AZ 86200 
Ph:I8O-S6CI 141 FaX:4EO-O619ZBO 

k)fQjlj# yiigcjjc$& .A R@pqq)p@ 
Client: Arizona Water Company Survey Date: December 28,2009 
Address: Invoice: 2029102 
City: Buckeye State:&fip: Well Name: White Tanks Well 4 
Requested By: Fred T. P.O.: Well Owner: A% Water Go. 
Copy To: Az Water Co. (tom) Camera: CCV S.S. Color Camera - Long L.H. .' 

Reason For Survey: after brushing Zero Datum: Top of Casing 
Location: 194th and Monte Vista Depth: 535 Ft Vehicle: 95 
Fleld: West Valley lmarlcopa county) Type Perfs: Hvdraulic Louvers 
Perf Intervals: 260-535 
Csg. I..D.@ Surface 12 In. 
Operator: Nathan Reveles tat.: Long.: Sec: Twp: Rge: 

Run: 2 

. .  

I.D. Reference: Measured Casing Bulldup: Light 

True Depths: 
Wellbore Snapshots (OownVlew-Feet] 

I WELLBORE I CASING INFORMATION 
- 

Statlo Water Level 

Slde vlew of multlple small corraded holes In the caslng. 

Down vlew of caslng. 
__ ~~ 

Large corraded hale In the casing. 

Dawn view of caslng and open perfaratians. 

The water was cIoudy/dldy from 390' to 535'. 

Top ofwhat appears to be an old patch. 

Bottom of old patch. 

Slde vlew afcaslng and perfs. 

Slde vlew of caslng and perfs. 

Fill 

The perfaratlans appeared to ba partially open fram 260' to 320', 

moslly open tram 32O'to 440' and partially open to mostly plugged 

from 440' to 535'. 

Tliere was a corraded perf at 398'. 

Notes: There IS a large hole in the casing at 294'. 
Page Number: 1 
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ARIZONA WATER COMPANY 

WELL RECORD 
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ARIZONA WATER COMPANY 

WELL RECORD 

THIS SECTION TO BE COMPLETED BY AWC OR CONTRACTOR 
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WELL RECORD 

THIS SECTION TO BE COMPLETED BY AWC OR CONTRACTOR 

. .  

THIS SECTION TO BE COMPLETED BY AWC OR CONTRACTOR 

Remarks: 

THIS SECTION TO BE COMPLETED BY AWC OR CONTRACTOR 

THIS SECTION TO BE COMPLETED BY AWC OR CONTRACTOR 

C:\UOCUMENTS AND BETTINQSWREO TRCGASKCS\LOCAL SETTINOWEMPORARY INTERNET ~lLCS\CONlENT.OUTLODkUOGCIBHP\DOC I.OOCX 
: I-'I(S:alh.01125HO 

111 6/09 
FKSafh 
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ARIZONA WATER COMPANY 

WELL RECORD 

THIS SECTION TO BE COMPLETED BY AWC OR CONTRACTOR 

Serial No.: Suctlon Slze (Inch): 1 Discharge Size (inch): 

otor Base Dia. (inch): Surface Plate Dia. (inch) Submersible Only: 

I Supplier: Date installed 

Remarks: 

cIDOCUMENlS AN0 SETTINGWRED TREGASKESUOcAL sElliNGS\lEMPOMRY INTERNET FILESICONTENT.OUTLOOK~~CC~Bl~P\D~Ci.~OCX 
FKSalh:01/25/10 

1/15/00 
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A R I Z O N A  WATER COMPANY 

WELL RECORD 

THIS SECTION TO BE COMPLETED BY AWC OR CONTRACTOR 

Service Size (Amps): Disconnect Size (Amps): 

Remarks: 

THIS SECTION TO BE COMPLETED BY AWC OR CONTRACTOR 

Voltage Phase Imbalance Protection 

hase Imbalance Current Phase Imbalance 

I 

c:\DocUMENTS AND SElTlNQSIFfiEO TREQASKES\LOCAL SElTlNGS\TEMPOl7ARY lE~EnNETFILES\CONTBNT.OUTLODKU~CC7Bl~lP~OC1.00 
FI<S:alh:01/25/10 
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€4-7-7 



ARIZQNA WATER COMPANY 

WELL RECORD 

@ Submersible Configuration: Vertical Hollowshaft-Right Angle 
Drive Vertical Hollowshaft 

Remarks: 

CIOOCUMENTS AN0 SElTINGSFflED TREGASI(ES1LOCAL SETTINQRITCMPORARY INTERNET FILES\CONTENT.OU~00Kll~CC7QliPl~Cl .OOCX 
FI(SaIf1:01/25/10 
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NATIONAL K8LC 6 STAGE BOWL ASSEMBLY w 
8" CENTRIPRO MOTOR 
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AS-B U I LT 3-30-2010 

ARIZONA ""-----1 
WELL DESIGN 

D.W.R. No. 55-6 I 6691 I 
LOCATION: WHITE TANK, ARIZONA I 
WELLNo. 4 I SHT. 1 OF 1 I 



f K8LC m, PERFORMANCE BASED ON 
PUMPING CLEAR, FRESH 
NON-AERATED WATER AT 
85' F. MAXIMUM. 3540 RPM 

NATIONAL PUMP 
COMPANY 

1 STG. 

200 
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0 

30 

20 . 

10 . 

0 
U.S. G.P.M. 0 200 400 600 800 1000 

0 10 20 30 40 50 GO 
LITERSISEC. I I I I I I I I I I I ,  1 I ,  I 1 ,  I ,  1 I I I I I 

C 
K L M N 

I 
G H *  J B AOOlSTG E F IN I I I I 1 1 I I IIMENSIONS A 

INCHES 17.50 I 5.50 I 6.50 I 8.12 I 6.56 1 1.12 I 
PUMP DATA I 

0. OF VAhES : 5 I DISCHARGE SIZE: 5". 6 
IRUST CONSTANT: 4.73  SUCTION SIZE: y, 6" 

'14.50 I 6.00 I 6.12 1 5.52 I 2.50 I 20.13 I - 
. .  

IPELLER: ENCLOSED I BOWL CONNECTION: FLANGED 

VTERAL: 0.688 1 STD. TUBE: 2" 
t'EAREA IN: 7.74.2 I W R ~ :  0.32LB.FT * 

36 {AFT DIA. : 1.25 E:L~G 85 I w ~ . , L ~ ~ .  A00 STQ 

'HIS DIMENSION TO BE USED WITH NPSHR. PUMP INSTALLATION 
\rD SYSTEM MUST SATISFY BOTI-I VALUES. PERFORMANCE BASED 

ON CAST IRON ENAMELED BOWLS AND BRONZE IMPELLERS. 

121 



CONSTRUCTION 
COMPLETION DATE: y- ' - ' WORK AUTHORIZATION NUMBER: 

6. 

t - L f - 7  ad- 

RED ............................................................................................................................................................... N A  
VALVE CARDS .............................................................................................................................................. 

&A 

PA- 
HYDRANT CARDS WITH COPY OF COVER LETTER ................................................................................ 

~ 

2r- MATERIALS INSTALLED OR RETIRED LISTED ON THE REVERSE SIDE OF THE W.A. WITH R.O.S. 
AND P.D.R. NUMBERS ................................................................................................................................. 
PRESSURE AND LEAKAGE TEST RESULTS: 

DATE TESTED 

__+__ 
TIME STARTED 

TIME FINISHED 

PIPE DIAMETER 

FOOTAGE TESTED 

ALLOWABLE LEAKAGE I 
LEAKAGE OBSERVED L 

I 
PRESSURE AT TEST POINT 

COMPANY EMPLOYEE OBSERVING TEST {print) 
I L INITIALS OF EMPLOYEE 

DISINFECTION SAMPLING: 

INITIAL SAMPLING 

(minimum 50 ppm available chlorine) 

AFTER 24 HOURS DETENTION TIME 

(minimum I O  ppm free chlorine) 

AFTER SUFFICIENT FLUSHING 
(water is clear and system C h  
residual is measured) 

BACTERIOLOGICAL SAMPLE(S) 

. -  
DATE 

TIME 

PPM Clt 

DATE 

TIME 

ATTACHED =Yes U N O  O Y e s  U N O  O Y e s  U N O  U Y e s  U N O  

I certify that construction on the above Work Authorization was completed as of the date shown above and for which all materials have been accounted. 
I further certify that I have inspected the work done and have found it to be satisfactory and in accordance with Company specifications. 

. . .  w r  or Operations Superintendent (signature) 
/ A -  7 - 1 0  

Date of Notice 

DOCUMENT1 I12/7110 1/15/09 I FKS:afh 1 E-5-4-1 
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d 
SYSTEM WHITE TANK 
DIVISION CASA GRANDE 
TAX CODE 2550 

ARIZONA WATER COMPANY 

WORK AUTHORIZATION 

WORK TO START BY 

WORK TO BE FINISHED BY 
UPON AUTHORIZATION 
WITHIN 8 DAYS 

W.A. NUMBER: 
P.E. NUMBER: 
BUDGET ITEM NO.: 

>ONTRACT PORTION 
NERHEAD 
rOTAL AUTHORIZED EXPENDITURES 
:HARGEABLE TO THIS W.A. 

UNDS RECEIVED: 

:ONTRIBUTIONS RECEIVED 

?EFUNDABLE ADVANCES RECEIVED 

:OTAL CONTRIBUTIONS/ADVANCES 

.................................................................................... 

..................................................................................... 

...................................................................................... 

..................................................................................... 

................................................................................... 

1-4737 

Special #9. 

12,44: 
3,22( 

$ 16,661 

( 

( 

( 

JET CASH REQUIRED 

Construct an asphalt driveway and gradingldrainage at Golightly Well No. 7 in White Tank, AZ. Construct in 
accordance with attached drawings and/or Arizona Water Company specifications. 

$ 16,66E 

FACTORS JUSTIFYING WORK: 

Improvements required by Maricopa County as part of the Special Use Permit for the installation of the nitrate 
treatment facility at Golightly Well No. 7. 

COST ESTIMATE 
SOST OF WORK: I 
UATERIAL ( .................................................................................... 
-ABOR 1,001 .................................................................................... 

I 

AUTH 0 RlZATlO N 

:OR SPE IAL BUDGET ITEM E CEEDING $10,000 -- L s 3 4 u  
William Garfield U -  

UJTHORIZED BY: 

A P P R O V E D  V I A  FAX 
R. H. Nicholson, Jr. 

:ONSTRUCTION RELEASE: 

0 4 / 2 0 / 2 0 1 0  

I AFH 

WA 1-4737 GolighUy Asphalt Drivexls I4/13/2010 03/26/081 JPK:AFH I WA.XLS 



ARIZONA WATER COMPANY 

\ 
1 

W.A. NUMBER: 

P.E. NUMBER: 

TESTINGFEE 

PERMITFEE 

I '  

1-4737 

' 

BUDGET ITEM NO Special #9 WORKAUTHORIZATION- DETAIL SHEET SHEET NO 2 o f 2  
PLANT PROPERN ACCOUNT I UNIT DESCRIPTION I QUANTITY I YEAR INSTALLED AND W A  NUMBER 

R E T I R E M E N T  I I I II 

SURVEY FEE 

'FIELD ~NWECTION 314 1 1,000 00 
INSTALL SERVICE CONNECTIONS DOUBLE-LONG 345 
INSTALL SERVICE CONNECTIONS DOUBLE-SHORT 345 
INSTALL SERVICE CONNECTIONS SINGLE-LONG 345 
INSTALL SERVICE CONNECTIONS SINGLE-SHORT 345 

_-  - - . -  
P R O P E R T Y  
U N I T S  

N 

JBTOTAL - CONTRACT WORK, MATERIALS, AND LABOR 

VERHEAD 

COST ESTIMATE >TAL REFUNDABLE PORTION [7 NON-REFUNDABLE PORTION 0 

II Construct an asphalt driveway and grading/drainage at Golightly Well No. 7 in White Tank, AZ. 

$ 13,442 
3,226 

16,668 $ 

DESCRIPTION PLANT PROP ACCT QUANTIN UNIT COST TOTAL 

7,521 
4,411 

Construct asphalt driveway 314 I $  
Construct grading I drainage 314 1 4,411 .OO - Tax 314 1 410.00 

u 
3 Performance and Payment Bond 314 1 100.00 

< 
SERVICE CONNECTIONS COMPLETE DOUBLE-LONG 345 
SERVICE CONNECTIONS COMPLETE DOUBLE-SHORT 345 
SERVICE CONNECTIONS COMPLETE SINGLE-LONG 345 
SERVICE CONNECTIONS COMPLETE SINGLE-SHORT 345 

I I I I - OTAL CONTRACT WORK 

4 
r 

SERVICE CONNECTIONS DOUBLE-LONG 345 

345 
i SERVICE CONNECTIONS SINGLE-SHORT 345 

METERS 346 

' iERViCE CONNECTDNS DOUBLE-SHORT 345 
i 

SERVICE CONNECTIONS SINGLE-LONG 

3TAL MATERIALS 

I I I m 

WA 1-4737 Golightly Asphalt Driveds I 4/1312010 03/26/08 1 JPK:AFH I WADS.XLS 



Planning & Development 
Department 

MEMORANDU 

TO: Terri S. Hogan, AICP Principal Planner ~~~~~~~ WATER COMPA 

From: Rachel Applega te, Plan n@c23]- -  k/'- --- 
Subject: 

Date: November 18, 2008 

PHOENIX - ~~~~~~~~~~~ 

22008100, Status Report, Arizona Water Company - Go Lightly Well 7 

Reauest: 

The applicant is requesting approval of the 2008 Status Report for Special Use Permit 
22002002. 

Backs round: 

April 19, 1995, The Board of Supervisors (50s) apptoved 295-9 a request to rezone from 
Rural-43 to IND-2 without stipulations. 

Febrwary 21, 2007, The BOS approved 22006111, alspecial Use Permit (SUP) for a water 
treatment plant in the IND-2 zoning district, and Accident Potential Zone 2 of the Luke Air Force 
Base a t  Go Lightly Well #7. Approval was subject to the following stipulations: 

I 

a. Development and use of the site shall comply with the site plan entitled, "Arizona 
Water Company Go Lightly Well 7 Nitrate Treatment Project" consisting of one 
(1) full-size sheet dated revised December 7, 2006 and stamped received 
January 3, 2007 except as modified by thd following stipulations. 

Development and use of the site shall comply with the narrative report entitled, 
"Special Use Permit Application Narrative Report For Arsenic Treatment Addition" 
consisting of seven (7) pages, dated revised December 2006 and stamped 
received December 22, 206 except as modified by the following stipulations. 

b. 

c. The following Maricopa County Environmental Services (MCESD) stipulations shall 
be met: 

Facility construction must be in conformance with the Approval to Construct, 
The stipulations listed in the conditional Approval to Construct must be met 
to retain the Special Use Permit. 

d. All transformers, back-flow prevention devices, utitity boxes and all other utility 
related ground mounted equipment shall be painted to complement the 
development and shall be screened with landscape material where possible. All 
HVAC units shall be ground-mounted. 

e. Development and use of  the site shall comply with requirements for fire hydrant 
placement and other fire protection measures as deemed necessary by the 
applicable fire department. Prior to issuance of zoning clearance, the applicant 
shall seek review and comment from the applicable fire protection agency, and 
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Planning & Development 
Department 

MEMORANDUM 

shall provide written confirmation that the site will be developed in accordance 
with their requirements, 

f. All outdoor lighting shall conform to the Maricopa County Zoning Ordinance. 

g, Prior to zoning clearance, developer(s) and/or builder(s) shall establish 
emergency fire protection services, covering all real property contained within 
the project area during course of construction and shall obtain a 'will serve' letter 
substantiating coverage from the appropriate Fire Department sewing the site. 

h, The applicant shall submit a written report outlining the status of the 
development at the end of one (1) and twenty (20) years from the date of the 
approval by the Board of Supervisors. The status reports shall be reviewed by 
staff to determine whether the Special Use Permit remains in compliance with 
the approved stipulations . 

i. This Special Use Permit (SUP) shall expire twenty-five (25) years from the date 
of approval by the Board of Supervisors, or upon termination of the use, 
whichever occurs first. All of the site improvements shall be removed within 60 
days of such termination or expiration. 

j. Major changes to the Special Use permit shall be processed as a revised 
application, with approval by the Board of Supervisors upon recommendation of 
the Planning and Zoning Commission. Minor changes may be administratively 
approved by the Planning and Development Department. Major changes to the 
Special Use Permit may require a new Citizen Participation Process as determined 
by the Planning and Development Department. 

k. Noncompliance with the conditions of approval will be treated as a violation in 
accordance with the Maricopa County Zoning Ordinance. Further, noncompliance 
of the conditions of approval may be grounds for the Planning and Zoning 
Commission to take action in accordance with the Maricopa County Zoning 
8:d i na nce . 

I. Noncompliance with the regulations administered by the Maricopa County 
Environmental Services Department, Maricopa County Department of 
Transportation, Drainage Review Division, Planning and Development 
Department, or the Flood Control District of Maricopa County may be grounds for 
initiating a revocation of this Special Use Permit as set forth in the Maricopa 
County Zoning Ordinance. 

m. Property owner and his successors waive claim for diminution value if the County 
takes action to rescind approval due to noncompliance with stipulations, 

Discussion: 
A letter dated November 3, 2008 submitted by Andy Haas with Arizona Water Company provides 
information regarding the failure of the plant. Repairs to the system are currently being made and 
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Department 

MEMORANDUM 

the applicant has requested a one (1) year timeframe for another status report in order to get the 
system operational and to complete Validation and Commissioning testing to be brought back into 
service. MCESD reviewed the applicant's request for another status report in one year with the 
projected timeframe to get the system operational and raised no objection t o  the status report. 
The stipulations approved with 22006113. have not been met, as per the request by the applicant, 
Planning and Development is supportive of another status report due in one (1) year. There were 
no objections for the approval of this Status Report form Maricopa County Department of 
Transportation, Drainage Review, and the Maricopa County Environmental Services Department. 

Recommendation: 
Based on the discussion above, staff recommends approval of the request for another status report 
due one (1) year for the following reasons: 

a Applicant provided a timeline in order to make the necessary repairs and obtain 
validation and commission testing. 

a Review County agencies have no objections. 

Acceptance of this Status Report is subject to the following stipulation: 

a, 

b. 

All stipulations of approval for 22006111 shall remain intact as may be applicable. 

A Status Report shall be submitted to Planning and Development by November 
17, 2009. A new Status Report will be required along with written responses with 
the approved designated stipulations with 22006111 and 22008100. 

I concur with the above recommendation. 

Terri S. Hogan, AICP Principal Planner 
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IN PUT DIVISION INFORMATION 
DIVISION ADDRESS 

DIVISION PHONE NUMBERS PROPQSAL/CONTRACT 

I 

I 

I 
CONTRACTOR SUBMiTS this PROPOSALICONTRACT 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 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"), ail 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 
Proposal/Contract. 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 ProposaVContract. 

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 iist of ali makriais- i o  be used in the ?reject. The maieriais iist wili inciucie ihe manbfacturer, par? 
number, price and quantity included in this Proposal/Contract. 

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 Ta f )  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. §42-5061 5.6.). 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 ail supporting original vendor invoices 
and satisfactoty evidence of payment thereof. The Company wiil 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 ProposallContract 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 ninetyday (90) period, Contractor may cancel this ProposallContract 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. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

ot 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 instailed/constructed 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 ProposallContract for Contractor's unsatisfactory peiformance 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. 

11. 

12. 

SPECIAL CONDITIONS: 

NONE 

ARIZONA WATER COMPANY 

1 
I 
I 
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IN PUT DIVISION INFORMATION 
DIVISION ADDRESS 

Casa Grande Az. 85222 I m Y e s  fl No I 
DESCRIPTION Construct grading , & drainage improvements. Construct asphalt driveway at the Golightly 

well site 1549 N. Perryville Road , Buckeye Az.In a portion of the NW 1/4 SEC. 3 T. 1 N. 
, R. 2 W. Per DWG # WT-300. , AWC Specs and persuant to MCDOT permits. 

OF PROJECT 

1-2. MATERIALS EXEMPT FROM CONTRACTING TAX [per Paraaraph 6 )  a u A N T m  

Construct grading and drainage per approved building permit and drawing. 
Construct asphalt driveway per approved right-of-way permit and drawing. 

1 
1 

3. Total Labor to Install Exempt Materials (add the amounts in column 1) .................................. 

4. Total Exempt Materials (add the amounts in column 2) .................................. 

~ 

TOTAL COST UNIT PRICE 

LABOR MATERIALS LABOR MATERIALS e 

............................................ 

................................................................ 

MATERIALS 5-6. NON-EXEMPT MATERIALS QUANTITY LABOR MATERIALS LABOR 

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) 

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) 

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) 

............................................................................. 
............................................................................ 
............................................................................ 
...................................................................................................... -l,h\oB!q I 
...................................................................................................... 
...................................................................................................... 

...................................................................................................... 

NOTE: The Estimated Total Cost includes all labor and materials for backfill, pavement replacement, chip seal, and traffic control necessary for the Project. 
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A 

6. 

C. 

D. 

E. 

F. 

G. 

A C O M P A N Y  

GENERAL CONDITIONS OF CONTRACT 
E-4-1 

DEFl N ITIONS 

Companv. 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 br th  Black Canyon Highway, Phoenix, 
Arizona 8501 5-5351 (Post Office Box 29006, Phoenix, Arizona 85038-9006). 

Company's Authorized Representative. The words "Company's Authorized 
Representative" mean any officer of the Company, and any of the Company's Engineers, 
any Division Manager or Superintendent of the Company 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. 

Contractor. The word "Contractor" means either an individual or other entity employed to 
do the work as shown on the Construction Drawings and as specified herein. 

Construction Drawings. The words "Construction Drawings" mean plans prepared by or 
on behalf of Arizona Water Company. 

Invitation to Bid. The term "Invitation to Bid" means the current copy of Arizona Water 
Company's Form E-3-1 1-4 Request for Proposal/Contract or Form E-3-12-2 Invitation to 
Bid. 

Contract. The word "Contract" means the written document 
"ProposallContract" when such document has been signed by 
authorized representative of both the Contractor and the Company. 

titled "Contract" or 
an officer or other 

Representative or a Inspector. The word "Inspector" means the Company's Authorized 
person designated in writing by the Company's Authorized Representative. 

, 
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GENERAL CONDITIONS OF CO 

1. 

2. 

3. 

4. 

5. 

GENERAL 

These General Conditions of Contract govern all works of installation and construction 
unless deviations are provided for on the Construction Drawings or in the Contract. 

BONDS 

The Contractor shall, upon request by the Company, furnish a performance bond and a 
material payment bond in the amount of 100% of the Contract price, in a form and from a 
surety acceptable to the Company. 

LABOR AND/OR MATERIAL RELEASES 

The Contractor shall supply labor and/or material releases satisfactory to the Company 
when requested to do so. Forms will be provided by the Company. 

LICENSE 

The Contractor shall have, as may be required by law, a valid license applicable to the 
work to be performed. 

INSURANCE 

The Contractor shall maintain in full force and effect insurance at no less than the 
following minimum amounts: 

. -___ I...-._...,X" .. _II .---I-. ~~ --IX..-.-. .... .-..._-____.. .. ..-I_..-.- . 
WORKER'S COMPENSATION In accordance with requirements 

of the laws of the State of 
Arizona. 

Combined single limit of not less 
than $1,000,000 for each 
occurrence. 

Combined single limit of not less 
than $1,000,000 for each 

Contractor shall either require 
each of its subcontractors to 
procure and to maintain 
Subcontractor's Public Liability 
and Property Damage Insurance 
and Vehicle Liability Insurance of 
the type and in the amounts 
specified in this Section 5 or 
insure the activities of its 
subcontractors in Contractor's 
own policy, in like amounts. 

__̂ .̂ _.___"..I . . .-_-.I_._.I.--I_-III___.X_II" ........... .I_._-.....I_ ......... ___"I 

COMPREHENSlVE GENERAL LlABlLlTY 
(Including contractual liability covering 
death, bodily injury and property damage) 

AUTOMOTIVE LIABILITY 
(Including owned, non-owned and hired 
vehicles) occurrence. 

SUBCONTRACTOR'S PUBLIC LIABILITY 
AND PROPERTY DAMAGE INSURANCE 
AND VEHICLE LIABILITY INSURANCE 

....... I__._..__..^_I_ I---... . . .____I_._.I.___ .. 

.............. -I" ... I-.-I ..... ....... "X..-..-.l.-l.-_._lI .. .................. 

. . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .- . - .  I_ ....................... - I .............. 
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Such insurance shall name the Company, its officers, agents, and employees as 
additional insured and be primary for all purposes. 

The Company will at all times have the right to require that all of such insurance be 
placed with insurance companies that are satisfactory to it. The Contractor shall file with 
the Company a certificate evidencing that each policy of insurance for the above 
coverages in the minimum amounts specified has been purchased and is in good 
standing. 

Such certificate shall provide that notice be given to the Company at least thirty (30) days 
prior to cancellation or material change in the form of such policies or any of them. Such 
certificates shall be kept on file by the Company and the Company must have current 
certificates on file, or a certificate must accompany any bid proposal, before that proposal 
will be accepted by the Company. 

6. CONTRACTOR UNDERSTANDS WORK AND WORKING CONDITIONS 

By executing a Contract with the Company, the Contractor warrants that it has, by careful 
examination, satisfied itself as to the nature and location of the work, including soil 
conditions, the character, quality and quantity of the materials to be encountered, the 
character of the equipment and facilities needed preliminary to and during prosecution of 
the work, the general and local conditions, and all other matters which can in any way be 
expected to affect its work under the Contract. Verbal agreements or conversations with 
any officer, agent or employee of the Company, either before or after the execution of the 
Contract, are not binding upon the Company and shall not affect or modify any of the 
terms or obligations herein contained. 

7. SPECIFICATIONS AND DRAWINGS 

The Contractor shall keep on the job a complete copy of all drawings and specifications 
furnished by the Company which are applicable to the Contract with the Company. 
Anything mentioned in the specifications and not shown on the drawings or shown on the 
drawings and not mentioned in the specifications shall be of like effect as if shown or 
mentioned in both. in case of a discrepancy between the figures, drawings or 
specifications and physical conditions of the job, the matter shall be immediately 
submitted to the Company's Authorized Representative for decision as to adjustments, if 
any, because of the discrepancy; without a decision from the Company's Authorized 
Representative no discrepancy shall be adjusted by the Contractor, save only at its own 
risk and expense. Any deviation from the specifications must be approved in writing by 
the Company's Authorized Representative. 

8. PROPERTY PROTECTION 

Trees, fences, poles, underground structures and all other property shall be protected 
unless their removal is authorized on the Construction Drawings. Any property damaged 
shall be restored by the Contractor, at its expense, to the owner's satisfaction. 
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9. SPECIAL PERMITS, LICENSES AND INSURANCE 

I O .  

11. 

12. 

13. 

14. 

15. 

The Company shall obtain all permits for railroad, county, state, city and irrigation district 
rights-of-way as well as Forest Service, State Land Department and Bureau of Land 
Management permits. (Pipeline Contractors) 

Whenever blasting is required, the Contractor shall obtain all permits, licenses and 
insurance required at its expense. (All Contractors) 

The Contractor will be required to obtain, and shall certify in writing to the Company that it 
has obtained, all additional permits required to perform the work including, but not limited 
to, a National Pollution Discharge Elimination System Permit and/or an Aquifer Protection 
Permit as those permits relate to disposal of drilling, development and test waters and/or 
any other discharge or similar activity. (Well Drilling Contractors) 

SURVEYS 

The Company shall be responsible, or arrange, for all surveys required for the work 
covered in the Contract, unless otherwise specified. 

BENCH MARKS, PROPERTY STAKES AND SURVEY STAKES 

Bench marks, property stakes and survey stakes shall be preserved by the Contractor; in 
case they are destroyed or removed by Contractor or its employees, the Company will 
replace them at the Contractor's expense, and the Contractor and its sureties shall be 
liable therefore. 

TOOLS, EQUIPMENT AND MATERIALS 

The Contractor shall furnish all of the necessary tools, equipment, and pipeline materials 
required for the work. All material furnished by the Contractor shall be of the quality 
specified by the Company in its Construction Specifications (E-8-1 ). 

SUPERINTENDENCE BY CONTRACTOR 

The Contractor shall assure adequate superintendence of the work by a competent 
foreman or superintendent (with full authority to act on behalf of Contractor) satisfactory 
to the Company, who will be on the job at all times when work is in progress. 

ORDER AND DISCIPLINE 

The Contractor shall at all times enforce strict discipline and good order among its 
employees. 

INDEPENDENT CONTRACTOR 

The Contractor is an independent contractor and any provisions in the Contract, the 
specifications, or these General Conditions of Contract and Arizona Water Company's 
Construction Specifications which may appear to give the Company the right to direct the 
Contractor as to the details of the doing of any work to be performed by the Contractor, 
or to exercise a measure of control over said work, shall be deemed to mean and shall 
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mean, that the Contractor shall follow the desires of the Company in the results of the 
work only and not in the means whereby said work is to be accomplished, and the 
Contractor shall use its own discretion and shall have complete and authoritative control 
over the work and as to the details of the doing of the work. 

16. PUBLIC SAFETY AND CONVENIENCE 

Contractor shall at all times conduct its work so as to ensure the least possible 
obstruction to traffic and other inconvenience to the general public and the residents and 
businesses in the vicinity of the work, and to ensure the protection of persons and 
property. 

To protect persons from injury and to avoid property damage, Contractor shall provide 
and maintain adequate barricades as required during the progress of the work and until it 
is safe to use the property for its intended purpose. The rules and regulations of the local 
governmental agencies and specific permit requirements respecting safety provisions 
shall be observed at all times. 

In the case of blasting, the Contractor shall exercise extreme caution to protect the 
general public and personal and public property from harm or damage. 

17. PROPERTY PROTECTION 

Trees, Bnces, poles, and all other property shall be protected unless their removal is 
authorized by the Company. Any property damaged shall be restored by Contractor, at 
his expense, to Company’s satisfaction. 

18. RESPONSIBILITY OF CONTRACTOR 

The work shall be under Contractor’s responsible care and charge. Contractor shall bear 
all loss and damage whatsoever and from whatsoever cause, except that caused solely 
by the act of Company, which may occur on or to the work during the fulfillment of the 
Contract. If m y  loss or damage occurs, Contractor shall immediately make good any 
such loss or damage, and in the event of Contractor refusing or neglecting to do so, 
Company may, or by the employment of some other person, make good any such loss or 
damage, and the cost and expense of so doing shall be charged to Contractor. 

The mention of any specific responsibility or liability imposed upon Contractor shall not 
be construed as a limitation or restriction of any general liability or duty imposed upon 
Contractor by the Contract. The reference to any specific duty or liability being made 
herein is merely for the purpose of explanation. 

Contractor alone shall at all times be responsible for the safety of Contractor, 
Contractor’s employees, and its subcontractors’ employees, and for Contractor and its 
subcontractors’ plant and equipment and the method of performing the work. 

19. ERRORS AND OMISSIONS 

If Contractor, in the course of the work, becomes aware of any errors or omissions in the 
Contract Documents or in the instructions, or if Contractor becomes aware of any 
discrepancy between the Contract Documents and the physical conditions of the site of 
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the work, Contractor shall immediately inform Company in writing. Any work done by 
Contractor after such discovery, until authorized by Company, will be done at 
Contractor's risk. 

20. LAWS, REGULATIONS 

Contractor shall give all notices required by law and comply with all laws, ordinances, 
rules and regulations, including, but not limited to, all applicable federal, state, local and 
other legally required health and safety standards, orders, rules, regulations or other 
laws, pertaining to the conduct of the work. Contractor shall be liable for, and shall 
defend and indemnify Company against and hold it harmless from, all violations of any 
law, ordinance, rule, regulation, standard, or order in connection with work furnished by 
or on behalf of Contractor. If Contractor observes that the Contract Documents are at 
variance with any law, ordinance, rule, regulation, standard, or order it shall promptly 
notify Company in writing and any necessary changes shall be adjusted as provided in 
the Contract for changes in the work. Contractor shall not perform any work contrary to 
such laws ordinances, rules, regulations, standards, or orders. 

21. PERMITS, FEES AND INSPECTIONS 

Permits and licenses necessary for the prosecution of the work, including, but not limited 
to, any National Pollution Discharge Elimination Systems (NPDES) Permits required by 
U.S. Environmental Protection Agency or the Arizona Department of Environmental 
Quality shall be secured, paid for, and complied with by Contractor. 

Contractor shall be responsible for its actions and shall abide by all conditions and/or 
restrictions set forth in the NPDES Permit and any other permit or license required for 
this project. 

Company shall at.all times have access to the work whenever it is in preparation or in 
progress and Contractor shall provide proper facilities for such access and for all 
inspections. If the Contract Documents, the General Superintendent's instructions, laws, 
ordinances or any public authority require any work to be inspected or approved, 
Contractor shall give timely notice of its readiness for inspection. 

Inspection of the work shall not relieve Contractor of any of its obligations even if 
defective work or unsuitable materials may have been previously overlooked by 
Company and accepted or estimated for payment. If any work is found not in accordance 
with the Contract Documents, Contractor, at its sole cost and expense, shall promptly 
make good such defective work. 

22. CONSTRUCTION MARKING (PIPELINE ONLY) 

Each job shall be marked and/or barricaded by the Contractor in such a manner that the 
construction is clearly visible at all times. 

23. EXTRA WORK AND/OR MATERIALS 

Except as otherwise herein provided, no charge for any extra work and/or material will be 
allowed unless the same has been ordered in writing by the Company's Authorized 
Representative, and the price stated in such order. 
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24. 

25. 

26. 

27. 

28. 

29. 

CHANGES 

The Company shall have the right to make any changes in the work that it may determine 
to be necessary. If such changes affect the cost of the work, an equitable adjustment 
shall be negotiated. Changes shall in no way affect or void the obligations of both parties 
under the original Contract. 

INSPECT I ON 

All work and material shall be open at all times to inspection and acceptance or rejection 
by the Company's Inspector. Any work covered up by the Contractor prior to inspection 
and acceptance by the Company shall be subject to being uncovered at the expense of 
the Contractor for inspection by the Company. The Contractor shall give the Company 
reasonable notice of starting new work and shall provide, without extra charge, 
reasonable and necessary facilities for inspection, even to the extent of taking out 
portions of finished work. In case any such finished work removed is found satisfactory, 
however, the actual direct cost of such removal and replacement, plus 15% of such cost, 
will be paid by the Company; in addition, if completion of the work has been delayed 
thereby, the Contractor shall be granted a suitable extension of time on account of the 
additional work involved. 

DEFECTIVE WORK OR MATERIAL 

The Contractor shall remove, at its own expense, any work or material found defective by 
the Company's Inspector and shall rebuild and replace the same without extra charge; in 
default thereof, the same may be done by the Company at the Contractor's expense. 

ASSIGNMENT 

Neither prty to the Contract may assign the Contract or sublet it in whole or in part 
without the written consent of the other, nor shall the Contractor assign any monies due 
or which may become due hereunder without the previous written consent of the 
Company, nor shall such consent release the Contractor from any of its obligations and 
liabilities under the Contract. 

RIGHTS OF VARIOUS INTERESTS 

Whenever work that is being done for the Company other than by the Contractor is 
contiguous to work being done by the Contractor, the respective rights of the various 
interests involved shall be established by the Company to secure the completion of the 
various portions of the work in general harmony. 

SUSPENSION OF WORK 

The Company's Authorized Representative may at any time and for any reason suspend 
all or any portion of the work under the Contract. This right to suspend work shall not be 
construed as denying the Contractor compensation for actual, reasonable and necessary 
expenses due to suspension to which it may be entitled. 

The Company's Authorized Representative may order the Contractor to suspend any 
work because of certain conditions, such as inclement weather, or because the 
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30 

31. 

32. 

33. 

34. 

Contractor is in violation of these General Conditions of Contract or he Construction 
Specifications. It is understood that compensation for expenses will not be allowed for 
such suspension when ordered by the Company's Authorized Representative on account 
of such conditions. 

PROCEDURE OF WORK (PIPELINE ONLY) 

All work under the Contract shall be planned and performed so as to cause a minimum of 
interference with normal vehicular and pedestrian traffic. At no time shall the Contractor 
completely obstruct the traffic to any business establishment during normal work hours of 
that business. It shall be the Contractor's responsibility to maintain facilities for ingress 
and egress to any business establishment. When crossing any street, not more than one- 
half of the street may be blocked at one time. All federal, state, county and city laws, 
rules and regulations relating to this subject are to be obeyed. 

The Contractor shall complete any portion or portions of the work in such order of time as 
the Company may require. The Company shall have the right to take possession of and 
use any completed or partially completed portions of the work. If such prior possession or 
use increases the cost of or delays the work, the Contractor will be entitled to extra 
compensation or extension of time or both, as the Company may determine. 

DISPUTES 

All questions or controversies which arise between the Contractor and the Company, 
under, or in reference to, the Contract, shall be decided by the Company's Authorized 
Representative and a representative of the Contractor, and their decision shall be final 
and conclusive upon both parties. 

CONNECTION TO EXISTING SYSTEM (PIPELINE ONLY) 

Unless approved in writing by the Company's Authorized Representative, no tie-in or hot 
tap on the existing system shall be made unless the Company's Inspector is present. 
When the tie-in requires the operation of an existing valve or other control equipment, the 
conditions of Paragraph 29 shall be complied with. The Contractor shall notify the 
Company twenty-four (24) hours prior to tie-in as to the exact time the Contractor plans to 
make tie-in so that the Company's Inspector will have sufficient time to locate valves and 
make necessary preliminary arrangements for shut down. 

PLANNED INTERRUPTION OF WATER SERVICE (PIPELINE ONLY) 

No valve or other control on an existing Company water system shall be operated for any 
purpose by the Contractor without approval of the Company's Inspector. All of the 
Company's water customers whose service is interrupted by a planned interruption, other 
than in cases of emergency, shall be notified by the Contractor at least twenty-four (24) 
hours before the planned interruption and advised of the probable time when 
will be restored. 

EXISTING UTILITY FACILITIES (PIPELINE ONLY) 

The Contractor shall notify all known utilities in the area of the work to be 
under the Contract and shall make arrangements to have their facilities 
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35. 

36. 

37. 

A 

B. 

accordance with A.R.S. 240-360.022 ("Blue Stake Law"). The Contractor shall be 
responsible for locating and preserving all marked facilities. Any damages to these 
marked facilities shall be repaired at the expense of the Contractor. 

The Company will pay the cost to relocate its or other structures when such structures 
are found occupying the physical space of the proposed installation. It is understood that 
the Contractor will be reimbursed for such work only when written authorization from the 
Company has been obtained in advance of such work. 

CLEANING 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 
resulting from its operations. In the event Contractor fails to do so, the Company may 
remove same at the expense of the Contractor. 

WORKING HOURS (PIPELINE ONLY) 

Unless stated to the contrary in the Invitation to Bid and/or so stated on the Construction 
Drawings, or agreed to by the Company during a Pre-Construction Conference, the 
Contractor shaJl not be permitted to perform work on Saturdays, Sundays, or Company 
holidays, or commence work such as tie-ins that cannot be completed during normal 
working hours. 

INDEMNITY 

The Contractor shall indemnify the Company against, and save and hold it harmless 
from, any and all liability, claims, demands, loss, actions, causes of action, expense, 
penalties, fines, assessments, damages and costs of every kind and nature for injury to 
or death of any and all persons, including, without limitation, employees or 
representatives of the Company or of the Contractor or of any subcontractor, or any other 
person or persons, and for damage, destruction or loss, consequential or otherwise, to or 
of any and all property, real or personal, including, without limitation, property of the 
Company or of the Contractor or of any subcontractor, or of any other person or persons, 
and the violation of any law, ordinance, rule, regulation, standard, or order resulting from 
or in any manner arising out of or in connection with the performance of the work under 
the Contract, howsoever same may be caused, including, without limitation, the 
Company's active or passive negligence. The Contractor shall also, upon request by the 
Company, and at no expense to the Company, defend the Company in any and all suits, 
concerning such injury to or death of any and all persons, and concerning such damage, 
destruction or loss, consequential or otherwise, to or of any and all property, real or 
personal, including, without limitation, suits by employees or representatives of the 
Company or of the Contractor or of any subcontractor, or any other person or persons, or 
concerning any court or administrative proceeding concerning the violation of any law, 
ordinance, rule, regulation, standard, or order. Excluded from this paragraph are only 
those injuries to or deaths of persons and damage, destruction or loss, to or of property 
arising from the sole negligence or willful misconduct of the Company. 

Contractor shall indemnify the Company against, and save and hold it harmless from, 
any and all liability, claims, demands, damages, costs, expenses and attorney's fees, 
suffered or incurred on account of any breach of any obligation, covenant or other 
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provision of this contract, including without limitation, breach of the indemnity provisions 
of subsection A of this Section 36. 

C. Contractor further agrees to defend, indemnify and hold harmless the Company, its 
directors, officers, employees, and agents, from and against any and all costs, damages, 
claims, expenses, violations, notices of violations, penalties, liens, assessments, and 
liabilities of every kind and nature, foreseeable or unforeseeable, directly or indirectly, 
arising from any release, removal, generation, use, storage or disposal on, under, 
around, or from the well site of any material, substance, or waste, hazardous or non- 
hazardous, including, without limitation, drilling fluids, mud, cuttings and development 
and test water howsoever same may be caused, including, without limitation, the 
Company's active or passive negligence. 

3%. 

39. 

40. 

LIENS 

If at any time there shall be evidence of any lien or claim for which the Company might 
become liable and which is chargeable to the Contractor, the Company shall have the 
right to retain out of any payment then due or thereafter to become due, an amount 
sufficient to completely indemnify the Company against such lien or claim. If the 
Company determines that such lien or claim is valid, the Company may pay and 
discharge the same, and deduct the amount so paid from any monies which may be or 
become due and payable to the Contractor. 

PAYMENT 

Upon completion of the installation or construction, the Company will, within thirty (30) 
days after receipt of proper invoice and labor and material releases, pay the amount due 
the Contractor. If the Company believes that additional work, such as clean up, is 
required, it may deduct the total cost of such additional work from the amount to be paid 
to Contractor. 

COMPANY'S RIGHT TO TERMINATE CONTRACT: DAMAGES DUE TO DELAY 

If the Company finds the Contractor to be in material violation of any section of these 
General' Conditions of Contract, Construction Specifications or Standard Specification 
Drawings or if the Contractor refuses or fails to prosecute the work, or any separable part 
thereof, with such diligence as will insure its completion within the time specified or any 
extension thereof, or fails to complete said work within such time, or when any other 
cause exists to justify such action, the Company may, without prejudice to any other right 
or remedy, by written notice to the Contractor, terminate its right to proceed with the work 
or such part of the work as to which there has been such violation, delay or other cause. 

In the event the Contractor's right to proceed is terminated, the Company may take over 
the work and take possession of, and utilize in completing the work, such materials as 
may be on the site of the work and necessary therefore and prosecute said work to 
completion by whatever method it may deem expedient. The Contractor and its sureties 
shall be liable to the Company for any excess cost caused thereby. 

In the event the Contractor's right to proceed with the work is terminated, the Contractor 
shall not be entitled to receive any further payment until the work is completed or the job 
is canceled. If the unpaid balance of the Contract price exceeds the expense of finishing 
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the work, including compensation for additional managerial and administrative services, 
such excess shall be paid to the Contractor. If such expenses exceed such unpaid 
balance, the Contractor shall pay the difference to the Company. 

41. GUARANTEE 

The Contractor shall guarantee all deslabor and workmanship and any materials it installs for 
a period of one year following the date of completion and acceptance by the Company. If 
any portion of the work or any of the materials become defective within the guarantee 
period, the Company will notify the Contractor of such defect. The Contractor must repair 
any defect within fifteen (15) days of such notification. If repairs are not completed within 
this time period, the Company may repair the defect, or cause such defect to be repaired, 
and the cost of such repairs shall be paid by the Contractor. The Company reserves the 
right to determine which defects are the result of poor labor and workmanship and which 
are caused by defective materials. 

42. LIQUIDATED DAMAGES FOR NON PERFORMANCE: REQUEST FOR 
EXTENSION(S) OF TIME 

Time is of the essence in the Contract. The time period required for completion of the 
work will be specified in the Contract. The Contractor agrees that the Company will suffer 
substantial damages in the event the Contractor fails to complete the work within the 
agreed upon time period. The Contractor and the Company agree that since it would be 
impracticable or extremely difficult to precisely fix such damages, a reasonable 
approximation of such actual damages suffered by the Company shall be a sum equal to 
0.5% of the Contract price for each working day beyond the time period for completion of 
the work specified in the Contract. 

Request by the Contractor for extensions of the time period shall be in writing and shall 
not become effective until approved in writing by the Company's Authorized 
Representative. 

43. PAYMENT FOR REQUIRED TESTING 

Whenever testing is required by any governmental agency or by the Company to assure 
conformance of the Contractor's work with the appropriate standard, it will be paid for as 
follows: 

a. For testing required under permits obtained by the Company or 
testing specifically requested by the Company, the cost of the first test 
will be paid for by the Company. In the event of failure of the first test, 
the cost of all further testing associated with the failure will be paid by 
the Contractor. 

b. For testing required under permits obtained by the Contractor, all 
costs will be paid by the Contractor. Testing of the pipeline for 
pressure and leakage will be included in the Contract price. 
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44. CONTRACT DEADLINES AND BONDS REQUIREMENTS 

The time limits to be allowed for the completion of any work covered in the Contract shall 
be established as follows: In the proposal submitted to the Company, in response to the 
Invitation to Bid, the Contractor shall state the number of calendar days required for 
completion of the work. The time required will become a part of the Contract. When the 
Company is ready to proceed with the work, a Commencement Notice will be issued by 
the Company to the Contractor by mail. The Commencement Notice will allow the time ' 

required in the Contract plus ten ( IO)  calendar days and will indicate the final day of the 
time allowed. The work cannot begin until the Company has received a performance 
bond and materials payment bond for the Contract price unless the bonds have been 
waived under the special conditions section of the Contract. The additional ten ( I O )  days 
is the allowance for time to deliver the Commencement Notice to the Contractor and for 
the Contractor to return the performance bond and materials payment bond to the 
Company. Time extensions will be granted if warranted, and only at the time of the delay, 
thus extending the final day of the time allowed. 

If the Company elects not to require a performance bond and a material payment bond 
for the work, the cost of the bonds will be deducted from the proposed total cost and the 
Contract will reflect this reduced cost and the bonds requirements will be waived under 
special conditions of the Contract. 
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RESOLUTION ADOPTING THE DRAMAGE POLICIES AND STANDARDS MANUAL 
FOR MAfUCOPA COUNTY 
FEBRUARY 7,2007 

BE IT RESOLVED by the Marimpa County Board of Supervisors as 
follows: 

WHEREAS, the Flood Control District of Maricopa County 
prepared the new DrainaRe Policies and Standards for 
Marimpa County, Arizona to provide guidance and detail on 
implementation of the Flood Control District of Maricopa 
County Floodplain Regulations and the Maricopa County 
Drainage Regulations; and 

WHEREAS, it is intended that the guidance and detail in the 
document will assist those preparing drainage studies, plans, 
design reports, construction drawings and accompanying 
drainageflloodplain use permit applications to be in 
accordance with the philosophies, policies and minimum 
standards contained in the Drainaae Policies and Standards 
for MaricoDa Countv. Arizona and to meet the minimum 
requirements of the governing regulations; and 

WHEREAS, use of the Drainaae Policies and Standards for 
Maricopa Countv, Arizona will expedite the review, approval 
and permitting processes and help meet the mission of 
Maricopa County to provide permit reviews in the most 
technically coned and economical way; and, 



NOW, THEREFORE, BE IT RESOLVED, that the Maricopa County Board of 
Supervisors hereby adopts the Drainage Policies and Standards for MaricoDa 
Countv. Arizona and recommends its use by all parties submitting drainage and 
floodplain reports, plans and studies to Maricopa County for review and approval, 

Chairman, Board of Supervisors Date 

Attest; 

APR 2 4 2007 

C w o f  the Board of 

I Director, Date 
Planning and Development Department 

Enclosure: Exhibit 1, Drainage Policies and Standards for Maricopa County, Arizona 



When Recorded Return to: 
Contracts Branch 
Flood Control District of Maricopa County 
2801 West Durango Street 
Phoenix, AZ 85009-6399 

RESOLUTION FCD 2007R001 I 

ADOPTION OF A DRAINAGE POLICIES AND STANDARDS MANUAL FOR 
MARICOPA COUNTY 

Agenda Item: C-69-07-043-6-00 I 
WHEREAS, Arizona Revised Statutes Title 48, Chapter 21 requires the Board of 

Directors of the Flood Control District (District) to identify flood problems, plan for the 
construction of facilities, review and regulate proposed developments, issue permits for 
development within floodprone areas, and promote and protect the health, peace, safety, comfort, 
convenience and general welfare of the residents within the jurisdictional area of Maricopa 
County, and to minimize public and private losses due to flood conditions; and, 

' 

WHEREAS, the District and Maricopa County prepared the new Drainage Policies and 
Standards for Maricopa Countv, Arizona to provide guidance and detail on implementation of the 
Flood Control District of Maricopa County (District) Floodpf ain Regulations and the Maricopa 
County (County) Drainage Regulations; and 

WHEREAS, it is intended that the guidance and detail in the document will assist those 
preparing drainage studies, plans, design reports, construction drawings and accompanying 
drainage/floodplain use permit applications to be in accordance with the philosophies, policies 
and minimum standards contained in the Drainage Policies and Standards for Maricopa County, 
Arizona and to meet the minimum requirements of the governing regulations; and 

WHEREAS, Use of the Drainage Policies and Standards for Maricopa Cowitv. Arizona 
will expedite the review, approval and permitting processes and help meet the missions of both 
the District and Maricopa County to provide permit reviews in the most technically correct and 
economical way; and, 

. NOW, THIEREFORE, BE IT RESOLVED, that the Board of Directors of the Flood 
Control District of Maricopa County hereby adopts the Drainage Policies and Standards for 
Maricopa County, Arizona and recommends its use by all parties submitting drainage and 
floodplain reports, plans and studies to the District for review and approval; and, 
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BE IT FURTHER RESOLVED, that the Chief Engineer and General Manager of the 
District is authorized and directed to distribute the Drainage Policies and Standards for Maricopa 
Countv. Arizona and recommend its use by the citizens of Maricopa County. 

Dated this 1 gShday of &r; 1 ,2007 

ATTEST: 
\ 

Enclosure: Exhibit 1, Drainage Policies and Standards for Maricopa County. Arizona 
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Maricopa County Drainage Policies and Standards Revisions 

RE VISI0 NS 
Because of ongoing regulatory and technical changes in the fields of drainage, floodplain, and 
stormwater management, revisions to this manual will be required from time to time. Such 
revisions will take place in accordance with the procedures contained in Chapter I .  Hard copy 
(printed) revisions will not be distributed. It is the holder’s responsibility to keep the document 
current by periodically checking the web page for new digital versions. The revision history of 
this document is listed below. 

Dates of Revisions 
1st Edition 

January 11,2007 I 
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I INTRODUCTION 
1.1 PURPOSE 

The purpose of this document is to provide guidance and detail on implementation of the Flood 
Control District of Maricopa County (District) Floodplain Regulations and the Maricopa County 
(County) Drainage Regulations. It is intended that drainage studies, plans, design reports, 
construction drawings and accompanying drainage/floodplain use permit applications prepared 
in accordance with the philosophies, policies and minimum standards contained herein will meet 
the minimum requirements of the governing regulations. This will expedite the review, approval 
and permitting processes and help meet the missions of both Maricopa County and the District. 
The term “County/District” is hereinafter used to refer to both Maricopa County and the Flood 
Control District of Maricopa County. 

The document presents the County/District philosophy on drainage and floodplain management, 
and planning for drainage facilities. It contains descriptions of federal, state and county 
regulations pertaining to such facilities, including links to the various District and County 
regulations that can be found on the Internet. Most importantly, the policies and minimum 
standards for implementing the regulations are presented. These policies and standards are 
based on flood and erosion hazard mitigation strategies that are intended to reduce or eliminate 
cumulative impacts resulting from development and to enhance public safety. 

This document is intended to be used in concert with the most current version of the Drainage 
Design Manual for Maricopa County (DDM), which consists of three volumes Hvdroloav, 
Hvdraulics and Erosion Control. The objective of the DDM is to provide technical guidance for 
planning and design of storm drainage facilities in Maricopa County. The DDM provides a 
convenient source of analytical and design information that is specifically tailored to the unique 
hydrologic, environmental, and social character of Maricopa County. The Drainage Policies and 
Standards manual provides specific guidelines for application of this technical information for 
the purposes set forth in Section 1.3. 

1.2 DISCLAIMER 

The County/District will review and approve flood hazard delineation studies, drainage reports 
and plans for construction projects for conformance with the District’s floodplain regulations, 
Maricopa County’s drainage regulations, the Maricopa County subdivision regulations and 
zoning ordinance, and the County/District policies and standards, as appropriate under their 
separate authorities (refer to Chapter 5). This not withstanding, the County/District assume no 
liability for insufficient design or improper construction. Review and approval does not absolve 
the owner, developer, design engineer, or contractor of liability for inadequate design or poor 
construction. The design engineer has the responsibility to design drainage facilities that meet 
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standards of practice for the industry and promote public safety. Compliance with the regulatory 
elements, and meeting the policies and minimum design standards, does not guarantee that 
properties will be free from flooding or flood damage. The County/District, and their officials or 
employees assume no liability for information, data, or conclusions prepared by private 
engineers or environmental professionals and make no warranty expressed or implied in their 
review/approval of drainageifloodplain projects or studies including stormwater quality 
submittals. 

I .3 APPLICATION 

Philosophies, policies and standards set forth in this document apply to private development 
projects within the unincorporated areas of Maricopa County, projects funded entirely by 
Maricopa County and/or the District, and projects funded in cooperation with Maricopa County 
and/or the District and/or other agencies, or for those communities where the District has 
floodplain management responsibilities. These policies and standards also apply, in an 
advisory capacity, to federally-funded projects sponsored by Maricopa County and/or the 
District. It is understood that there may be exceptions to the policies and standards that may be 
granted by Maricopa County and/or the District. The standards are minimum standards. There 
may be more stringent requirements in the event that public health, safety and welfare could be 
adversely affected by application of the minimum standard. 

1.4 BACKGROUND 

It is the intent of the State of Arizona, Maricopa County, and the District to have a 
comprehensive floodplain and drainage management program that protects the health, safety, 
and welfare of its citizens, their property, and the environment. To accomplish this, the State of 
Arizona has mandated the establishment of County Flood Control Districts to identify and 
remediate flooding problems and administer the National Flood Insurance Program in Arizona. 
Maricopa County has regulatory authority for development drainage review, and managing 
stormwater quality issues. 

In 1987, the Board of Directors of the District, and the Maricopa County Board of Supervisors, 
approved the Uniform Drainage Policies and Sfandards for Maricopa County, Arizona. On April 
15, 1991 the Board of Directors of the District adopted the Drainage Design Manual for 
Maricopa County, Volume I Hydrology, thereby requiring its use by jurisdictions cost-sharing 
with the District in flood control projects, by contractors working for the District, and beginning 
January 1, 1992, by all parties submitting drainage reports and studies to the District for review 
and approval. The Drainage Design Manual for Maricopa County, Volume I1 Hydraulics was 
published in November 1991. The most current editions of these two manuals are referred to 
herein as the Hvdroloay and Hvdraulics volumes. 

In 1998, the District started a collaborative effort with the City of Phoenix to meld their 
respective drainage design manuals. The purpose of this collaboration was three-fold. First, 
various technical aspects of both the City's and District's manuals required updating due to 
advances in the engineering science and further experience with applications unique to 
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Maricopa County. Second, advances in computer technology provided the opportunity to 
develop a living document that would be posted on the internet that encompassed unique 
engineering software for the design/evaluation of drainage facilities. The user of the DDM is 
encouraged to routinely check the web-based version for updates since addenda will be issued 
by this means. Third, the "drainage policies and standards" identified in the 1996 and earlier 
versions of the Hvdroloav and Hvdraulics volumes were removed to allow the City of Phoenix 
and all other municipalities within Maricopa County the opportunity to have their own stand - 
alone policies and standards that address the unique conditions in their respective communities. 

The new l&&&gy and Hvdraulics volumes now only provide comprehensive technical 
methodologies for definition of flood and erosion hazards and for design of drainage facilities 
within both the unincorporated and incorporated areas of Maricopa County. The intent is that the 
DDM be adopted as a part of each separate Drainage Policies and Standards manual prepared 
and adopted by individual municipalities. 

In January 1993, a third document, Volume Ill, Erosion Control was published. This document 
was prepared with the help and assistance of the Erosion Control Task Force Technical 
Committee. Similar to the Hvdroloav and Hvdraulics volumes, the Erosion Control volume is a 
technical manual to provide guidance to agencies, developers, engineers, and contractors in 
complying with the new AZPDES permitting process for construction activities as well as other 
AZPDES permit requirements. This volume provides information and potential strategies for the 
AZPDES permitting process. The main focus of this volume is on the construction site 
component to stormwater management but includes a broader discussion on other permitting 
issues associated with the Arizona Department of Environmental Quality (ADEQ) and the 
stormwater permitting program responsibilities of the Environmental Protection Agency (EPA). 

. 

This document provides drainage policies and standards specific to the unincorporated areas of 
Maricopa County, and those communities for which the District conducts reviews. The latest 
edition of the DDM is incorporated into this document by this reference. 

1.5 SCOPE 

The Maricopa County Drainage Policies and Standards manual is divided into seven chapters 
that address the major administrative areas of drainage and stormwater management. The 
intent of this manual is to provide implementation guidelines for meeting the intent of the 
drainage and floodplain regulations for the design of drainage and stormwater facilities. 
Chapter 2 (Drainage Planning) stresses the County/District vision for drainage and stormwater 
management while providing guidance for the planning process. The drainage and stormwater 
management policies provided in Chapter 3 (Policies) build upon this vision and are supported 
by the District's floodplain and Maricopa County's drainage regulations. A Floodplain 
Regulation for Maricopa County has been in force since February 25, 1974. The District 
floodplain regulations currently in force were adopted December 20, 2006. The Maricopa 
County Drainage Regulations currently in force were first adopted in September 26, 1988. 
Federal and state regulatory requirements are outlined in Chapter 4 (Regulations) for the 
convenience of the user. District and Maricopa County specific regulations are listed in Chapter 
- 5 (Maricopa County Regulations), and hyperlinks to online copies presented. The minimum 
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standards, provided in Chapter 6 (Standards), identify specific criteria for the definition of flood 
hazards and the design of drainage and stormwater facilities in conformance with the more 
general policies. These standards are also supported by the District's floodplain and Maricopa 
County's drainage regulations. Finally, Chapter 1 (Revision Process) identifies the procedures 
for modifying policies and standards. 
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2 DRAINAGE PLANNING 
2.1 PURPOSE 

The purpose of this chapter is to encourage thoughtful and careful consideration of drainage 
issues when preparing to impose change on a natural system, whether that change is a new 
subdivision, transportation facility, or flood control project to benefit upstream, downstream, and 
adjacent properties. To accomplish this goal, discussions are provided on drainage planning 
philosophy, types of drainage plans and their purposes, information that should be gathered and 
used as a part of the planning process, components of the drainage planning process, the 
preferred approach to drainage planning, and final design considerations. The purpose for 
applying proper drainage planning is to minimize or eliminate adverse impacts and to achieve 
the many benefits, including the following: 

1. 

2. 

3. 

4. 

5. 

6.  

7. 

8. 

9. 

IO. 

11. 

12. 

13. 

Maintain good standing in the National Flood Insurance Program (NFIP). 

Increased public safety. 

Reduced costs, including the cost to repair homes and property damaged by flooding, 
erosion and deposition of sediment, and the cost of drainage infrastructure, street 
construction, and maintenance. 

Avoidance of flood damage claims and resultant litigation. 

Continuity of stormwater flow through the site to meet legal requirements for not impacting 
adjacent, upstream, and downstream properties. 

Improved stormwater quality. 

Reduce the loss of groundwater recharge resulting from development. 

Compatibility with existing and proposed regional drainage plans. 

Improved movement of traffic, and all weather access to homes and businesses. 

Lower cost open space and park areas and more recreational opportunities. 

Development of otherwise un-developable land. 

Opportunities for lower building construction cost. 

Avoidance of fines and fees levied for non-compliance with Federal (NPDES) and State 
(AZPDES) Stormwater regulations. 
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2.2 WHAT CONSTITUTES DRAINAGE PLANNING? 

Good drainage planning is a complex process. Application of drainage planning applies to the 
complete range of projects from preparation of regional plans for large watersheds, down to 
planning site drainage for the corner commercial complex or a single family residence. 
Drainage planning consists of the following considerations: 

1. 

2. 

3. 

4. 

5 .  

6. 

7. 

8. 

9. 

2-2 

A drainage plan, in addition to providing a unified drainage plan, should be coordinated 
with planning for open space and recreation facilities, planning for transportation, and 
other urban considerations. Drainage planning should not be done after all the other 
decisions are already made as to the layout of a new subdivision, commercial or industrial 
area. It is this latter approach that creates drainage problems, and often requires costly 
corrective action. 

Drainage and stormwater runoff facilities are an integral part of public infrastructure 
systems and should be planned as such. 

Basic planning considerations that should be taken up early include planning for the 
drainage system, developing a grading concept, and planning for the environment, 
including water quality considerations. A philosophical approach that addresses 
environmental issues up front will result in less cost over the long term of the project and 
may eliminate a future requirement to possibly retrofit due to more stringent environmental 
regulations. 

When planning a new subdivision for residential purposes, various drainage concepts 
should be evaluated before decisions are made as to street location and block layout. It is 
at this point of the development process where the greatest impact can be made on the 
cost of drainage and transportation facilities. 

When flood or erosion hazards are involved, the planner should take these hazards into 
consideration in land planning to avoid unnecessary complications when designing the 
infrastructure. 

The drainage engineer must be included in the formulation of both site-specific and 
regional drainage plans and all urban planning should be coordinated from the beginning 
with the drainage engineer. 

Natural drainage ways and street drainage patterns should be coordinated to achieve the 
policies and design criteria presented in this manual. 

The quality of the planning significantly impacts the costs to the developer and the citizens 
of Maricopa County. Construction and/or long term maintenance costs for drainage and 
flood control measures are high without this planning. Furthermore, inadequate planning 
potentially affects residents and other infrastructure systems in terms of flood damages. 

Supplemental and complementary benefits and uses from drainage facilities should be 
considered. Both passive and active recreational uses are examples. Any effort made 
towards increasing local and community-wide benefits is appropriate and is encouraged. 
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I O .  Consideration of multiple uses and multiple benefits in drainage planning and engineering 
can minimize societal costs and increase benefits to the community. A way to maximize 
consideration of these multiple uses is by preparing practical drainage plans so that the 
overall effort is coordinated with predetermined objectives. 

2.3 DRAINAGE PLANNING PHILOSOPHY 

Planning of drainage facilities should be based upon incorporating natural waterways, artificial 
channels, storm drains, and other drainage works into the development of a desirable and 
aesthetic community, rather than attempting to superimpose drainage works on a development 
after it is laid out. Preserving natural channel systems and floodplains is the preferred 
alternative and should be the focus of the planning effort. Defining the need for constructed 
storage basins, channels and storm drains should be based on minimizing the impact to the 
preserved natural system while meeting the safety, stormwater quality and aesthetic criteria that 
govern the need for such facilities. The drainage facilities that are identified as necessary 
components should then, where practical, be designed as a focal point of the community to 
minimize misuse (e.g. dumping) and encourage proper maintenance. 

Drainage should be considered on the basis of two design phases. The first is the preliminary 
phase where conceptual drainage plans are developed. The second is the final design phase, 
which encompasses detailed engineering using the first phase as the basis for the final design. 
The first phase is a more global view, and results in the conceptualization of an overall drainage 
solution. The second phase is an extension of the first where the engineering details for the 
localized issues are worked out. 

A well-planned drainage system that preserves as much of the natural waterways as possible, 
can reduce or mitigate the cost of expensive capital improvement infrastructure. It can also 
protect the development area from extensive property damage and loss of life from flooding and 
reduce maintenance costs for the public. It could also enhance and increase development 
returns for lots located next to such watennrays. It must be remembered that the drainage 
system exists in a community whether or not it is planned and designed, and whether or not 
development is situated wisely with respect to it. Water will obey the law of gravity and flow 
downhill whether development and people are in its way or not. 

2.4 TYPES OF DRAINAGE PLANS 

Drainage plans can be divided into two types: regional and local. Regional plans are those 
prepared by a governmental agency for continuity on a regional basis. Local drainage plans for 
private land development or public projects that must conform to the regional plan, or stand on 
their own merits if a regional plan has not been developed. Both of these types typically have 
two component phases consisting of a conceptual drainage plan and a final drainage plan, as 
mentioned above. Conceptual drainage plans deal with the broad assessment of existing 
drainage conditions and development of conceptual alternatives to accommodate drainage. 
Final drainage plans provide detailed analysis of preferred conceptual solutions, and/or 
documentation of engineered solutions and details to support the final design of a project. This 
section describes the two types of plans and their respective component phases. 

January 1 1,2007 2-3 



Introduction Maricopa County Drainage Policies and Standards 

2.4.1 Regional Drainage Planning 

The District, as directed by ARS 48-3602, provides regionally-coordinated planning functions 
that identify drainage hazards and problems on a watershed basis. Technically sound and cost- 
effective solutions are then developed and implemented through either non-structural or 
structural approaches, which include regulations, the District’s 5-year Capital Improvement 
Program (CIP), and coordination and construction by the development community and other 
communities and agencies. The following are elements the District considers when determining 
if a structural approach proposed as a part of a District plan is eligible for funding under the CIP. 
Such projects can affect proposed developments and projects planned by other agencies or 
communities. 

The watershed contributing to the project is located in or the downstream impacts affect 
more than one municipality, at least one municipality and the unincorporated county, or 
only the unincorporated county or counties. 

A project is identified as a primary element of a drainage master plan that affects more 
than one municipality, at least one municipality and the unincorporated county, or only the 
unincorporated county, or that manages stormwater from a watershed at least ten ( I O )  
square miles in area or provides benefits to or impacts in an area of at least ten ( I O )  
square miles. 

The project is required as mitigation, protects the integrity or improves the performance of 
an existing District flood control or stormwater management project, or enhances the 
resale value of property owned by the District. 

New facilities or modifications to existing facilities needed for flood hazard mitigation that 
will be operated and maintained by the District. These facilities may include channels, 
dams, detention basins, flood warning infrastructure, or components of the Arizona 
Pollutant Discharge Elimination System. 

Developers should check with the District to determine if new floodplains, regulations, or 
projects have been identified or developed as part of the regional drainage plans detailed 
in this section. Regional drainage plans, on a watershed basis, are typically called Area 
Drainage Master Studies & Plans (ADMS & ADMP). Another type of regional drainage plan is a 
Watercourse Master Plan (WCMP). Construction projects that are defined as a part of a 
regional drainage plan typically have a Final Drainage Design Report for documenting the basis 
for the design. Regional drainage planning now also typically includes stormwater quality plans 
or plan components. These plan phases are discussed in more detail as follows: 

ADMS. The ADMS constitutes the conceptual/preliminary drainage plan hydrology and 
hydraulics component. An ADMS is prepared to identify areas prone to flooding and related 
hazards, and present possible management alternatives. Alternatives typically include an array 
of stormwater conveyance and storage structural components for hazard management, and 
non-structural or regulatory hazard management methods. The ADMS typically includes 
mapping, detailed hydrologic and hydraulic analyses, and identification of flooding and erosion 
hazards within a major watershed area. Management alternatives are identified, evaluated, and 
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classified. These plans are an excellent source for hydrology as sub-basin hydrographs are 
typically provided for the 6- and 24-hour storms. 

ADMP. An ADMP constitutes a final drainage plan component. The ADMP is typically a more 
detailed study, providing analysis of selected alternatives recommended in the ADMS, and a 
thorough evaluation of a final recommended alternative. The ADMP can also provide guidelines 
for development within the study area, which have a focus on watershed management to 
implement a public safety strategy. The ADMP may also include watershed components of any 
WCMP completed in the study area. 

WCMP. A WCMP is similar to an ADMP, except that a WCMP has a focus on the management 
of a particular major watercourse and associated flood and erosion hazard zones. It provides 
the technical background for planning new development. For more information on erosion 
hazard zones, refer to ADWR (1 996). Watercourse management alternatives are typically 
focused on methods of minimizing cumulative impacts resulting from encroachments within the 
floodplain. Recommendations for watershed management techniques are provided to support 
the recommended watercourse management alternative. 

Final Drainage Design Report. A Final Drainage Design Report constitutes a final drainage 
plan component. It is the final documentation of the detailed drainage design shown on contract 
construction drawings for a project defined in an ADMP, WCMP, or a capital improvement 
project created through a process other than an ADMP or WCMP. Refer to Section a for a 
description of a Final Drainage Design Report, which is common to both the government agency 
and private land development types of drainage plans. 

Regional Stormwater Quality Planning. In the past, regional drainage issues were mainly 
focused on water quantity issues and did not address water quality issues. A new approach or 
philosophy to regional drainage planning should consider water quality concerns. With new and 
more stringent environmental regulations and the focus on kindedgentler approaches to 
development, water quality considerations should be taken into account. Water quality planning 
is a new approach to regional issues. 

2.4.2 Local Drainage Planning 

Drainage plans are also prepared for land development and public projects. Here, the focus is 
to identify existing flooding conditions and to develop approaches to prevent the proposed 
development from exacerbating existing flooding conditions while protecting the proposed 
development. Within the unincorporated areas of Maricopa County, drainage plans are typically 
required as described below. Drainage plans for developments or drainage improvements 
should also consider water quality components to their site development to prevent stormwater 
runoff concerns. 

2.4.2.1 Large Developments. 
Large developments, which require a Development Master Plan per Section 206 of the 
Maricopa County Subdivision Regulations, are typically considered to be greater than or equal 
to 640 acres in size as defined in the Maricopa County Zoning Ordinance. However, any 
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significant development divided into units or phases may be considered as a large development. 
Stormwater quality concerns should be met on a uniffphased basis. It would not be appropriate 
to address stormwater quality at the final phase of development. By phasing or implementing 
stormwater BMPs upfront water quality concerns will be met. The drainage plans required for 
large developments are: 

1. 

2. 

2-6 

Drainage Master Plan. A Drainage Master Plan is a conceptual plan that establishes the 
drainage approach and system to be used for the entire development. It also establishes 
how and when the various drainage system components will be constructed. This in turn 
has a significant impact on the size and orientation of lot and street layouts. Preparation 
of a Drainage Master Plan and the overall development plan is an iterative process 
between the developer, land planner and the drainage engineer/planner. The Drainage 
Master Plan will often significantly impact the definition of development units and phases. 

The first step in preparing a Drainage Master Plan is studying the hydrology of the 
watersheds that contribute stormwater runoff to the master plan study area, and the 
hydrology of the onsite area. 

The second step is definition of existing 100-year floodplains and base flood elevations for 
watercourses within the development where Federal Emergency Management Agency 
(FEMA) regulatory base flood elevations have not been established. This is to be done in 
accordance with Section 3.z,2. The definition of erosion hazards and an assessment of 
the drainage system sediment balance are to be done where necessary in conformance 
with Section U. 

The third step is definition and evaluation of drainage system alternatives, and 
recommendation of a drainage scheme. The key to preparing Drainage Master Plans for 
land developments is developing an approach to intercept offsite flow and identifying a 
workable means of conveying the flow through the project. The method for discharging to 
the downstream drainage network (whether natural or man-made) is established in a 
manner that returns the flow to its historical flow path without changing the pre- 
development flow characteristics. Drainage Master Plans for land developments also 
identify locations for stormwater storage facilities to accommodate on-site runoff, and 
identify a stormwater quality plan for the development. Offsite flows are not allowed to 
drain through the onsite conveyance or storage facilities. The above principles remain 
valid for conceptual drainage plans for all parcels regardless of size. 

Drainage Master Plans are to be prepared in conformance with the report outline 
presented in Section &Q for the technical (Hydrology and Hydraulics) portions of the 
report document. 

Preliminary Drainage Design Report. A Preliminary Drainage Design Report is a 
conceptual drainage plan for an individual unit or phase of the master planned 
development. It implements the drainage system recommended in the Drainage Master 
Plan to the specific unit in question. Adjustments are made to the Drainage Master Plan 
hydrology and hydraulics, if necessary, and alternatives for drainage facilities specific to 
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the univphase are defined that meet the guidelines defined in the Drainage Master Plan. 
The alternatives are analyzed and a recommended drainage system, including 
parameters for use during final design, is presented. These parameters include: 

0 Design discharges and design storage volumes. 

e Definition of stormwater conveyance methods, including: channel locations, geometry, 
lining types and recommended slope ranges; storm drain locations, including 
preliminary sizes and material types; natural floodplains to be left undisturbed; and 
guidelines for use of street sections for stormwater conveyance. 

0 Definition of methods to be used for erosion and scour protection. 

0 Location, size, and recommended geometry of proposed stormwater storage basins. 

0 Recommended stormwater quality design parameters. 

0 Proof that the Drainage Master Plan recommendations for handling stormwater along 
the master-planned area boundaries are being met. This must include any needed 
addendum to the Drainage Master Plan for revised recommendations for future 
univphases. 

Stormwater quality concerns must be addressed on a unit or phase basis as 
construction of the development occurs. 

Preliminary Drainage Design Reports are to be prepared using the report outline 
presented in Section m. 

3. Final Drainage Design Report. A Final Drainage Design Report constitutes a final 
drainage plan component. It is the final documentation of the detailed drainage design 
shown on contract construction drawings for the development project. Refer to Section 
i-- 2 4.3 for a description of a Final Drainage Design Report, which is common to both the 
government agency and private land development types of drainage plans. 

2.4.2.2 Local Developments. 
Local developments are typically considered to be less than 640 acres in size. The drainage 
plans required for local developments are: 

1. Preliminary Drainage Design Report. A Preliminary Drainage Design Report is a 
conceptual drainage plan for a private or agency project. For simple projects with minimal 
drainage considerations, the detail and length of the report is intended to be minimal. For 
larger projects with significant drainage considerations, the submittal requirements and 
level of detail may be a combination of the Drainage Master Plan and Preliminary 
Drainage Design Report for Large Developments as described above. 
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Item 

2. Final Drainage Design Report. A Final Drainage Design Report for Local Developments is 
the same as for Large Developments. The level of detail required is commensurate with 
the complexity of the drainage design. 

Source 

2.4.3 Final Drainage Design Report 

Area Drainage Master 
Plans & Studies 
(ADMP & ADMS) 

As stated above, a Final Drainage Design Report constitutes a final drainage plan component. 
Final drainage construction drawings provide engineered solutions and details to implement the 
final drainage design of a project. The Final Drainage Design Report documents the supporting 
calculations and design assumptions the construction drawings are based on. The hydrology 
and hydraulics of the selected approach from the Drainage Master Plan and Preliminary 
Drainage Design Report is further refined and documented to apply to the specifics of the 
chosen drainage solution. The project may be a regional capital improvement project to 
alleviate existing flooding conditions or improvements resulting from land development. The 
design report documentation is to be prepared in accordance with Section m. 

District & Municipalities 

2.5 INFORMATION FOR DRAINAGE PLANNING 

Watercourse Master 
Plans (WCMP) 

There is a significant amount of existing information available to the hydrologist or drainage 
engineer that should be considered when undertaking a drainage plan. The following table 
highlights some of these. 

District & Municipalities 

Table 2.1 Types of Available Drainage Information 

Studies ' plans from 
existing flood control 
projects 

District, USACE, USBR, 
NRCS 

Flood Insurance 
Studies 

Transportation Plans & 
Studies 

I FEMA, ADWR, District 

ADOT, MCDOT, 
Municipalities 

Land Use Zoning Maps Municipality, County, MAG 
I 

Description 

Watershed peak discharges, floodwater 
levels, flood risk. 

Watershed hydrographs and peak discharges, 
conceptual storage and conveyance 
solutions. 

Management of a particular watercourse and 
its associated flood and erosion hazards. 

Examples: ACDC, Cave Buttes Dam, CAP 
dikes, Indian Bend Wash. 

Corridor studies address existing and 
proposed drainage conditions. Plans depict 
drainage improvements. 

Provides insight to future runoff 
characteristics. Zoning may limit type of 
drainage solution. 
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Source 

Table 2.1 Types of Available Drainage Information 

Description F Soil Maps 

Municipalities/County/Land 
Developer/Home Owners 
Assoc. 

Utility companies 

I 

Depicts existing or proposed conditions for 
adjacent properties that may affect the site 
under study. 

Depicts the location of underground and 
above ground utilities that may affect the 
location of drainage facilities and the routing 
of stormwater. 

Aerial Photography I 
Topographic Mapping I 
I 

ALTA Surveys 

Drainage plans from 
adjacent developments 

I 
Utility Plans 

NRCS & USFS Identifies runoff characteristics and 
engineering limitations. 

public & private Identifies watershed and existing land-use 
characteristics. 

public & private 
Used to determine watershed boundaries, 
slopes, and water-course hydraulic 
characteristics. 

Maricopa County 
Recorder’s Office 

Land ownership, boundary & utility easements 
(if available). 

2.6 DRAINAGE PLANNING PROCESS 

2.6.1 Plan Development 

The drainage planning process requires the collection and assimilation of information from most 
of the sources identified above. Consideration must be given to regulations, environmental 
impacts, ordinances, open space, zoning, regional hydrology, flood hazards, safety, 
compatibility with adjoining projects, and cost. As part of the initial layout design, the designer 
must consider and accommodate the future need of vehicular access for maintenance 
purposes. Preliminary design should minimize long-term maintenance requirements. 

2.6.2 Waters of the United States (Section 404) 

Waters of the United States, for the purposes of the Section 404 program (refer to Section 44), 
are drainage ways meeting certain criteria that define them by federal law as being under the 
jurisdiction of the U.S. Army Corps of Engineers (USACE). Waters of the United States are 
often referred to as jurisdictional waters. Construction activities that impact jurisdictional waters 
require a permit issued through the USACE. For most areas under study, jurisdictional waters 
exist. Therefore, drainage plans must consider the nuances of jurisdictional waters (See 
Chapter 4 (Regulations), and Policv 3.3.5). The professional undertaking a drainage plan must 
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have knowledge of 404 requirements to apply to the planning objective or have the jurisdictional 
waters delineated prior to delving too far into the drainage planning process. It is likely that the 
jurisdictional waters will have a significant impact on the overall drainage plan, remediation, and 
on-going maintenance activities. 

2.6.3 Waters of the United States (EPA) 

Waters of the United States as defined by the Environmental Protection Agency (EPA) has a 
different context from that defined under Section 404. The EPA definition is included below for 
reference for those dealing with stormwater quality issues (refer to Policv 3.6.5). 

(a) All waters which are currently used, were used in the past, or may be susceptible to use in 
interstate or foreign commerce, including all waters which are subject to the ebb and flow of the 
tide; 

(b) All interstate waters, including interstate "wetlands;" 

(c) All other waters such as intrastate lakes, rivers, streams (including intermittent streams), 
mudflats, sand flats, "wetlands," sloughs, prairie potholes, wet meadows, playa lakes, or 
natural ponds the use, degradation, or destruction of which would affect or could affect 
interstate or foreign commerce including any such waters: 

(1) Which are or could be used by interstate or foreign travelers for recreational or other 
purposes; 

(2) From which fish or shellfish are or could be taken and sold in interstate or foreign commerce; 
or 

(3) Which are used or could be used for industrial purposes by industries in interstate 
commerce. 

(d) All impoundments of waters otherwise defined as waters of the United States under this 
definition; 

(e) Tributaries of waters identified in paragraphs (a) through (d) of this definition; 

(9 The territorial sea; and 

(9) "Wetlands" adjacent to waters (other than waters that are themselves wetlands) identified in 
paragraphs (a) through (f) of this definition. 

- 

2.6.4 Regulations, Policies, and Standards 

All drainage plans and construction drawings shall meet District and Maricopa County 
regulations. The policies (Chapter 3) and standards (Chapter 6) are intended to be an 
implementation guide for preparing drainage plans and drainage designs that are in 
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conformance with the regulations. The time required for the review process is normally less, 
and review comments minimized, if the drainage plans are prepared in conformance with the 
policies and standards. Sometimes additional documentation may be required for submittal and 
review by the County/District to prove conformance with the regulations. These policies and 
standards also establish the minimum guidelines for capital improvement projects, both public 
and private. 

2.6.5 Watercourse Open Space 

The concept of combined flood control, environmental considerations, and recreational uses can 
be applied to drainage corridors (watercourses). Natural or semi-structural drainage/greenbelt 
corridors can be developed with landscaping, stormwater quality improvements, and multi-use 
trails incorporated into the drainage design to provide recreation opportunities. This concept 
can be applied to new drainage channels that are utilized for recreation uses, and existing open 
channels that currently do not provide recreation opportunities. The multi-use trails should be 
located above the channel banks to avoid impacting Waters of the United States (Section 404), 
to minimize effects of erosion, to minimize interaction with nuisance flows, and to minimize 
maintenance requirements. The County/District stresses the establishment of natural or semi- 
structural drainage/greenbelt corridors. Utilizing naturaVgreenbelt corridors to accommodate 
stormwater is the District preferred approach for several reasons, including: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Watercourses make excellent natural open spaces of high scenic quality due to their 
associated vegetation, wildlife and landforms. 

Natural features such as topography, and natural processes such as erosion, have 
defined the land along natural watercourses as a drainage and stormwater runoff corridor. 

Desert adapted vegetation is dependent on natural watercourses for water supply and 
seed disbursement and germination. 

Many desert wildlife species are adapted to seek watercourse areas for food and shelter. 

Impacts to watercourses have environmental consequences such as habitat loss, reduced 
flood conveyance, loss of a valuable landscape amenity, and reduced ground water 
recharge and impaired stormwater quality. 

Impacts to watercourses have public safety consequences adjacent, upstream and 
downstream of the impact area. 

Impacts to watercourses often have decreased property value implications as 
environmental impacts diminish abutting land value. 

Designating open space along watercourses is often more cost effective for the developer 
due to the high risk of flooding in these corridors. 
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2.6.6 Stormwater Storage 

In the planning process, it is a County/District goal that stormwater storage basins be combined 
where feasible with open space, parks, and trails to create focal points for the community 
instead of isolated tracts. These combined uses should be planned and designed to augment 
Maricopa County parklands. The benefits of this approach are an enhanced sense of 
community and increased open space with landscape amenities. The County/District 
encourages combined use of drainage and recreation facilities on both public and private lands. 
It is recommended that these drainage facilities be non-geometrically designed. Also, design of 
stormwater storage facilities should be coordinated with the County/District to assure 
compliance with stormwater quality requirements. 

2.6.6.1 Public Stormwater Storage Basins 
Given the demand for organized sports fields such as soccer and ball fields, basins may serve 
multi-use purposes. It is recommended to avoid siting recreational facilities at the very bottom 
of stormwater storage basins. It is further recommended these basins be designed with tiers or 
gentle slopes to allow for the collection and conveyance of nuisance water around fields to allow 
for dry field areas under normal conditions. 

The desired location for stormwater storage basins is adjacent to parks to increase the open 
space. Integrating non-geometric basins into park design is encouraged for both active and 
passive recreation purposes, subject to meeting Maricopa County aesthetic and safety 
standards. 

2.6.6.2 Private Stormwater Storage Basins 
The County/District recommends non-geometric designs for stormwater basins in private 
development projects. In these developments, the use of open space in combination with 
stormwater storage basins is encouraged in order to provide a more natural and aesthetically 
pleasing method of addressing runoff, stormwater storage, and stormwater quality. This 
practice can provide measurable benefits to the residents of the development when a sufficient 
recreation area is provided. These areas should be made focal points of the community instead 
of isolated tracts, which helps create a sense of community. Other design considerations 
include access, multi-use trails and habitat connectivity. 

2.6.7 Zoning 

Zoning often dictates the nature of watercourse development and open space requirements for 
land development projects. Rezoning land to address flooding or erosion hazards, either 
through the use of an overlay or replacement zoning district (such as the City of Phoenix flood 
hazard and erosion management district), or through conditions of zoning approval that limit the 
use of such land, is intended to provide a natural or limited structural design approach to 
watercourse management. Generally, this results in ideally situated open space. Even small 
washes lend themselves to regulation in the same manner as larger watercourses if the 
identification of the flood hazard and erosion impact is initiated early enough. Where ADMPs 
and WCMPs have been completed, approved implementation plans may dictate land- 
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useldrainage design options. In other areas, individual rezoning applications or zoning overlay 
districts may include stipulations or design guidelines that address watercourse treatment and 
the degree to which the watercourse may be altered or disturbed. 

2.6.8 Rules of Development 

Rules of development are District requirements that are produced for specific watersheds and 
are based on unique characteristics of that watershed. These rules are usually developed as 
part of an ADMS, ADMP or WCMP. Rules of Development are typically more stringent than the 
minimum requirements of the Drainage and Floodplain Regulations. Refer to Policv 3.3.2. 

The District will use the Rules of Development to manage flood hazards within developments, 
which includes subdivisions and individual lots. The Rules of Development will typically address 
watershed management issues critical to long-term public safety, such as: 

0 Where or how structures such as walls, buildings and fences can be constructed. 

0 Methods to alleviate the impacts of construction on the watershed, such as limits on 
vegetation removal. 

0 Measures to protect structures from flooding and erosion, such as more stringent finished 
floor elevation requirements. 

2.6.9 Drainage Guidelines 

Prior to the adoption of an ADMS, ADMP or WCMP, Drainage Guidelines may be defined by the 
District early in the development of the plan. Drainage Guidelines are preliminary Rules of 
Development (Section 2.6.8) that are intended to address known or suspected public safety 
issues on an interim basis. New development is expected to make every effort to follow the 
drainage guidelines. Refer to Policv 3.3.3. 

2.6.10 Design Hydrology and Hydraulics 

The drainage engineer should determine if there is existing hydrologic and hydraulic information 
available for the upstream watershed and project site that is suitable for use in design of the 
project improvements. This includes researching the information sources listed in Table 2.1. In 
particular, review of the District ADMS or ADMP that encompasses the project area provides the 
design team with valuable information pertaining to the magnitude of stormwater discharges and 
volumes affecting the project. The design engineer must either concur with the ADMS, ADMP 
and/or WCMP by statement, or submit additional documentation addressing and substantiating 
differences. The FEMA Flood Insurance Rate Maps (FIRM) should also be reviewed to 
establish if regulated floodplains cross the project. Where existing studies are not available, the 
drainage engineer should contact the District as it has an aggressive schedule to undertake the 
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study of new areas’. “In-progress” information is often available, and if not, staff experience is 
extensive. 

In the event there is insufficient hydrology or hydraulic information available, then the drainage 
engineer will have to generate new information using the and Hvdraulics volumes 
and the policies and standards herein. At the drainage plan level, the drainage engineer should 
concentrate on quantifying off-site flows that may impact the project, and determine the means 
for conveying that flow through the project site. A reasonable estimate of the design peak 
discharge is necessary to approximate the channel or drainage structure capacity and size. 
Again, the improvements presented in a drainage plan shall not adversely impact adjacent 
property owners. 

2.6.1 1 Other Hazard Considerations 

Drainage plans need to focus on more than flood levels derived from open channel hydraulic 
analyses. Aggradation of channel beds and overbanks via sedimentation and degradation of 
channels from erosive processes are threats to the performance of drainage systems that 
should be considered. In addition, the lateral migration of watercourses may threaten public 
safety, health and welfare, unless proper erosion hazard zones are identified, prohibiting 
development in these areas unless remediation of the hazard is accomplished. ADWR (1996) 
and should be considered and addressed in the planning process. The determination of flood 
levels on alluvial piedmonts is particularly challenging because of active geomorphic processes. 
The plan should consider the District’s Piedmont Flood Hazard Assessment for Flood Plain 
Management for Maricopa County (Hjalmarson, 2000) or most current version, and the National 
Research Council (1 996), when drainage planning on alluvial piedmonts. Finally, ponding areas 
up gradient of elevated roads, railroads, and irrigation canals must be considered during the 
development of the drainage plan to assess finished floor elevations, outfall hydraulics, and 
compensation for volume displacement.. 

2.6.12 Safety 

A basic tenet of any capital improvement project is the promotion of public safety. Public safety 
must be a consideration taken throughout the development of a drainage plan. Excessive 
stormwater depth, velocity, erosion, sedimentation, and/or poor stormwater quality pose a threat 
to safety and public health. 

2.6.13 Cost 

During the development of a drainage plan, initial capital costs, long term maintenance costs, 
and stormwater treatment cost should be considered. Ideally, the least societal costs necessary 

‘In all cases, the professional should contact the District to determine if the area is under study or re-study. 
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to provide the required level of protection to the public is the desired goal. Attainment of this 
goal is fostered by adherence to the County/District's policies and standards. 

2.7 APPROACH TO DRAINAGE PLANNING 

2.7.1 Open Channel Conveyance 

The alignment of a planned drainage system is often set by following the natural watercourse 
flow line or low flow channel. In these cases, the alignment need only be defined on available 
topographic mapping or aerial photographs. In many areas about to be urbanized, the runoff 
has been so minimal that well-defined natural channels do not exist. However, low flow 
channels nearly always exist which provide an excellent basis for location of improved channels. 
Use of these channels to convey stormwater is likely to reduce development costs and minimize 
drainage problems. In some cases, the wise utilization of natural watercourses in the 
development of a drainage system will eliminate the need for an underground storm drain 
system. Where WCMP's have been completed, setbacks for erosion hazard zones may have 
been identified. If setbacks have not been defined as part of the WCMP, then erosion hazard 
areas should be approximated following the methodologies identified in ADWR (1 996) and the 
Hvdraulics volume. Detailed lateral migration and long-term erosion analyses would be 
performed as part of final design in those circumstances. 

The drainage plan is where major decisions are made as to design velocities, location of 
structures, means of accommodating conflicting utilities, and the potential alternate uses in the 
case of an open channel. The choices of channel types available to the design team are 
numerous, depending only upon good hydraulic practice, environmental design (including 
stormwater quality control and treatment), sociological impact, and basic project requirements. 
However, from a practical standpoint, the basic choice to be made initially is whether or not the 
channel is to be lined for higher velocities or if a natural channel and floodplain already exists 
that can be effectively utilized with considerations to erosion setbacks and the 1 OO-year flooding 
limits. 

A more natural approach is preferred. The more desirable setting for the channel and 
overbank floodplain combination is an undisturbed one. The benefits of such a channel 
are that: 

Velocities are usually lower, resulting in longer concentration times and lower downstream 
peak flows. 

0 Natural channel and overbank floodplain storage tends to decrease peak flows. 

0 Maintenance needs are usually less than artificial channels. 

The natural channel and overbank floodplain provides desirable open space and 
recreational area adding significant social benefits. The more closely the character of an 
artificial channel can be made to emulate that of a natural channel with overbank floodplain, 
generally the higher the quality of the artificial channel. 
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For a drainage plan, the level of analysis necessary to establish artificial channel widths varies. 
If the artificial channel is for a watercourse with a 100-year peak discharge of 50 cfs or greater, 
a detailed floodplain analysis maybe required (see Table 6.7). The level of analysis is also 
dependent upon the existing or proposed land-use and whether encroachments, such as road 
culvert embankments, affect the flow regime. Otherwise, simple "normal depth flow" 
calculations may suffice. Where channel slopes exceed 0.5% to 1 .O%, supercritical flow 
analysis may be warranted. 

Another key component of planning for a channel at the drainage plan level is the transitioning 
of flow into and out of a proposed channel. Key County/District policies (Policv 3.4.2 and Policy - 3.3.3) require that proposed facilities do not exacerbate flooding conditions for adjoining 
properties. Thus, any drainage improvement must not increase water levels or result in erosive 
velocities greater than pre-development conditions. Interceptor channels may be required to 
funnel offsite flow into an onsite channel. Similarly, spreading basins or 4:l channel expansions 
may be necessary to transition from an artificial channel to the existing downstream floodplain. 

2.7.2 Storage 

The drainage plan is where decisions need to be made on the use of stormwater storage 
facilities and their location. The siting of storage facilities where topography is favorable to the 
construction of embankments and/or excavation of basins will provide significant benefits 
including the reduction of peak flows and the settling out of sediment and debris. The latter can 
help to improve the quality of water downstream. 

For conceptual sizing of stormwater storage facilities, a storage per unit area relationship along 
with a safety factor can be utilized to derive an approximate stormwater volume for storage and 
stormwater quality treatment. The storage per unit area is primarily dependent upon the land- 
use of the proposed project within the proposed project area only and upon the design rainfall 
depth for the area in question. Offsite flows are not allowed to mix with onsite storage facilities. 

For land development projects involving large acreage, establishing the contributing drainage 
area prior to final design can be problematic for the inexperienced. Overlaying the proposed 
site plan with existing topography allows for the development of a conceptual or preliminary 
grading plan. Establishing proposed grade breaks for mass grading consistent with existing 
drainage divides is the preferred method. Taking this approach wherever possible during the 
drainage planning effort provides an additional benefit in that it minimizes earthwork and storm 
sewer expenditures pursuant to final design. Undertaking such an approach supports the basis 
for preliminary stormwater storage design and will tend to minimize the necessity for dramatic 
design revisions resulting from unforeseen drainage requirements during final design. 

2.7.3 Environmental Protection 

There are numerous federal, state, and local regulations that must be adhered to during plan 
development and implementation. At the federal and state level, Section 404 of the Clean 
Water Act (Waters of the U.S.) and Section 401 (water quality) permitting are typically required 
during the project approval process and may be required for maintenance or other activities 
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proposed in conjunction with the drainage facilities. For the District, the plan must comply with 
the Federal NPDES (40 CFR 122), the state AZPDES stormwater quality programs, and also 
any action or restriction they consider reasonably necessary to meet their obligations, if any, to 
comply with local, state or federal water quality laws. Taking the requirements of these 
regulations into account during the development of the drainage plan will streamline the design 
and implementation process. For example, recognition of the trigger points in 404 permitting will 
provide guidance in developing mitigation plans (see Chapter 4, Federal and State 
Regulations). The County/District strongly endorses minimizing disturbances to natural 
watercourses in order to lessen the impacts on ecology. 

2.8 FINAL DESIGN CONSIDERATIONS 

The drainage plan serves as the framework for final design. A thorough drainage plan 
streamlines the final design process. That is not to say that changes will not occur during final 
design. However, wholesale changes should not occur due to drainage issues. 

It is during final design that street drainage is analyzed and catch basins/storm drains are 
designed. The specifics and supporting analysis for open channels including culverts and 
bridges, and the influences of sedimentation and scour, are developed during final design. It is 
here that stormwater storage facility details, including pump stations if appropriate, are 
enumerated to permit review by the County/District and subsequent construction. During final 
design, the design engineer applies the policies and standards of the County/District to minimize 
capital cost and long term maintenance of the drainage improvements while accommodating 
safety and health concerns. 
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3 DRAINAGE POLICIES 
3.1 PURPOSE 

The policies contained in this chapter are the general principles by which the County/District 
implement the District and Maricopa County regulations and ordinances governing stormwater 
management. Application of these policies assist the County/District in their mission to provide 
regional flood hazard identification, regulation, remediation, and education to Maricopa County 
residents so that they can reduce their risks of injury, death, and property damage from flooding, 
while still enjoying the natural and beneficial values served by floodplains. Policies are normally 
used internally by the County/District to guide employees with application of the governing 
regulations. Guidelines are policies that the County/District sets forth for use externally by the 
public and other agencies to define acceptable practice that the County/District interprets as 
meeting the intent of the governing regulations. The policies in Chapter 3 are intended to meet 
this purpose and are for internal and external application. The County/District regulations and 
ordinances that these policies help implement include the following: 

0 Drainaae Reaulations for MaricorJa Countv, September 2004. 

0 Flooddain Reaulations for Maricooa Countv, 2000 rev (currently undergoing revision). 

0 Maricooa Countv Zonina Ordinance. 

0 MaricorJa Countv Subdivision Reaulations. 

Additional District policies and standards include: 

DDM - Hydrology, most current edition. 

0 DDM - Hydraulics, most current edition. 

0 DDM - Erosion Control, most current edition. 

0 Erosion Hazard Guidelines, (ADWR, 1996). 

Policy for the Aesthetic Treatment and Landscaping of Flood Control Projects, (FCDMC, 
1992). 

Piedmont Flood Hazard Assessment for Flood Plain Management for Maricopa County, 
2000 draft (Hjalmarson, 2000). 
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The County/District has adopted floodplain management and stormwater drainage policies with 
this document that set forth guiding principles for stormwater management. These drainage 
policies fall under the following categories: 

General 

Planning 

Drainage Patterns 

Hydrology 

Stormwater Quality 

Floodplain Management 

Erosion Hazard Management 

Street Drainage 

Conveyance Facilities 

Stormwater Storage Facilities 

Sand and Gravel Mining Floodplain Use Permits 

Ownership and Maintenance 

Erosion Control During Construction 

These policies, together with the stormwater management documents listed above, define the 
criteria and procedures to be used for stormwater management and drainage design and 
construction in the unincorporated areas of Maricopa County. 

3.2 GENERAL 

The policies listed in Chapter 3 are intended for both internal use by County/District employees, 
and for external use by the public. The following policies are intended to clarify general issues 
related to public versus private projects, and new development versus retrofit and rehabilitation 
projects. 

Policy 3.2.1 Design Standards for New Construction. The standards listed in Chapter 6 
apply as the minimum requirements for new public and private development projects on 
previously undeveloped land or on land where existing improvements are completely removed. 

Policy 3.2.2 For the purposes of this 
policy, a rehabilitation project is any project that will repair (other than routine, ongoing 
maintenance) and/or improve existing facilities. Rehabilitation projects are to normally be 

Design Standards for Rehabilitation Projects. 
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constructed to the standards listed in Chapter 6, but may be built to a lesser standard under the 
following conditions: 

1. Adjacent, upstream and downstream properties and/or drainage facilities would be 
adversely affected by constructing the proposed improvements to current standards and 
the cost to mitigate the adverse effects is determined by the County/District to be 
impractical. Such properties must not be adversely affected by the proposed 
improvements, when compared to existing conditions. 

2. If the project is funded with public funds and the proposed improvements will increase 
public safety, health and welfare. 

Policy 3.2.3 
subsidence and/or fissures when planning, designing and constructing drainage facilities. 

Subsidence and Fissures. The designer should consider the effects of 

3.3 PLANNING 

Proper planning and design of drainage facilities are as important as for water, wastewater, 
streets and other infrastructure needs in a growing community. The following are 
CountylDistrict policies related to drainage planning for private developments. 

Policy 3.3.1 Compatibility with Studies of Record. Developments shall acknowledge and 
assess their project for compatibility with any ADMSs, ADMPs, WCMPs, or flood insurance 
studies. 

Policy 3.3.2 Rules of Development. New development, including subdivisions and 
individual lots, within watersheds of an adopted ADMS or ADMP, should follow any Rules of 
Development adopted as a part of the plan. In the event that 
development does not want to follow the rules, an engineering analysis will need to be provided 
to substantiate the reasons for not adhering to the Rules of Development. 

Refer to Section u. 

Policy 3.3.3 Drainage Guidelines. New development, including subdivisions and individual 
lots, within watersheds of an ADMS or ADMP that is in progress but not yet adopted, are 
encouraged to follow any Drainage Guidelines (interim Rules of Development) that are drafted 
as a part of the plan development and approved by the County/District. Refer to Section 2,6.9. 

Policy 3.3.4 Watercourse Master Plan Requirements. Where a WCMP has been 
completed, the approved plan for erosion setbacks, structural and non-structural measures, 
existing and/or future condition floodplain and floodway requirements, Rules of Development, 
and Development Guidelines should be followed. 

Policy 3.3.5 Permits. There are a myriad of federal, state, and county permits that may be 
required prior to the start of construction of a project (see Chapter 4 and Chapter 5). It is not the 
County/District’s responsibility to ensure that the plans for a proposed project satisfy state and 
federal permit requirements. It is the County/District‘s policy that all such permits must be 
obtained, but it is the owner’s responsibility to determine which permits are required and to 
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obtain them as appropriate for the timing of the project. County/District-issued permits may be 
withheld pending written proof that required State and/or Federal permits have been obtained. 

3.4 DRAINAGE PATTERNS 

The provision for facilities to convey stormwater runoff is a necessary part of land development 
activity. In the natural environment, stormwater runoff will determine its own course. Land 
development may require alteration of the natural alignment of a drainage system. This may 
result in realigned flow paths, larger peak discharges, greater volume of runoff, higher water 
surface elevations, increased flow velocities and other drainage modifications that can 
adversely impact other properties, and which must be mitigated. As a result, the following are 
County/District policies: 

Policy 3.4.1 Disturbances to Natural Watercourses. Disturbances to natural 
watercourses should be minimized in order to preserve the watercourses’ natural and beneficial 
function. 

Policy 3.4.2 Historic Drainage Patterns. Historic drainage patterns, where runoff enters 
and exits a property, shall be maintained, to the extent possible. 

Policy 3.4.3 Alteration of On-Site Drainage Patterns. Activities on a property that affect 
drainage shall not result in adverse impacts on adjacent properties. At a minimum, such 
drainage activities, including wash relocations and the concentration of sheet flows or braided 
washes, shall not adversely change water surface elevations and flow characteristics. Such 
drainage activities shall require an engineered report that substantiates there are no adverse 
impacts. 

Policy 3.4.4 Drainage Facilities and Structures. Any drainage facility or structure that will 
be located within a watercourse, drainage way, or other means of conveying or storing 
stormwater shall be designed and constructed to the standards listed in Chapter 8. 

3.5 HYDROLOGY 

Hydrology addresses surface water and the estimation of peak discharges, volumes and time 
distributions, which result from precipitation. Hydrologic data is fundamental in the design of 
drainage facilities. The purpose in application of hydrology is ultimately for delineation of the 
limits of flood-prone areas, for design of drainage structures and facilities, and to define what 
constitutes natural and/or historical conditions at property boundaries. There are a number of 
methods for obtaining the necessary hydrologic information to accomplish this purpose. The 
following policy defines the preferred hierarchy for use of such information and for generation of 
new hydrology. 

Policy 3.5.1 Source of Peak Discharge and Runoff Volume Information. The following is 
the preferred order of hierarchy for obtaining peak discharges and runoff volumes for various 
floodplain and drainage purposes: 
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1. 

2. 

3. 

3.6 

The first choice is to obtain accepted peak discharges and runoff volumes of record from 
ADMSs, ADMPs, WCMPs or flood insurance studies. The results from these studies must 
be evaluated to determine if the assumptions made are still valid and appropriate for the 
intended purpose. Such studies may only provide information for the 1 OO-year storm. 
Information for other storm frequencies may be obtained by appropriate revision of the 
existing computer models using the procedures defined in the Hvdroloay and Hvdraulics 
volumes. 

The second choice is the drainage plans and design reports from adjacent properties. 
This information may be used where available and if approved by the reviewing agency 
for use on the project. 

If choices 1 and 2 above are not available options, or are deemed inappropriate, then 
peak discharges and runoff volumes should be estimated in accordance with the 
procedures in the Hvdroloav and Hvdraulics volumes. 

STORMWATER QUALITY 

In March 2003, Arizona municipalities within the urbanized area were brought into the municipal 
stormwater permitting program through Phase I1 of the Federal stormwater program called the 
National Pollutant Discharge Elimination System (NPDES). In Arizona, this program is called 
the Arizona Pollutant Discharge Elimination System (AZPDES), except for tribal lands, which 
are administered by the EPA. Maricopa County has been designated as a permittee under this 
program. Under this permitting effort, all County departments including the District are doing 
their part to protect and help improve stormwater quality. The following are the County/District's 
policies as they relate to stormwater quality: 

Maricopa County policies related to stormwater quality are: 

Policy3.6.1 
pollutants' into a natural drainage system or a public storm sewer system or facility. 

Discharge of Pollutants. No person or entity may cause the discharge of 

Policy 3.6.2 Pollutants on the Land Surface. Pollutants released to the land surface that 
subsequently become a constituent of stormwater runoff are considered a discharge of 
pollutants'. 

Policy 3.6.3 
stormwater runoff from construction sites in quantities greater than natural conditions. 

Soil as a Pollutant. Soil is considered a pollutant when it is entrained in 

' Pollutant shall have the same meaning as defined in ARS 49-201 (28). 
As of 11/30/01, excludes certain activities such as not-for-profit washing of vehicles, non-agricultural 
irrigation water discharges, fire hydrantlpotable water system flushing, dust control watering, and 
discharge of residential evaporative cooler/air conditioning condensate. Since the federal regulations 
pertaining to this matter change periodically, the practitioner should review the Federal Register for 
revision. 
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Policy 3.6.4 Erosion Control. Erosion control measures for new developments should be 
in conformance with Best Management Practices (BMPs) identified in the DDM - Erosion 
Control or other EPA, ADEQ, or locally approved method. 

Policy 3.6.5 Stormwater Pollution Prevention. Stormwater Pollution Prevention is to be 
addressed through the use of BMPs to the maximum extent practicable to comply with federal, 
state, county or local regulations or ordinances. Refer to the Erosion Control volume. 

Policy 3.6.6 First Flush. The District has established a minimum level of control for new 
development at which stormwater pollution prevention practices must be put in place. This 
minimum standard is "First Flush", and consists of retaining or treating the first 0.5 inches of 
direct runoff from a storm event. Normally, this minimum level of control is met by following the 
County/District retention requirement (Section a, , Standard 6.10.5). In the event 
that normal County retention standards are waived (100 year, 2 hour storm), or a surface based 
bleed off for the retention basin is proposed, the first flush provisions shall apply. Refer to 
Standard 6.4.1 for technical details and an example application. 

This first flush policy is the result of ARS 48-3622 where the District may require any action or 
impose any restriction that the District considers reasonably necessary to meet the District's 
obligations, if any, to comply with local, state or federal water quality laws. The full text of this 
statute is included in Section 5.7. 

3.7 FLOODPLAIN MANAGEMENT 

Maricopa County participates in the NFIP, which provides flood insurance to its citizens and 
flood mitigation assistance and emergency assistance to flood victims. The Department of 
Homeland Security, Federal Emergency Management Agency (FEMA) oversees the NFIP. 
FEMA has regulations pertaining to floodplain management that must be followed in order for 
Maricopa County to continue as a member of the NFIP. The State of Arizona, in turn, requires 
each county to form a flood control district and to adopt and enforce floodplain regulations for 
the county. The District has adopted floodplain regulations for Maricopa County that meet or 
exceed the FEMA and State regulations. 

The District has local policies to manage floodplains in a uniform and consistent manner to meet 
the intent of the floodplain regulations. These policies are categorized as being FEMA related 
and non-FEMA related in nature. Erosion and sedimentation hazards management are an 
integral part of floodplain management. Policies are also established to manage erosion and 
sedimentation hazard areas in a uniform and consistent manner. 

3.7.1 FEMA 

Refer to the Floodplain Regulations for Maricopa County (Section 5.3). FEMA has identified 
floodplains and established floodways that are shown on the FIRMS. Refer to Section 4.3 for a 
description of the NFIP under which these maps were prepared. The District policies related to 
implementation of the Floodplain Regulations are as follows: 
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Policy 3.7.1 Best Available Technical Information. New or updated information for FEMA 
defined floodplains and floodways is constantly being prepared, both by the District and others. 
It is the District’s policy, in conformance with FEMA Guidelines, to use this information for 
regulatory purposes and to provide it to the public as the “Best Available Technical Information”. 
Examples of “Best Available Technical Information” follow: 

1. New studies that have not yet been submitted to FEMA. This information is usually from 
studies that are in progress but could also be completed studies that are being held 
pending further investigations such as completion of an ADMS, ADMP or WCMP. This 
information may be shared with the public if appropriate, it is stamped preliminary, and the 
recipient is notified that the information is subject to change and is used at-risk. This 
information may be used for regulatory purposes if the floodplain and/or floodway widths 
or 100-year water surface elevations exceed those of the effective FEMA Flood Insurance 
Study (FIS). 

New studies that have been submitted to FEMA but not yet approved. This information 
will be shared with the public, will be stamped preliminary, and the recipient will be notified 
that the information is subject to change and is used at-risk. This information will be used 
for regulatory purposes if the floodplain and/or floodway widths or 100-year water surface 
elevations exceed those of the effective FEMA FIS. The effective FEMA FIS will be used 
for regulatory purposes for all other cases. 

A floodway delineation in a new study prior to submittal t o  FEMA. If the results of a new 
study will place existing structures within a proposed floodway, the District will normally 
initiate an internal District Review Committee to determine if: 

2. 

3. 

A. More detailed surveys should be done to evaluate the floodway location. 

B. Evaluate whether anticipated future conditions may affect the proposed floodway 
location. 

C. Assess the risk for each structure and determine the level of priority for inclusion in 
the District Floodprone Property Assistance Program. 

Policy 3.7.2 CLOMR Requirement Prior to Issuance of a Grading Permit. Subdivisions 
of 5 acres or greater and/or 50 lots and greater planning to submit a CLOMR for modification of 
a FEMA-designated floodplain and/or floodway, must receive District approval and submit the 
CLOMR request to FEMA before a grading and drainage permit will be issued by Maricopa 
County for the development. 

Policy 3.7.3 LOMR Requirement Prior to Final Development Approval. Residential 
subdivisions of 5 acres or greater and/or 50 lots and greater that have submitted a CLOMR to 
FEMA for modification of a FEMA-designated floodplain and/or floodway, must receive an 
FEMA-approved LOMR before final approval by Maricopa County is granted for building 
occupancy for the development. 
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Policy 3.7.4 Location of Structures. The developer should locate proposed structures 
outside of a FEMA-designated floodplain if at all possible. District staff will work with the 
developer on building placement and issue a Floodplain Clearance if the proposed structure(s) 
is successfully placed outside the floodplain. 

Policy3.7.5 Public and Private Roads Affecting FEMA Floodplains. A CLOMR and 
LOMR must be submitted to the District and FEMA for approval if a proposed roadway affects a 
FEMA-designated floodplain and/or floodway. This applies to all development including those 
done by MCDOT, ADOT and all District-regulated communities within Maricopa County. 

3.7.2 Non-FEMA 

There are many floodprone areas in Maricopa County that do not have floodplains or floodways 
identified by FEMA. The District's mission is clear: To provide regional flood hazard 
identification, regulation, remediation, and education for Maricopa County residents so that they 
can reduce their risks of injury, death and property damage from flooding, while still enjoying the 
natural and beneficial values served by floodplains. Such floodprone areas, meeting the 
definition set forth in the District's Floodplain Regulations (Section s), are subject to 
regulation. 

County/District policies pertaining to non-FEMA flood or erosion prone areas follow: 

Policy 3.7.6 Requirement to Delineate 100-year Flood Hazard Area and Establish 
Minimum Finished Floor Elevation. In locations where development is proposed and a FEMA 
regulatory floodplain does not exist, delineation of the 100-year flood hazard area may be 
required by the County/District. The minimum finished floor elevation requirements always 
apply. Refer to Table 6.7 for more specific criteria and requirements. Required delineations are 
to be prepared using the technical guidance in the Hvdroloay and Hvdraulics volumes and 
require approval by the County/District. 

Policy 3.7.7 Erosion Protection. Building pads and foundations may be required to have 
an additional setback or be protected from erosion and scour in conformance with the 
procedures in the Hvdraulics volume. As an alternative to structural protection, building 
setbacks from washes may be required for protection from erosion hazards, as set forth in 
ADWR (1996). 

Policy3.7.8 Lot Grading. Lots are to be graded to drain so as not to adversely affect 
adjacent property owners. Runoff redirected from its natural flow location may drain onto or 
through an adjacent property if a written agreement is in place with the affected property 
owner(s) or a drainage easement(s) or tract@) is provided. Such agreements, easements or 
tract(s) must be recorded against the deed@) of the affected properties. A legal description and 
exhibit drawing of every easement must be included as a part of the recorded documents. 
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3.8 EROSION HAZARD MANAGEMENT 

3.8.1 Riverine Areas 

Policy 3.8.1 
as a minimum, apply to: 

Riverine Erosion Hazard Zones. Erosion hazard guidelines (ADWR, 1996), 

Structures that could fail or incur significant damage as a result of erosion or deposition. 

Proposed structures that, if built, could result in adverse impacts to adjacent properties. 

Watercourses that do not have erosion hazard zones approved by the District. 

Watercourses within existing or proposed subdivisions, including residential and non- 
residential. 

Watercourses identified by the District as having significant potential flood hazards. 

Watercourses with drainage areas equal to or greater than 30 acres or a 100-year peak 
discharge estimate of more than 50 cfs, as estimated using the procedures in the Hvdroloay 
and Hvdraulics volumes. 

Erosion zones consistent with ADWR (1996) may be required for all properties developed in 
which the watercourses are to be left in an undisturbed state. Depending on the geomorphic 
conditions of the area, if the erosion limits are suspected by the District to exceed those 
estimated using a Level I analysis, as defined in ADWR (1996), a Level II or Level Ill analysis 
may be required. 

3.8.2 Distributary Flow Areas 

Policy 3.8.2 Watercourse Stability Analysis. Stability of the watercourse divergence 
point(s) and divergent wash(es) should be determined prior to the approval of a proposed 
structure. 

Policy 3.8.3 Proposed Watercourse Alterations. Proposed modifications should not 
disturb the natural divergence location(s), , especially if upstream, downstream or adjacent 
parcels may be adversely impacted. 

Policy 3.8.4 
applied to all divergent watercourses adjacent to the proposed structure. 

Erosion Hazard Zones. Erosion hazard guidelines (ADWR, 1996) should be 

3.8.3 Sheet FlowAJnconfined Flow Areas 

Policy 3.8.5 Vegetation Removal and Flow Concentration. Erosion potential directly 
relates to vegetation removal and concentration of flows. Proposed development should limit 
vegetation removal and concentration of flow to a minimum. 
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Policy 3.8.6 Single-lots. Flows will not be concentrated beyond the typical shallow swale 
around the structure. These swales should daylight and broaden to the original sheet flow 
conditions on the downstream side of proposed structures. Erosion protection may be required. 

Policy 3.8.7 Subdivisions. The subdivision drainage design should focus on limiting the 
concentration of flows to the absolute minimum condition. Where flows are concentrated, 
appropriate scour protection should be applied to the channelized reach. Concentrated flows 
shall be returned to the natural sheet flow condition prior to exiting the property. 

3.8.4 Alluvial Fadpiedmont Areas 

Policy 3.8.8 Piedmont Assessment Analysis. Locations exhibiting signs of erosion 
associated with active alluvial fan flooding may require a piedmont assessment analysis. 

Policy 3.8.9 Piedmont Erosion Hazards. Erosion hazards are to be addressed 
through engineering and geomorphic analysis for all landforms associated with the piedmonts. 

Policy 3.8.1 0 Alluvial Fan Floodway Corridors Erosion Hazard Zones. Alluvial fan 
floodway corridors and flow through channels are to follow the guidelines outlined in ADWR 
(1996). 

Policy 3.8.1 1 Other Piedmont Locations. For other piedmont locations, follow the 
appropriate erosion hazard analysis based on the type of flow characteristics representative of 
the area. Refer to Section &&J for tributary channels on pediments, inactive and relict fans. 
Refer to Section for distributary flow areas on pediments, inactive fans, and alluvial plains. 
Refer to Section for sheet flow areas on pediments, inactive fans, and alluvial plains. 

3.9 STREET DRAINAGE 

The primary purpose of streets is to serve transportation needs. Accommodation of street 
drainage is provided so that motorists and emergency vehicles have a reasonable level of 
access and safety during storm events. For new public street construction or improvements to 
existing public streets, stormwater flowing within or across a street is to be managed in 
accordance with the following County/District policies. 

Policy3.9.1 No Adverse Impacts. Street design should identify any increase in peak 
discharge and flow velocities and account for them in the roadway design so there are no 
adverse impacts to other properties. 

Policy 3.9.2 
provide motorists and emergency vehicles access and safety during a storm event. 

Safety. Streets should be designed to convey stormwater runoff so as to 

Policy 3.9.3 Standards. Streets shall be designed to accommodate stormwater in 
conformance with County/District Drainage Standards (Refer to Chapter 6). 

Policy 3.9.4 Velocity. Street flow velocities in excess of those established in the 
County/District Drainage Standards (Chapter 6) require County/District administrative approval. 
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Policy 3.9.5 Inverted Crowns. Inverted crown streets are not permitted without 
County/District approval. 

Policy 3.9.6 Local Streets. Local streets shall not be designed to collect or direct runoff 
from expressway, arterial, and collector roads. Expressway, arterial and collector roads shall 
not direct drainage onto local streets. 

Policy 3.9.7 Culverts and Bridges. Culverts or bridges should be provided for all 
expressway, arterial, and collector roads that cross open channels or drainage ways. 
Exceptions may be approved by the County/District. Engineering justification must be provided 
and approved administratively by the County/District. 

3.10 CONVEYANCE FACILITIES 

Stormwater conveyance facilities are defined to include open channels, undisturbed 
watercourses such as rivers and washes, ditches and swales, streets, culverts, or storm drains. 
The following are County/District policies related to drainage conveyance facilities: 

Policy 3.1 0.1 Review. Watercourses may be reviewed for conveyance capacity and 
erosion/sedimentation considerations in accordance with the County/District Drainage 
Standards (Chapter 6) and the Hvdroloay and Hvdraulics volumes. 

Policy 3.10.2 Hydraulic Structures. All hydraulic structures are to be designed and 
constructed, as a minimum, in conformance with the Uniform Sfandard Specificafions and 
Details for Public Works Consfruction (MAG Standards) by the Maricopa Association of 
Governments, latest edition, including any County/District amendments. Use of the ADOT 
Sfandard Specifications for Road & Bridge Construction and Standard Drawings (ADOT 
Standards), latest edition of both including any County/District amendments, is also permissible. 
Additional details and specifications may be necessary or required, and in all cases, the final 
approved construction documents, compliant with current design standards, shall control. 

Policy 3.1 0.3 Acceptance of Existing StructureslFacilities. Prior to the acceptance by 
Maricopa County and/or the District, to incorporate existing structures and/or facilities for 
maintenance, such structures and/or facilities shall be refurbished for the intended life cycle and 
constructed or reconstructed as a minimum, in conformance with the MAG Standards, latest 
edition, including any County/District amendments. Use of the ADOT Standards, latest edition 
including any County/District amendments, is also permissible. Additional details and 
specifications may be necessary or required, and in all cases, the final approved construction 
documents, compliant with current design standards, shall control. 

Policy 3.1 0.4 ErosionlSedimentation Analyses. The designer of drainage facilities should 
undertake the appropriate level of erosion/sedimentation analysis commensurate with the risk of 
undesirable consequences expected to the health, safety, and welfare of the general public. 
Design water surface elevations for excavated channels are to be below adjacent natural 
ground, including design freeboard. 
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Policy 3.10.5 
drainage to a channel. 

Levees and Berms. Levees or berms should not obstruct side or interior 

Policy 3.10.6 Irrigation Canals. Irrigation canals may not be used as an outfall for 
stormwater runoff without written approval by the agency that owns the facility. 

Policy 3.10.7 Siphons. The use of siphons for stormwater conveyance is strongly 
discouraged. A siphon may be allowed provided it is demonstrated there is no other feasible 
option and adequate provisions for on-going maintenance are in-place. 

Policy3.10.8 Trash Racks and Access Barriers. Trash racks at entrances and access 
barriers at outlets are to be provided for stormwater conduits as specified in Chapter 6 
(Standards). 

Policy 3.10.9 
surrounding landscape to the greatest reasonable extent possible. 

Landscape Character. All channels should be designed to blend into the 

Policy 3.1 0.1 0 Stormwater Conveyance During Construction. Stormwater conveyance is to 
be provided at all times during construction in such a manner as to not increase flood depths, 
sedimentation, or erosive velocities above pre-construction levels for the areas adjacent to, and 
downstream of, construction projects. 

3.1 1 STORMWATER STORAGE FACILITIES 

Land development can convert natural pervious areas into impervious or otherwise altered 
surfaces. These activities may cause an increase in runoff volume and/or peak discharge. The 
temporary storage of stormwater runoff can decrease downstream peak discharges and 
associated impacts to drainage infrastructure. The following are County/District policies related 
to stormwater storage: 

Policy 3.1 1 .I Stormwater Retention for Developments. All development (residential and 
non-residential subdivisions, and single non-residential parcels) shall make provisions to retain 
stormwater runoff falling within its boundaries in accordance with the Drainage Regulations for 
Maricopa County (Section u), the procedures provided in the and Hvdraulics 
volumes, and the County/District Drainage Standards (Chapter 6). 

Policy 3.1 1.2 On-Lot Storage. On-lot storage is not allowed for residential subdivisions with 
a lot size less than one gross acre without a variance from Drainage Regulations Section 
603.2.d, approved in writing by the Drainage Review Board. 

Policy 3.1 1.3 Multi-Use Features. The designers of stormwater storage areas in residential 
subdivisions are encouraged to incorporate multi-use features and to design the basin grading 
with varying side slopes/land features that are aesthetically pleasing while accommodating 
safety features. Aesthetics as well as functionality are to be considered in the design of 
stormwater storage and conveyance facilities. Siting recreational facilities, particularly 
playgrounds for children, at the very bottom of stormwater storage basins is to be avoided. It is 
recommended these basins be designed with tiers or gentle slopes to allow for the collection of 
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nuisance water and conveyance around fields and play areas to keep them safe from inundation 
during the more frequent rainfall events, such as the one- or two-year storm. 

Policy 3.1 I .4 
blend into the surrounding landscape to the greatest reasonable extent possible. 

Landscape Character. All stormwater storage facilities should be designed to 

Policy 3.1 1.5 
facilities shall be designed with public health and safety in mind. 

Public Health, Safety and Water Quality Enhancement. Stormwater storage 

Policy 3.1 1.6 Drainage of Storage Facilities. Storage facilities shall be designed to drain in 
accordance with the procedures in the DDM, the Drainage Regulations for Maricopa County 
(Section u), and Section m. All stormwater storage facilities shall be designed to drain to 
appropriate outfall facilities. 

Policy 3.1 1.7 
but not encouraged. Such facilities must be designed in accordance with Section m. 

Underground Storage Facilities. Underground storage facilities are allowed 

Policy 3.1 1.8 Basin Geometry. Depth and side slopes of stormwater storage facilities shall 
be in accordance with the procedures in the DDM and the County/District Drainage Standards 
(Chapter 6). 

Policy 3.1 1.9 Discharge to District-Owned or Maintained Facilities. The discharge from a 
stormwater storage facility into District-owned or maintained drainage facilities shall require a 
right-of-way use permit issued by the District for work in, and continued discharge to, District 
rights-of-way. In addition, a water quality permit from the District for compliance with the First 
Flush policy must be obtained. 

Policy 3.11.10 Offsite Flows. Off-site flows shall not be routed through a stormwater storage 
facility without County/District approval. Offsite flows shall not be co-mingled with onsite flows. 

Policy 3.1 1 .I 1 FEMA Special Flood Hazard Area. Stormwater storage facilities shall not be 
sited within a FEMA Special Flood Hazard Area (Section u) without District approval. 

Policy 3.1 1 . I 2  Storage Requirement Variances. Variances from Stormwater Storage 
requirements may be granted in accordance with Section 503 of the Drainage Regulations 
(Section u). Item 2a of that regulation may be met in cases where the developer 
demonstrates one of the following: 

0 1 00-year post-development peak discharges are less than pre-development and post- 
development times of concentrations do not exacerbate downstream conditions. 

The downstream drainage system is adequate to safely accommodate existing and future 
buildout conditions without adverse impacts to adjacent properties and the potential runoff 
has been included in a storage facility at another location. 

The downstream drainage system is adequate for existing and future buildout conditions, 
and the potential runoff can be directly carried to a regional drainage system without 
adverse impacts to adjacent properties. 

January 11,2007 3-1 3 



Drainage Policies Maricopa County Drainage Policies and Standards 

0 A cost-share agreement is in-place, mutually acceptable to all concerned parties, for 
construction of regional drainage works that would obviate the need for on-site retention 
facilities. 

In any case, a variance will only be allowed after County/District acceptance of any action or 
restriction they consider reasonably necessary to meet their obligations, if any, to comply with 
local, state or federal water quality laws as a result of their AZPDES permit. 

3.12 SAND AND GRAVEL MINING FLOODPLAIN USE PERMITS 

All sand and gravel mining operations within watercourses in Maricopa County must have an 
approved District Floodplain Use Permit prior to commencing operations. 

3.13 OWNERSHIP AND MAINTENANCE OF DRAINAGE FACILITIES 

It is essential that maintenance be considered during the planning, design and construction of 
drainage facilities. Maintenance is provided so that the facilities can function as they were 
originally designed and constructed, and so that the service life of the facility is maximized. 
Common maintenance problems associated with drainage facilities include growth of 
undesirable vegetation, debris accumulation, sedimentation, erosion, scour, soil piping, soil 
settlement and structural damage. Culverts and bridges are to be designed to avoid impacts to 
existing sediment transport conditions. The following are County/District policies related to 
maintenance for stormwater and drainage facilities: 

Policy 3.13.1 Ownership and Maintenance (Subdivisions). A privately-owned drainage 
tract should be provided for all new subdivision common-use drainage conveyance and storage 
facilities and must accommodate access for maintenance. A Homeowner's Association may be 
formed to own and maintain common stormwater conveyance and storage areas. Such 
common stormwater conveyance and storage areas will be located within platted rights-of-way, 
drainage or open area tracts. 

Policy 3.13.2 Ownership and Maintenance (Minor Land Divisions). A privately-owned 
drainage tract should be provided for all new minor land division common-use stormwater 
conveyance and storage facilities and must accommodate access for maintenance. Such 
developments shall dedicate common-use rights-of-way, easements or tract(s), including a 
maintenance agreement, and must be recorded against the deed(s) of the affected properties. 

Policy 3.1 3.3 Standard Drainage Easement. Drainage easements for Homeowner's 
Associations or privately-owned parcels should be prepared using the Standard Drainage 
Easement contained in Appendix E, modified appropriately for the application. A legal 
description and exhibit drawing of every easement are to be included as a part of the recorded 
documents. 

Policy 3.1 3.4 Permanent Accessibility. Provision for permanent drainage facility 
accessibility, including access for maintenance equipment into channels and culverts, is 
necessary for regularly scheduled maintenance activities. All drainage facilities shall be 
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accessible for appropriate maintenance equipment, with special consideration given to access 
during flood emergencies. 

Policy 3.13.5 Consideration of O&M Cost During Design. All drainage facilities should be 
designed and constructed with consideration to the cost of ongoing operation and maintenance, 
including maintenance related to stormwater quality. 

Policy 3.13.6 Maintenance of Privately-Owned Drainage Facilities. The County/District 
will not maintain privately-owned drainage facilities of any type. 

Policy 3.1 3.7 Tracts for Privately-Maintained Facilities. Drainage facilities that are to be 
privately maintained should be encompassed within a drainage tract or easement with said tract 
or easement clearly identified as private property. All drainage facilities owned and/or operated 
by private entities, including Homeowner’s Associations, shall be properly maintained to 
promote performance of the drainage facilities consistent with the original design intent, 
including stormwater quality. 

Policy 3.13.8 CC&R Requirement. Homeowner’s Associations that own and/or operate 
drainage facilities shall include statements in their CC&R’s and on the recorded Final Plat 
clearly identifying that the Homeowner’s Association is responsible for regular inspection, 
operation, maintenance and repair of the drainage facilities, including stormwater quality. 

Policy 3.1 3.9 Final Plat Drainage Easement Maintenance Clause. Where the developer 
has chosen to not form a Homeowner’s Association for the development, the language 
contained in Appendix may be used on the Final Plat, modified appropriately for the 
application. The dedication on the Final Plat shall not dedicate drainage easements to the 
public, Maricopa County or the Flood Control District of Maricopa County. 

Policy 3.1 3.10 Alteration of Privately-Owned Facilities. Drainage features and facilities that 
are the responsibility of entities other than the County/District (Le. Homeowner’s Associations, 
developers, management companies, private owners, or other entities) may not be altered in 
form or function without a proper permit. 

Policy 3.13.1 1 Section 404 Permits. Where required, Section 404 permits shall be obtained 
prior to the start of maintenance activities that fall under Section 404 permit requirements. 

Policy 3.13.12 Permits. The owner is responsible for obtaining permits necessary for 
performing maintenance activities, including, but not limited to, a Maricopa County Dust Control 
Permit and AZPDES permit. 

3.14 EROSION CONTROL DURING CONSTRUCTION 

Construction activity disturbs the land surface thereby exposing native soils to increased rates 
of erosion by wind and rain. Airborne soil poses detrimental health risks and reduces visibility. 
Erosion of soil from construction sites by stormwater increases the rate of siltation of drainage 
ways, which can exacerbate flooding and increase the cost of on-going maintenance. The 
County/District policies associated with erosion control during construction are as follows: 
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Policy 3.14.1 Requirement. Appropriate erosion control measures are required by ADEQ 
and EPA stormwater quality regulations (Section 4 3 ,  and Maricopa County Air Pollution 
Control Regulations at construction sites. 

Policy 3.14.2 
Control, or as approved by the County/District. 

Standards. Erosion control should be in accordance with the DDM - Erosion 

3.15 REFERENCES 

Arizona Deparfment of Transporfation, latest edition, Standard Specifications for Road & Bridge 
Construction and Standard Drawings (ADOT Standards). 

ADWR, 1996, State Standard for Watercourse System Sediment Balance, State Standard 5-96, 
Flood Warning and Dam Safety Section. 

FCDMC, 1992, Policy for the Aesthetic Treatment and Landscaping of Flood Control Projects, 
Flood Control District of Maricopa County. 

FCDMC, 2003, Sand and Gravel Mining Floodplain Use Permit Application Guidelines, Flood 
Control District of Maricopa County. 

FCDMC, 2007, Drainage Design Manual for Maricopa County, Hydrology. 

FCDMC, 2007, Drainage Design Manual for Maricopa County, Hydraulics. 

FCDMC, 2007, Drainage Design Manual for Maricopa County, Erosion Control. 

Hjalmarson, H. W., 2000 (Draft), Piedmont Flood Hazard Assessment for Flood Plain 
Management for Maricopa County, Arizona: for Flood Control District of Maricopa County, 
Phoenix. 

Maricopa Association of Governments, latest edition, Uniform Standard Specifications and 
Details for Public Works Construction. 
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4 FEDERAL AND STATE 
REGULA TIONS 

4.1 INTRODUCTION 

SPECIAL NOTE. This chapter is intended to provide an overview of pertinent federal and state 
regulations that address drainage and drainage related issues. County/District regulations, 
policies and standards meet and often exceed these minimum requirements. Refer to 
Chapter 3 for the local regulations and a description of the permitting process pertinent to the 
unincorporated areas of Maricopa County. The differences between the Federal and State 
regulations, and those for the unincorporated areas of Maricopa County, are not set forth in this 
chapter. 

Engineers responsible for drainage design must conform to all regulations that may affect their 
project including federal, state and local acts, codes, laws, regulations, ordinances, standards 
and policies. Although these regulations are constantly changing, the following discussion 
provides some guidance as to the areas where federal and state governmental agencies 
exercise control over drainage related activities. 

4.2 WATER AND CULTURAL RESOURCE AGENCY CONTACT LIST 

The list that follows identifies the various agencies one may need to contact to obtain 
information or file a permit for drainage projects. This list is provided as assistance and for 
information purposes only. This list may not include all agencies or environmental reviews or 
permits that are required for a given project. Telephone numbers and addresses are subject to 
change. 

General Information 

Environmental Protection Agency (EPA) 
Public Information Center: 
(41 5) 947-8000 
(866) EPA-WEST 
web site: www.eDa.aov/reaion9 

Arizona Department of Environmental Quality 
(ADEQ) 
(602) 771-2300, Main Number 
(602) 771-4881, Ombudsman 
(602) 771-2330, Emergency Response Line 
web site: www.azdea.aov 

Arizona Department of Water Resources 
(ADWR) 
(602) 771-8500 
web site: www.azwater.aov/dwr 

Floodplain Information 

Federal Emergency Management Agency 
(51 0) 627-71 00 (Oakland) 
(202) 566-1600 (Washington D.C.) 

web site: www.fema.aov 
(800) 621-FEMA 
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Clean Water Act Section 404 Permits 

US Army Corps of Engineers 

web site: http://www.usace.armv. mil 
(602) 640-201 5 

National Pollutant Discharge Elimination 
System (NPDES) Permits 

EPA (415) 972-3510 
ADEQ (602) 771 -2300 

Aquifer Protection Permits 

ADEQ 
(602) 771-2300 

Drywell Permits 

ADEQ 

(877) 800-3207 - Hotline 

Groundwater & other Water Permits 

(602) 771-2300 

ADEQ (602) 771-2300 
ADWR (602) 771-8500 

Water Quality Certification 401 Permits 

ADEQ 
(602) 771-2300 

State Species of Concern 

Arizona Game & Fish Department 

http://wvw.azgfd.gov 
(602) 942-3000 

Native Plant Law 

Arizona Dept. of Agriculture 
Plant Services Division 

web site: 
(602) 542-0994 

Endangered Species Act 

U.S. Fish & Wildlife Service 

web site: http://WWW.hvs.aov/arizonaes/ 
(602) 242-021 0 

Historic & Prehistoric Sites 

State Historic Preservation Office 

web site: http://www. pr.state.az. us 
(602) 542-4009 

Native American Community Contacts, 
Maricopa County 

Ak-Chin Indian Community 

web site: http://www.ak-chin.nsn.us/ 
(520) 568-2227 

Ft. McDowell Yavapai Nation 

web site: http://www.ftmcdowell.org 
(480) 837-5121 

Gila River Indian Community 

web site: http://www.gric.nsn.us/ 
(520) 562-6000 

Salt River Pima Maricopa Indian Community 

web site: http://www.saltriver.pima- 
maricopa.nsn.us/ 

(480) 850-8000 

4.3 NATIONAL FLOOD INSURANCE PROGRAM 

4.3.1 Introduction 

The National Flood Insurance Act of 1968, as amended in 1973, provides for a federally 
subsidized National Flood Insurance Program (NFIP) conditioned on active management and 
regulation of development by states and local governments. FEMA administers the NFIP as a 
part of its overall responsibilities in preventing and responding to natural events that damage 
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private and public property and any life-threatening natural event including floods. The NFlP 
provides flood insurance at affordable rates through Federal subsidy of the insurance offered by 
licensed insurance agents. This insurance is designed to provide an insurance alternative to 
disaster assistance to meet the escalating costs of repairing damage to buildings and their 
contents caused by floods. 

Participation in the NFlP is based on an agreement between local communities and the Federal 
Government. This agreement states if a community will adopt and enforce a floodplain 
management ordinance(s) to reduce future flood risks to new construction, the Federal 
Government will make flood insurance available within the community as a financial protection 
against flood losses. 

Availability of the subsidized flood insurance is contingent upon the development of a floodplain 
management system by the local municipality. Prevention of flood related property damage is 
achieved through the delineation of property subject to flood events and the establishment of 
specific rules concerning development within these identified areas. FEMA publishes FIRM's for 
certain flood prone areas that delineate different SFHA's. 

Maricopa County participates in the NFlP and has adopted floodplain regulations, through the 
District, and ordinances so that its citizens have access to the subsidized insurance. The role of 
the community is to enact and implement floodplain management ordinances required for 
participation in the NFIP. 

4.3.2 Community Rating System 

The NFlP Community Rating System (CRS) was implemented in 1990 as a program for 
recognizing and encouraging community floodplain management activities that exceed the 
minimum NFlP standards. The National Flood Insurance Reform Act of 1994 codified the 
Community Rating System in the NFIP. Under the CRS, flood insurance premium rates are 
adjusted to reflect the reduced flood risk resulting from community activities that meet the three 
goals of the CRS: (1) reduce flood losses; (2) facilitate accurate insurance rating; and (3) 
promote the awareness of flood insurance. 

4.3.3 FEMA Special Flood Hazard Areas 

Citizens within Maricopa County are required to ascertain whether or not their respective 
property is located in a FEMA SFHA before commencing with any building or land disturbance 
activity. FEMA Flood Insurance Rate Maps (FIRM's), are available for review at the District, 
Maricopa County, and the Arizona Department of Water Resources. The FIRM's are used to 
determine if a property is located within a SFHA regulated by FEMA. 

4.3.4 Flood Hazard Zones 

The flood hazard maps are subdivided into zones that relate to flooding hazards. These are 
defined as follows: 
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1. 100-year Floodplain: Floodplain resulting from the occurrence of the 100-year rainfall. 
FEMA sets its jurisdictional limits to the 100-year event, which is cited as the base flood 
elevation. The 100-year event is an event that has a one (1) percent chance of occurring 
in any given year. Jurisdictional limits are defined by horizontal flooding limits using the 
base flood elevation. The 100-year floodplain is divided by FEMA into the following 
hazard zones for flood insurance rating purposes: 

D. Zone A: No base flood elevations determined. 

E. Zone AE: Base flood elevations determined. 

F. Zone AH: Flood depths of 1 to 3 feet (usually areas of ponding), base flood 
elevations determined. 

G. Zone AO: Flood depths of 1 to 3 feet (usually sheet flow on sloping terrain), average 
depths determined (and velocities determined for alluvial fan floodplains). 

H. Zone X (shaded): Areas of 500-year flood; areas of 100-year flood with average 
depths of less than 1 foot or with drainage areas less than 1 square mile; and areas 
protected by levees from 1 00-year flood. 

I. Zone X (unshaded): Areas determined to be outside 500-year floodplain. 

2. Floodway: That portion of the 100-year floodplain that is required to convey the 100-year 
flood with a rise in water surface no greater than 1 foot. The allowable rise and the limits 
of the floodway are predetermined by the governing municipality. 

4.3.5 Application Process 

The following figures illustrate a generic representation of the permitting process for a single 
building lot and a larger community tract within a SFHA. 
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Figure 4.1 Generic FEMA Floodplain Encroachment Permit: Individual Lots 
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Figure 4.2 Generic FEMA Floodplain Encroachment Permit: Subdivision 
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4.3.6 Approval Actions Taken by FEMA 

If a property is determined to be located within a FEMA SFHA after reviewing the appropriate 
FIRM, there are several approval options available that, if desired and applicable, the landowner 
must process through FEMA. The landowner must select the permit option that best fits the 
need of the property and satisfies FEMA requirements. Each permit option requires completion 
of specific application forms and may require that a registered land surveyor or professional 
engineer complete the forms. Each permit/application form is identified below by name followed 
by a brief description of the approval response to be expected from FEMA. 

3. 

4. 

5. 

6. 

Conditional Letter of Map Amendment (CLOMA) - A letter from FEMA stating that a 
proposed structure that is not to be elevated by fill would not be inundated by the 100-year 
flood if built to the proposed finished floor elevation. 

Letter of Map Amendment (LOMA) - A letter from FEMA stating that an existing 
structure or parcel of land that has not been elevated by fill would not be inundated by the 
100-year flood. 

Conditional Letter of Map Revision Based on Fill (CLOMR-F) - A letter from FEMA 
stating that a parcel of land or proposed structure that is to be elevated by fill would not be 
inundated by the 100-year flood if fill is placed on the parcel as proposed or the structure 
is built as proposed. 

Letter of Map Revision Based on Fill (LOMR-F) - A letter from FEMA stating that an 
existing structure or parcel of land that has been elevated by fill would not be inundated by 
the 100-year flood. 

Application forms for the four items listed above can be obtained from FEMA by reference MT-1 
FEMA FORM 81-87 SERIES. FEMAs contact address is provided at the end of this section. 

1. Conditional Letter of Map Revision (CLOMR) - A letter from FEMA commenting on 
whether a proposed project, if built as proposed, would justify a map revision. 

2. Letter of Map Revision (LOMR) - A letter from FEMA officially revising the current FIRM 
to show changes to floodplains, floodways, or flood elevation. Physical changes include 
watershed development, flood control structures, etc. 

3. Physical Map Revision (PMR) - A reprinted FIRM incorporating changes to floodplains, 
floodways, or flood elevations. Because of the time and cost involved to change, reprint, 
and redistribute a FIRM, a PMR is usually processed when a revision reflects increased 
flood hazards or large-scope changes. 

Application forms for the three items listed above can be obtained from FEMA by reference MT- 
2 FEMA FORM 81-89 SERIES. FEMA's contact address is provided at the end of this section. 

Projects receiving a conditional letter must re-apply for a letter of amendment or revision upon 
completion of construction. The conditional letter allows financing and local approvals, and/or 
occupancy of the structure to take place. To initiate FEMA review for a specific activity or 
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location, a letter to FEMA requesting one of the “conditional” letters is sent to FEMA along with 
supporting data which includes a signed letter from Maricopa County indicating its concurrence 
with the request. Supporting data may be in the form of improved methodology or improved 
survey data. Improved methodology may be a different technique (model) or adjustments to 
models used in the effective FIS. Improved survey data include revised as well as new data. 
Floodway revisions involve any shift in the FEMA-designated floodway boundaries, regardless 
of whether the shift results in a change that is measurable at the scale of a DFIRM panel. 

4.3.7 Construction in Special Flood Hazard Areas 

The lowest floor of all residential structures constructed in the SFHA must be constructed to a 
minimum of the Base Flood Elevation (BFE)’. Building structures located within the SFHA (but 
not within the Floodway) may be protected from floods up to and including the 100-year flood by 
placement of fill to elevate the structure to or above the BFE. See FEMA guidelines for further 
specifications. Basements of residential structures located in the SFHA must be elevated above 
the BFE. The NFlP regulations allow nonresidential buildings (commercial structures, garages, 
warehouses, etc.) the option to flood-proof rather than elevate as a means of protection from the 
base flood. Non-residential structures can be flood-proofed to one (1) foot above the BFE 
instead of being elevated. Modular buildings must have the bottom of the structure (bottom of 
lowest beam and utilities) raised, as a minimum, to or above the Base Flood Elevation (BFE) 
regardless of its use. Detached garages, barns, and storage sheds are some examples of 
buildings that may not have to be elevated or dry flood-proofed if openings are installed to allow 
floodwaters to enter or exit a structure and meet all other wet flood-proofing requirements. Wet 
flood-proofing requires the use of flood-resistant materials below the BFE and elevating items 
subject to flood damage above the BFE. Flood-proofed structures must comply with appropriate 
sections of the NFlP regulation 60.3. 

All new construction and substantial improvements shall be constructed with electrical, HVAC, 
plumbing, and other service facilities that are designed and/or located so as to prevent water 
from entering or accumulating within the components during conditions of flooding. Mechanical 
and electrical equipment must be installed at or above the BFE as a minimum. Septic tanks 
within a SHFA must be above the BFE. All other below ground tanks must be anchored against 
flotation. Above ground tanks are considered structures for floodplain management purposes. 

The community must require new and replacement water supply systems within floodprone 
areas to be designed to minimize or eliminate infiltration of floodwaters into the systems. The 
location and design of on-site waste disposal systems should be reviewed in order to prevent 
possible operational failure and potential contamination to the environment during flooding. The 
system should be protected from flood damage such that it can resume operation after the flood 
recedes. Manholes should be raised above the 100-year flood level or equipped with seals to 

‘ All new construction and substantial improvements of residential structures located within Zones A1-30, 
AE, and AH shall have the lowest floor, including the basement, elevated at or above the Base Flood 
Elevation. 
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prevent leakage. Pump stations should be located to allow access during a flood and designed 
to not release contamination. Automatic backflow valves should be installed to prevent sewage 
from backing up into buildings during a flood event. 

Under no circumstances can filling or other construction activity be allowed within a floodway 
that may cause any rise in the water surface elevation above the designated floodway elevation. 

An “Elevation Certificate” (FEMA Form 81-31) must be completed for each structure constructed 
in the SFHA prior to the electrical clearance and final acceptance for that structure. One copy of 
the “Elevation Certificate” is to be submitted to the General Building Safety Inspector on site and 
one copy is to be submitted to the community Floodplain Administrator. See Federal Code for a 
complete list of requirements. 

4.3.8 Floodplain Requirements for Alluvial Fans 

In addition to or in place of the above requirements, the following is required for alluvial fan 
floodplains. The lowest floor of all residential structures in the SFHA must be elevated one (1) 
foot above the highest adjacent grade in accordance with the Code of Federal Regulations 
(CFR) Section 60.3c(7). Non-residential structures may be flood-proofed in lieu of elevation. 
Adequate drainage paths must be provided in accordance with Section 60.3 c(l1) of the CFR. 

4.3.9 Post Construction Review 

After the proposed improvements have been constructed, the owner/developer is required to 
submit as-buiWdocuments of record to FEMA and the community Floodplain Administrator along 
with a request for a letter of map revision or amendment as appropriate. 

4.3.10 Fees 

Fees will be assessed by FEMA for it‘s review of proposed and “as-built” projects as outlined in 
NFIP regulations 44 CFR Ch. 1, Part 72. In addition, Maricopa County levies a fee to help 
defray its cost for administering floodplain management in conformance with the NFIP. 

4.3.1 1 Additional Information 

FEMA publishes numerous documents to inform those within or adjacent to a SFHA. Those 
documentscan be located using FEMA’s contact address at the end of this section. The most 
recent version of the following documents are very useful to consult if a property is determined 
to be within a SFHA: 

1 . ”National Flood Insurance Program (Regulations for Floodplain Management and Flood 
Hazard Identification)”, Federal Emergency, Management Agency, 44 CFR, Part 1 most 
current revision. 

2. “Guidelines and Specifications for Flood Hazard Mapping Partners, Federal Emergency 
Management Agency, February 2002. 
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3. “Technical Bulletin 2-93, Flood-Resistant Materials Requirements for Buildings Located in 
Special Flood Hazard Areas in accordance with National Flood Insurance Program”, 
Federal Emergency Management Agency, April, 1993. 

“Technical Bulletin 3-93, Non-Residential Flood Proofing Requirements and Certification 
for Buildings Located in Special Flood Hazard Areas in Accordance with the National 
Flood Insurance Program”, Federal Emergency Management Agency, April, 1993. 

4. 

5 .  “Technical Bulletin 10-01, Ensuring That Structures Built on Fill In or Near Special Flood 
Hazard Areas Are Reasonably Safe From Flooding in Accordance with the National Flood 
Insurance Program”, Federal Emergency Management Agency, May, 2001. 

Other publications about the NFlP can be found online at: 

httD://www.fema.aov/business/nfio/libfacts.shtm. 

4.3.12 State of Arizona 

The State of Arizona has set minimum floodplain management requirements for both areas that 
are not studied and areas identified by FEMA as a SFHA. The Arizona Department of Water 
Resources (ADWR) is responsible for floodplain management statewide and for administering 
the NFIP at the state level. ADWR has developed a series of State Standards to aid in 
floodplain management for the FEMA and non-FEMA studied areas of the state. Each State 
Standard has a companion document called the State Standard Attachment (SSA). The SSA is 
the technical document that provides the methodology and examples of how to apply the 
standard. 

The following is a list of State Standards (SS) currently available from ADWR. It is the 
responsibility of each person to ensure that they have the most current version or new State 
Standard available. ADWR does update existing State Standards periodically and is developing 
new State Standards where a need exists. These standards are available online at: 
httd/www.azwater.aov/dwr/Content/Find bv Proaram/Dam Safetv and Flood Mitiaationldefa 
ult. htm. 

SS 1-97 - Requirement for Flood Study Technical Documentation 

SS 2-96 - Requirement for Floodplain and Floodway Delineation in Riverine Environments 

SS 3-94 - State Standard for Supercritical Flow 

SS 4-95 - State Standard for Identification of and Development within Sheet Flow Areas 

SS 5-96 - State Standard for Watercourse System Sediment Balance 

SS 6-96 - State Standard for Development of Individual Residential Lots within Floodprone 
Areas 

SS 7-98 - State Standard for Watercourse Bank Stabilization 
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SS 8-99 - State Standard for RetentionjDetention 

SS 9-02 - State Standard for Floodplain Hydraulic Modeling 

In addition, ADWR provides training documents in the appropriate use of the State Standards. 
The Floodplain lssues in Transportation Design training document is very appropriate for use in 
conjunction with this manual. It can be found on the same web page as the State Standards 
listed above. 

4.3.13 Contact Information 

Flood Control District of Maricopa County 
2801 West Durango Street 
Phoenix, AZ 85009 

web site: www.fcd.maricoDa.aov 
(602) 506-1501 

State of Arizona 
Department of Water Resources 
Flood Mitigation Section 
3550 N. Central Avenue 
Phoenix, AZ 85012 

web site: www . azwater. aovldwr 
(602) 771-8500 

Department of Homeland Security 
Emergency Response and Recovery 
Directorate 
Federal Emergency Management Agency 
National Flood Insurance Program 
Region IX 
Federal Insurance and Mitigation Division 
11 11 Broadway, Suite 1200 
Oakland, CA 94607-4052 

web site: www.fema.aov 
(51 0) 627-7260 

4.4 SECTION 404 PERMIT FOR WATERS OF THE UNITED STATES 

The U.S. Army Corps of Engineers (USACE) has been involved in regulating certain activities in 
the nation’s waterways since the 1890’s (Section 10 of the River and Harbors Act of 1899). 
Until 1968, the primary thrust of the USACE regulatory program was the protection of 
navigation. As a result of the environmental movement in the 1960’s, several new 
environmental laws and judicial decisions (Clean Water Act of 1968; Marine Protection, 
Research, and Sanctuaries Act of 1972), the program evolved to water resource protection 
which focused on the environmental (archeological, biological and the ecological) aspects of 
both arid and aquatic environments. The program includes one that considers the full public 
interest by balancing the favorable impacts against the detrimental impacts. Therefore, Section 
404 of the Clean Water Act insures that the physical, biological, and chemical quality of our 
nation’s water is protected from irresponsible and unregulated discharges of dredged or fill 
material that could permanently alter or destroy these valuable resources. 

Section 404 of the Clean Water Act regulates the discharge of dredge and fill activities in waters 
of the US. Any person, firm, or agency (including federal, state, and local government 
agencies) planning to work in or place dredged or fill material in Waters of the United States, 
must first obtain a permit from the USACE. The regulatory area is designated “Waters of the 
United States” or “jurisdictional waters”. Waters of the United States includes essentially all 
surface waters such as all navigable waters and their tributaries, all interstate waters and their 
tributaries, all wetlands adjacent to these waters, and all impoundments of these waters. In 
Maricopa County, ephemeral streams (washes) may be jurisdictional if they exhibit certain 
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characteristics, such as the width of the wash, presence of hydraulic sorting, and the presence 
of riparian habitat. The regulations governing Waters of the United States (including wetlands) 
apply to both public and private property. 

Determination of the presence and extent (if present) of jurisdictional waters should be 
undertaken during the early stages of project planning. A jurisdictional delineation establishes 
the USACE regulatory area. It is highly recommended that the inexperienced seek guidance 
from the USACE or other environmental professionals. 

4.4.1 Permits 

Physical work in a watercourse or wetland may require a USACE permit. The program provides 
for the consideration of all concerns of the public, such as environmental, social, and economic 
aspects, in the USACE 404 permit decision-making process. As part of this responsibility, the 
USACE Section 404 permit program extends its jurisdiction to areas that were not regulated 
prior to the Clean Water Act. 

Capital improvement projects undertaken on behalf of and paid for by Maricopa County must 
coordinate their efforts with their client department2 and/or the District prior to contacting the 
USACE. Joint ventures between the District or Maricopa County and private entities must 
coordinate with the appropriate division prior to any inquiries or submittals to the USACE. 
Should a permit be required, there are several options depending on the type of land 
disturbance activity. 

4.4.1.1 Individual Permits 
Individual permits are issued following a full public interest review of an individual application for 
a USACE permit. A public notice is distributed primarily to adjacent property owners and all 
known interested persons. After evaluating all comments and information received, final 
decision on the application is made. 

The permit decision is generally based on the outcome of a public interest balancing process 
where the environmental benefits of the project are balanced against the detriments. A permit 
will be granted unless the project is not found to be the least environmental damaging and 
practicable alternative, exhibiting avoidance and minimization of impacts to the natural 
resources. Public interest, economics, engineering and other factors can also play a part in the 
final decision. 

An individual permit also requires a 401 Water Quality Certification from ADEQ. Application 
forms for individual permits are available from all USACE regulatory offices and ADEQ. 

Consultants should contact their client department to determine the best means of communication. 

4-12 January 1 1,2007 



Maricopa County Drainage Policies and Standards Federal and State Regulations 

4.4.1.2 Nationwide Permits 
A nationwide permit (NWP) is a form of general permit that authorizes a category of specific 
activities that exhibit minimal impact to the environment. These permits are valid only if the 
conditions applicable to the permits are met. If the conditions cannot be met, a regional or 
individual permit may be required. Please note that the NWP program is proposed to be revised 
on March 19, 2007, by notice dated January 15, 2002 (see FR Vol. 67, No. IO, January 15, 
2002 and www.usace.armv.mil/inet/functions/cw/cecwo/rea/). Nationwide permits listed below 
may be modified to accommodate regional conditions. Contact the USACE office provided at 
the end of this section to obtain the most current information on the NWP program changes. 
The reader should contact the USACE for a complete listing, permit details, and regional 
limitations placed upon nationwide permits. Some activities under nationwide permits require 
preconstruction notification submittals to the USACE prior to the carrying out of those activities. 
Notification requirements are described in General Condition 13, 65 FR 52 1281 8-1 2899. All 
nationwide permits must comply with the requirements of the particular nationwide permit, and 
meet the general conditions (27) required for each one, the 401 conditions (for water quality), 
and, if adopted, the Los Angeles District regional conditions. A list of the more pertinent, 
presently available, nationwide permits follows. 

NWP 3: Maintenance. The repair, rehabilitation, or replacement of any previously authorized, 
currently serviceable, structure or fill, or of any currently serviceable structure or fill authorized 
by 33 CFR 330.3. Discharges of dredged or fill material, including excavation, into all Waters of 
the United States to remove accumulated sediments and debris in the vicinity of, and within, 
existing structures and the placement of new or additional rip rap to protect the structure. 

NWP 6: Survey Activities. Survey activities including core sampling, seismic exploratory 
operations, plugging of seismic shot holes and other exploratory-type bore holes, soil survey 
and sampling, and historic resources surveys. 

NWP 7: Outfall Structures. Activities related to construction of outfall structures and 
associated intake structures where the effluent from the outfall is authorized, conditionally 
authorized, or specifically exempted, or are otherwise in compliance with regulations issued 
under the National Pollutant Discharge Elimination System program (NPDES) (Section 402 of 
the Clean Water Act). 

NWP 12: Utility Lines. The construction, maintenance, or repair of utility lines, including outfall 
and intake structures and the associated excavation, backfill, or bedding for the utility lines, in all 
Waters of the United States, provided there is no change in preconstruction contours. 

NWP 14: Linear Transportation Crossings. Activities required for the construction, 
expansion, modification, or improvement of linear transportation crossings (e.g., highways, 
railways, trail, and airport runways and taxiways) in waters of the United State subject to 
acreage limitations. 

NWP 18: Minor Discharges. Minor discharges of dredged or fill material into all Waters of the 
United States subject to volume or acreage limitations. 
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NWP 20: Oil Spill Cleanup. Activities required for the containment and cleanup of oil and 
hazardous substances which are subject to the National Oil and Hazardous Substances 
Pollution Contingency Plan (40 CFR Part 300) in accordance with certain state and federal 
req u i remen ts. 

NWP 25: Structural Discharges. Discharges of material such as concrete, sand, rock, etc. 
into tightly sealed forms or cells where the material will be used as a structural member for 
standard pile supported structures, such as bridges, transmission line footings, and walkways. 

NWP 29: Single-Family Housing. Discharges of dredged or fill material into non-tidal Waters 
of the United States, including non-tidal wetlands for the construction or expansion of a single- 
family home and attendant features (such as a garage, driveway, storage shed, and/or septic 
field) for an individual permittee. 

NWP 31: Maintenance of Existing Flood Control Facilities. Discharges of dredged or fill 
material for the maintenance of existing flood control facilities, including debris basins, 
stormwater storage basins, and channels. The maintenance is limited to that approved in a 
maintenance baseline determination made by the District Engineer. 

NWP 38: Cleanup of Hazardous and Toxic Waste. Specific activities required to effect the 
containment, stabilization, or removal of hazardous or toxic waste materials that are performed, 
ordered, or sponsored by a government agency. 

NWP 39: Residential, Commercial, and Institutional Developments. Discharges of dredged or 
fill material into non-tidal Waters of the United States for the construction or expansion of 
residential, commercial, and institutional building foundations and building pads and attendant 
features that are necessary for the use and maintenance of the structures. 

NWP 40: Agricultural Activities. Discharges of dredged or fill material into non-tidal Waters of 
the United States for the purpose of improving agricultural production and the construction of 
building pads for farm buildings. Authorized activities include the installation, placement, or 
construction of drainage tiles, ditches, or levees; mechanized land clearing; land leveling; the 
relocation of existing serviceable drainage ditches constructed in Waters of the United States; 
and similar activities. 

NWP 41: Reshaping Existing Drainage Ditches. Discharges of dredged or fill material into 
non-tidal Waters of the United States to modify the cross-sectional configuration of currently 
serviceable drainage ditches constructed in these waters. The reshaping of the ditch cannot 
increase drainage capacity beyond the original design capacity or expand the area drained by 
the ditch as originally designed (Le., the capacity of the ditch must be the same as originally 
designed and it cannot drain additional wetlands or other Waters of the United States). 

NWP 42: Recreational Facilities. Discharges of dredged or fill material into non-tidal Waters 
of the United States, excluding non-tidal wetlands adjacent to tidal waters, for the construction 
or expansion of recreational facilities. 
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NWP 43: Stormwater Management. Discharges of dredged or fill material into non-tidal 
Waters of the United States for the construction and maintenance of stormwater management 
facilities, including activities for the excavation of stormwater ponds/facilities, detention basins, 
and retention basins; the installation and maintenance of water control structures, outfall 
structures and emergency spillways; and the maintenance dredging of existing stormwater 
management ponds/facilities and detention and retention basins. 

NWP 44: Mining Activities. Discharges of dredged or fill material into: (i) Isolated waters, 
streams where the annual average flow is 1 cubic foot per second or less, and non-tidal 
wetlands adjacent to headwater streams, for aggregate mining and other mining activities 
subject to certain limitations. 

To apply for a nationwide permit, an application must be completed. USACE application forms 
for the permits are available from the local USACE regulatory offices (see contact information 
below). 

4.4.1.3 Regional Permits 
Regional permits are issued by the USACE District Engineer for a general category of activities 
when: 

1. the activities are similar in nature and cause minimal environmental impact (both 

2. the regional permit reduces duplication of regulatory control by State and Federal 

individually and cumulatively), and 

agencies. 

Contact the USACE District Regulatory office in your area for information regarding regional 
permits. 

4.4.2 Contact Information 

US. Army Corps of Engineers 
Los Angeles District, Regulatory Branch 
3636 North Central Avenue, Suite 900 
Phoenix, AZ 85012-1936 (602) 640-5385 
web site: htttx//www.sd.usace.armv.mil 

Arizona Department of Environmental Quality 
Water Quality, Section 401 

11 10 W. Washington Street 
Phoenix, AZ 85007 (602) 771 -4502 

Flood Control District of Maricopa County 
Planning and Project Management Division 
2801 W. Durango Street 
Phoenix, AZ 85009 (602) 506-1 501 
web site: htto:/lwww.fcd.maricoDa.aov 

4.5 STORMWATER NPDEWAZPDES 

Stormwater systems are subject to the requirements and permitting process of the National 
Pollutant Discharge Elimination System (NPDES), which is a U.S. Environmental Protection 
Agency (EPA) program and is the administrative mechanism chosen for stormwater permitting. 
The EPA issued regulations in I990 authorizing the creation of a NPDES permitting system for 
stormwater discharges from a large group of industrial activities (including construction 
activities) and for discharges from municipal separate storm sewer systems located in 
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municipalities with a population of 100,000 or more. In 1999, Phase II of the stormwater 
program added small municipal separate storm sewer systems from any other municipalities 
located wholly or partially in urbanized areas if they were not already covered by Phase I of the 
stormwater program. In addition, construction sites that disturb one acre but less than five 
acres were also added. In Arizona, the NPDES program is called AZPDES, which stands for 
Arizona Pollutant Discharge Elimination System. An AZPDES permit is required for any point 
source discharge of pollutants to a water of the United States. Because stormwater runoff can 
transport pollutants to either municipal storm sewer systems or to Waters of the United States, 
permits are required for those discharges. In addition to stormwater permits, there are also 
NPDESAZPDES permits required for the discharge of processed wastewater and the land 
application of sludge. The application process for both general permits is similar. 

4.5.1 Permits 

Most stormwater discharges are permitted under various general permits. However, an 
individual permit is required when the general permit requirements do not accurately represent 
the activity at a facility/municipality and a permit is customized to the site/for the permittee. 

An individual permit may be necessary if the Limitations of Coverage section of a general permit 
does not allow the facility’s discharge to be covered within the general permit. It is the 
responsibility of every applicant to determine if any of the Limitations of Coverage apply to the 
facility seeking a general permit. 

4.5.1.1 Construction Activities 
Stormwater discharges generated during construction activities can cause an array of physical, 
chemical and biological water quality impacts. Specifically, the biological, chemical and physical 
integrity of the waters may become severely compromised. Water quality impairment results, in 
part, because a number of pollutants are preferentially absorbed onto mineral or organic 
particles found in fine sediment. The interconnected process of erosion (detachment of the soil 
particles), sediment transport and delivery is the primary pathway for introducing key pollutants 
such as nutrients (particularly phosphorus), metals, and organic compounds into aquatic 
systems. 

Stormwater runoff from construction sites can include pollutants other than sediment such as 
phosphorous and nitrogen, pesticides, petroleum derivatives, construction chemicals and solid 
wastes that may become mobilized when land surfaces are disturbed. Generally, properly 
implemented and enforced construction site ordinances effectively reduce these pollutants. In 
many areas, however, the effectiveness of ordinances in reducing pollutants is limited due to 
inadequate enforcement or incomplete compliance with local ordinances by construction site 
operators. 

Construction General Permit Coverage 

This general permit authorizes discharges of stormwater associated with construction activity 
provided the operator complies with all the requirements of the general permit and submits a 
Notice of Intent (NOI) in accordance with the general permit. 
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Stormwater associated with large construction activity refers to the disturbance of five or more 
acres, as well as the disturbance of less than 5 acres of total land area that is a part of a larger 
common plan of development or sale if the larger common plan will ultimately disturb five acres 
or more (40 CFR 122.26(b)(14)(x)). 

Stormwater associated with small construction activity, as defined in 40 CFR 122.26(b)(I 5), 
refers to the disturbance of equal to or greater than 1 and less than 5 acres of land for 
construction, or the disturbance of less than 1 acre of total land area that is part of a larger 
common plan of development or sale if the larger common plan will ultimately disturb equal to or 
greater than 1 and less than five acres. 

Permit Waivers. There are two waivers available for small construction activities. The first is 
where the construction site operator has determined that the rainfall erosivity factor (R) in the 
revised universal soil loss equation (RUSLE) is less than 5. The second waiver is available 
where the operator certifies that stormwater controls are not needed based upon a total 
maximum daily load (TMDL). Currently Arizona TMDL's do not address this issue, but the 
permit includes the TMDL waiver as a potential future option. 

How to Obtain Coverage. The operator of a construction site is responsible for obtaining 
coverage under an AZPDES permit. The operator could be the owner, the developer, the 
general contractor or individual contractor. When responsibility for operational control is shared, 
all operators must apply. Thus, a single construction site may have a number of operators who 
may operate under a common or separate Storm Water Pollution Prevention Plan (SWPPP). 

Submit a NO1 to the Stormwater Coordinator, Arizona Department of Environmental Quality, 
1110 West Washington Street, Phoenix, Arizona 85007. This form must be complete and 
accurate and signed by the appropriate party in order for you to obtain coverage. The form also 
serves as a promise by the operator that there will be compliance with the permit conditions. 
ADEQ now offers a web-based service to assist individuals in applying for construction 
stormwater discharge permits. This site may be located at: htto://az.aov/webaoo/noi/main.do. 

The operator must also develop and implement a SWPPP that satisfies the conditions of the 
permit. If your site is located within 114 mile of unique or impaired water, the SWPPP must be 
submitted with your NOI. In all other cases, do not submit the SWPPP to ADEQ, however the 
SWPPP must be available for ADEQ review. Once the SWPPP is prepared and a complete and 
accurate NO1 is received by ADEQ, the operator must wait at least 2 business days before 
discharging. If ADEQ does not contact the operator within the waiting period, the operator may 
assume permit coverage has been granted. Whether or not ADEQ notifies the operator of a 
deficiency in the NOI, discharges are not authorized under this permit if the operator submits an 
incomplete or incorrect NOI. The SWPPP can be requested by any agency (including Maricopa 
County) and should remain available for review at the project site. For a more detailed 
description of unique or impaired waters, please see ADEQ's website at: 

http://www.adea.state.az.us/environ/water/Dermits/stormwater. html. 
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Notice of Termination. After the construction project is complete and the project‘s disturbed 
area is stabilized to at least 70 percent of natural background levels or responsibility for the 
project has been assumed by another operator, the permittee must submit a Notice of 
Termination (NOT) to end participation in the AZPDES stormwater program. 

ADEQ‘s Construction General Permit 

ADEQ’s New General Permit for Construction (AZG2003-001) was issued on Feb. 28, 2003. 
This permit replaces the previous construction general permit, which was issued for a five-year 
term by EPA Region 9 in February 1998 (63 FR 7858) and July 1998 (63 FR 36490). The 
AZPDES Construction General Permit expires on Feb. 28, 2008. 

The construction general permit authorizes stormwater discharges from large and small 
construction-related activities that result in a total land disturbance of equal to or greater than 1 
acre, where those discharges enter surface waters of the United States or a storm drain. Note 
the AZPDES authorizing statute uses the term “navigable waters” which are defined as 
equivalent to the waters of the United States. However, because the term “navigable waters” 
can be confusing to the general public (Le., the definition of “navigable waters” also includes 
ephemeral washes, intermittent streams, playas, and wetlands, that may not be able to be 
traveled by conventional vessels), this permit generally references discharges to Waters of the 
United States. This permit expands coverage from the 1998 construction general permit that 
provided coverage for large construction sites (i.e., those disturbing greater than 5 acres) to 
include both small and large construction activities (Le., any project disturbing greater than 1 
acre). 

Permit Area. This general permit covers stormwater discharges from large and small 
construction activity in Arizona, except for those construction discharges in Indian Community 
Lands. 

4.5.2 Industrial Activities 

Activities that take place at industrial facilities, such as material handling and storage, are often 
exposed to stormwater. The runoff from these activities discharge industrial pollutants into 
nearby storm sewer systems and water bodies. This may adversely impact water quality. The 
initial focus of the NPDES permitting program was to regulate discharges of industrial process 
wastewater and municipal wastewater treatment plants. Most industrial facilities have permit 
coverage under a general permit because it is the most efficient permit option. General permits 
contain requirements for numerous types of industrial activities, allowing a facility operator to 
quickly obtain permit coverage. The Multi-Sector General Permit is the general permit currently 
available to facility operators. SPECIAL NOTE: At the time ofpublicafion of this documenf, if is 
unclear as fo whether if will be ADEQ’s MSGP or EPA’s MSGP fhaf will be available for 
coverage in Arizona due fo an impen ding legal challenge. 

’ 
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Multi-Sector General Permit (MSGP) 

The state currently recognizes the MSGP established by EPA, which became effective on 
October 30, 2000. This permit expired on October 30, 2005; however, it will remain in effect 
until a new one is issued by EPA. 

The multi-sector general permit (MSGP) is designed for discharges of stormwater from certain 
industrial sites that are of a non-construction nature. The MSGP is one large permit divided into 
numerous separate sectors. Each sector represents a different type of activity and is dependent 
upon its standard industrial classification (SIC) code or narrative description. Review the 
information on Facilities Required to Apply for a Stormwater Permit (40 CFR 122.26(b)(14)) for 
applicable SIC codes and descriptions. Once a SIC code or narrative description is determined, 
review the document "What's My Sector?" at the following web link to determine which sector of 
the MSGP contains the specific permit requirements for a facility. Once the necessity for a 
permit is determined, a facility will be subject to the requirements of more than one sector if it 
has operations that can be described by other sectors. 

Application for this general permit is achieved by the completion of a simple one-page form 
called a notice of intent (NOI). The NO1 is a promise by the applicant that there will be 
compliance with the permit conditions. However, before the NO1 is submitted, a SWPPP must 
be prepared. The MSGP details the requirements EPA considers necessary for each sector to 
produce an acceptable SWPPP. There is no requirement to submit the SWPPP to ADEQ, but 
ADEQ, EPA or Maricopa County can request that the SWPPP be available for review. Once the 
SWPPP is prepared and the NO1 submitted, there is a waiting period of two days. If ADEQ 
does not contact the applicant within the waiting period, the applicant may assume permit 
coverage has been granted. After the two-day waiting period the permittee may implement the 
SWPPP and begin activities. ADEQ will confirm permit coverage with the permittee by a letter 
containing the discharge authorization number. If the NO1 is submitted with missing, 
nonconforming or incorrect information, ADEQ will inform the applicant of the inadequacies and 
request additional information. Permit authorization to discharge stormwater is only possible 
after the submittal of a complete and accurate NOI. The permittee submits a notice of 
termination to end participation in the NPDES stormwater program. Failure to develop specific 
Best Management Practices (BMPs) or to implement these BMPs identified in the SWPPP may 
subject the Permittee(s) to fines of up to $25,000 per day per violation. 

Permit information and forms may be obtained from the agencies provided in Section 4.5.4. 

4.5.3 Other Permits 

For information on other permits available through ADEQ, check out ADEQ's website at: 
htto://www.azdea.aov/environ/water/oermits/azDdes.html. The following is ADEQ's summary of 
the DeMinimus Discharge Permit and the Concentrated Animal Feeding Operations program. 
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4.5.3.1 DeMinimus Discharge Permit 
ADEQ issued the first AZPDES De Minimus General Permit (DGP) No. AZG2004-001 on 
March 7, 2004. The permit allows for the discharge of pollutants associated with potable and 
reclaimed water systems, subterranean dewatering, well development, aquifer testing, 
hydrostatic testing of specific pipelines, residential cooling water, charitable car washes, building 
and street washing, and de-chlorinated swimming pool water. The permit also allows ADEQ to 
review and approve other case-by-case short-term and/or low volume, discharges that are 
considered De Minimus. By definition (DGP, Part VII), De Minimus discharges contain relatively 
low levels of pollutants, are of limited flow and/or frequency, and shall not last for more than 30 
days unless approved in advance by ADEQ. 

The DGP authorizes discharges where they have potential to enter a water of the U.S. Note: the 
AZPDES authorizing statute uses the term "navigable waters," which is defined as equivalent to 
the waters of the U.S. However, because the term 'navigable waters' can be confusing to the 
general public (i.e., the definition of 'navigable waters' also includes ephemeral washes, 
intermittent streams, playas, and wetlands, that may not be able to be traveled by conventional 
vessels), this permit references discharges to waters of the U.S. 

Authorization under this permit will require the owner or operator of the discharge facility to 
implement various BMPs and conduct discharge monitoring based on the type of discharge 
activity and the type of receiving water. For further information on this permitting program, visit 
ADEQ's website at: 

htto://www.azdea.aov/environ/water/oermits/aen. html#demi. 

4.5.3.2 Concentrated Animal Feed Operations 
ADEQ revised the AZPDES program rules (18 A.A.C. 9, Article 9) to conform with the updated 
federal regulations for Concentrated Animal Feeding Operations (CAFOs). The rule revisions 
became effective on Feb. 2, 2004. Under the new rule all CAFOs are required to apply for a 
permit, submit an annual report and develop and follow a plan for handling manure and 
wastewater. In addition, the rule moves efforts to protect the environment forward by placing 
controls on land application of manure and wastewater, covering all major animal agriculture 
sectors, and increasing public access to information through CAFO annual reports. The rule 
also eliminates current permitting exemptions and expands coverage over types of animals in 
three important ways: the rule eliminates the exemption that excuses CAFOs from applying for 
permits if they only discharge during large storms; second, the rule eliminates the exemption for 
operations that raise chickens with dry manure handling systems; and third, the rule extends 
coverage to immature swine and immature dairy cows. ADEQ issued the AZG2004-002 
general permit on April 16, 2004. For further information on this permitting program, visit 
ADEQ's website at: httr,://w.azdea.aov/environ/water/oermits/cafo. html. 

Application or approval of any permit from ADEQ does not grant approval for any other permits 
required by other federal, state, or local entities including the Flood Control District of Maricopa 
County (Le. the granting of a DeMinimus Discharge permit does not give anyone the right to 
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discharge into a District structure without the District's prior approvaVpermit. A District right of 
way permit is still required). 

4.5.4 Contact Information 

Arizona Department of Environmental Quality 
11 10 W. Washington Street 
Phoenix, AZ 85007 
(602) 771 -4449 
web site: htttxl/w.azdea.aov 

Maricopa County Environmental Services Dept. 
1001 N. Central Avenue, Suite 150 
Phoenix, AZ 85004 

web site: htttxllwww.maricoDa.aov1envsvcl 

Flood Control District of Maricopa County 
Engineering Division 
Water Quality Branch 
2801 W. Durango Street 
Phoenix, AZ 85009 

web site: htttx/lw.fcd.maricoc)a.aov 
(602) 506-1 501 

(602) 506-6666 

4.6 DAMS 

All dams in the state, except those owned or operated by an agency or instrumentality of the 
federal government, are under the jurisdiction of the Arizona Department of Water Resources 
(ADWR). A dam is any artificial barrier that impounds or diverts water above the natural ground 
surface. A detention basin or retention basin that impounds stormwater above the natural 
ground surface may be considered as being a dam under the authority of ADWR. The following 
do not fall under the authority of ADWR. 

Any artificial barrier: 

1. Less than 6 feet in height, regardless of storage capacity. 

2. Fifteen acre-feet or less of storage capacity, regardless of height. 

3. Between 6 and 25 feet in height, with a storage capacity less than 50 acre-feet. 

Any impoundment or diversion structure that exceeds the criteria above will require a permit 
from ADWR. Individuals having questions should contact the Dam Safety Section of ADWR. 

A JURISDICTIONAL DAM is either 25 or more feet in height or has capacity to store more than 
50 acre-feet. HEIGHT is the vertical distance from the lowest point on the downstream toe (at 
natural ground) to the emergency spillway crest. CAPACITY is the maximum storage that can 
be impounded when there is no discharge of water. 
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Figure 4.3 ADWR Jurisdictional Dam Chart 
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4.6.2 Permits 

A permit is required for all new dams or the repair, alteration or removal of an existing dam. 
Application forms are available from ADWR. An administrative review fee is required by ADWR. 

4.6.3 Contact Information 

State of Arizona 
Department of Water Resources 
Dam Safety Section 
3550 N. Central Avenue 
Phoenix, AZ 85004 

web site: httr,://w.azwater.aow/dwr 
(602) 771 -8500 

4.7 DRWELL REGISTRATION 

A person who owns an existing drywell that is or has been used for stormwater disposal shall 
register the drywell with the Arizona Department of Environmental Quality (ADEQ). A drywell is 
a bored, drilled, or driven shaft or hole whose depth is greater than its width and is designed 
and constructed specifically for the disposal of stormwater. Drywells must be registered by 
completing a form from ADEQ, and submitting a registration fee for each drywell. 

4-22 January 11,2007 



Maricopa County Drainage Policies and Standards Federal and State Regulations 

4.7.1 Permits 

Drywells are regulated by Arizona Revised Statute (A.R.S.) 9 49-241 and 9 49-331 through 336, 
and Aquifer Protection Permit statutes and rules. Drywells that drain areas where hazardous 
substances are used, stored, loaded, or treated are subject to the General Permit or full Aquifer 
Protection Permit (see Section 4.8). Specific rules regarding dry wells are found in R-I 8-9-1 02- 
A and R18-9-A301. Program guidance documents are available from ADEQ, and should be 
followed for dry well construction, maintenance, siting, investigation, decommissioning, and 
closure. Registration is generally not required for dry wells used in conjunction with golf course 
maintenance, and they are exempted from regulation under the dry well program. However, 
vadose zone injection wells (including dry wells) that receive stormwater mixed with reclaimed 
wastewater or groundwater from manmade bodies of water associated with golf courses, parks, 
and residential areas must be registered. In this situation, a general permit is issued by statute 
in lieu of an individual permit, provided that six criteria, including registration, are met (A.R.S. 9 
49 - 245.02). 

Dry well registration and permit information and forms may be obtained from ADEQ at the 
location provided below. 

4.7.2 Contact Information 

Arizona Department of Environmental Quality 
11 10 W. Washington Street 
Phoenix, AZ 85007 

web site: htttx//w.azdea.aov 
(602) 771-2300 

4.8 AQUIFER PROTECTION PERMIT 

An individual will need to obtain an Aquifer Protection Permit (APP) if they own or operate a dry 
well that discharges a pollutant either directly to an aquifer or to the land surface or the vadose 
zone in such a manner that there is a reasonable probability that a pollutant will reach an 
aquifer. ADEQ may provide an "APP Determination of Applicability Form" for dry wells in areas 
where hazardous substances are used, stored, loaded, or treated. Dry wells that are used 
solely for the disposal of stormwater runoff do not require an Aquifer Protection Permit; 
however, dry well registration is still a requirement. 

4.8.1 Permits 

The following APP Permits are available: 

4.8.1.1 Individu a1 Permits 
Individual permits are issued for a term not to exceed the operational lifetime of the facility. 
Approval of individual permits can take, on average, from 6 months to 2 + years. Processing 
time is approximately 6 months; however, incomplete applications often result in delays. 
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4.8.1.2 Area-Wide Permits 
Area-wide permits may be issued in lieu of an individual permit to cover facilities under common 
ownership in a contiguous geographic area. Discharge reduction in the pollutant management 
area and the demonstration that aquifer water quality standards will not be violated or further 
degraded can be evaluated collectively for existing facilities. This type of permit is most 
applicable to large mining and industrial sites. 

4.8.1.3 General Permits 
There are currently 15 different types of general permits. These are issued by rule or statute, 
and the facility is automatically permitted, provided that certain conditions are adhered to. A 
separate permit document is not required to operate under these conditions and no fee is 
required. 

Information regarding APP's is available from ADEQ at the location provided below. 

4.8.2 Contact Information 

Arizona Department of Environmental Quality 
11 10 W. Washington Street 
Phoenix, AZ 85007 

web site: I.7tttx//w.azdea.aov 
602) 771-2300 
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5 COUNTY REGULATIONS 
5.1 INTRODUCTION 

In addition to the Federal and state regulations discussed in Chapter 4, engineers responsible 
for drainage design must conform to Maricopa County and other local regulations that may 
affect their project including local acts, codes, laws, regulations, ordinances, standards and 
policies. Sections 5.2 through 5.5 list the County/District regulations that apply, and contain 
hyperlinks to the sites on the Internet where each document can be obtained. The 
DistrictKounty stormwater management program, which is in the development process, is 
discussed in Section 5.6. The following are the Maricopa County agencies that may be 
contacted to obtain assistance with application of these regulations. 

General information Maricopa County Department of Transportation 
(602) 506-8600 
web site: httD://www.mcdot.maricoDa.aov Maricopa County Environmental Services 

Department 

web site: htttx//w.maricoDa.aov/envsvc 
(602) 506-6666 Maricopa County Planning and Development 

web site: httD://www.maricopa.aov 
(602) 506-3301 

Floodplain information 
Historic & Prehistoric Sites 

Flood Control District of Maricopa County 

web site: http://w.fcd.maricoDa.aov 
(602) 506-1 501 Maricopa County Historic Preservation Office 

(602) 261-8699 

5.2 DRAINAGE REGULATION FOR MARICOPA COUNTY 

The Maricopa County drainage regulations can be found at: Drainaae Reaulation for MaricoDa 
Countv. 

5.3 FLOODPLAIN REGULATION FOR MARICOPA COUNTY 

The District floodplain regulations can be found at: FloodDlain Reaulation for MaricoDa Countv. 

5.4 MARICOPA COUNTY ZONING ORDINANCE 

The Maricopa County zoning code can be found at: MaricoDa Countv Zonina Ordinance. 
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5.5 MARICOPA COUNTY SUBDIVISION REGULATIONS 

The Maricopa County subdivision regulations can be found at: 
Reaulations. 

5.6 MARICOPA COUNTY STORMWATER MANAGEMENT 

It is the goal of Maricopa County to protect, maintain, and enhance the public health, safety and 
general welfare by establishing requirements and procedures to control the adverse effects of 
stormwater runoff and pollution associated with land development. This manual sets forth the 
policies and standards for management of urban drainage and floodplains. The Maricopa 
County Planning and Development Department administers the approval and permit processes 
established for grading and drainage. The District administers the approval and permit 
processes for floodplain management. 

5.7 Release of Stormwater to Drainage Systems. 

The following is an excerpt from ARS 48-3622: 

A RS 48-3622. Permission required to connect fo sform water drain; fee; violation; classificafion. 

A person desiring to make a connecfion fo any sformwafer drain of a flood control disfricf or to 
cause floodwaters or sform or ofher wafers fo be emptied info any ditch or drain of the districf 
shall firsf apply fo the disfricf for permission to make the connecfion. The districf may require 
fhe connecfion to be made in such manner as if, directs and may impose reasonable conditions 
and such reasonable connecfion fee as it deems proper or, if reasonably jusfified by fhe 
circumsfances, may refuse permission. In addifion, fhe disfricf may require any action or 
impose any resfricfion fhaf fhe disfricf considers reasonably necessary to meet fhe disfrict's 
obligafions, if any, to comply wifh local, stafe or federal wafer qualify laws. A person making a 
connecfion which causes floodwaters to be so discharged wifhouf firsf having obtained 
permission is guilty of a class 2 misdemeanor. 

5.8 Permits 

Maricopa County has permit, requirements for stormwater facilities. 
available for the following. 

Individual permits are 

1. Drainage Facilities Permit 

2. Grading and Drainage Permit 

3. Floodplain Use Permit. 

5.8.1.1 Drainage Facilities Permit 
A Drainage Facilities Permit is required in order to connect and discharge stormwater into the 
County's drainage infrastructure. New storm drain segments or inlets, low-flow bleed-off lines 
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from detention basins, or stormwater discharge pumps are examples of drainage facilities 
requiring a permit. This permit provides a procedure for Maricopa County to track additions to 
the county’s storm drain system. 

5.8.1.2 Grading and Drainage Permit 
A Grading and Drainage Permit is required for development activities that include excavation, 
fill, drainage swales and channels, drainage structures and pipes, detentionhetention areas, and 
dry wells. 

5.8.1.3 Floodplain Use Permit 
A floodplain use permit is required for all new or substantial improvements per the Floodplain 
Regulations for Maricopa County. This permit ensures that development will comply with NFlP 
criteria and State and Federal law and provides proper documentation to assess flood insurance 
rates if needed. 

5.9 Contact Information 

Flood Control District of Maricopa County 
Engineering Division 
Water Quality Branch 
2801 W. Durango Street 
Phoenix, AZ 85009 

web site htttxIIw.fcd.rnaricor3a.aov 
(602) 506-1501 

Maricopa County Environmental Services 
Department 
Stormwater Quality Program 
1001 N. Central Avenue, Suite 150 
Phoenix, AZ 85004 

Web site: 
(602) 506-6666 
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6 DRAINAGE STANDARDS 
6.1 INTRODUCTION 

The Hvdroloay and Hvdraulics volumes provide technical guidance for definition and evaluation 
of flood and erosion hazards, and for design of drainage facilities. This chapter contains the 
minimum standards for applying the technical concepts contained in the DDM for design of 
drainage facilities in Maricopa County. These minimum standards apply in the unincorporated 
areas of Maricopa County and the municipalities for which the District may administer floodplain 
management, and the County may administer drainage management responsibilities. Unless 
otherwise specified, they apply to improvements within subdivisions created under the Maricopa 
County Subdivision Regulations (Section u) and to County/District projects, including 
improvements that will be maintained by County/District or subdivision improvements 
maintained by private entities such as Homeowner's Associations. These minimum standards 
may also apply to other situations, such as improvements made as a part of Minor Land 
Divisions. Since these minimum standards have their base in public safety, the prudent 
developer/engineer should consider their use where appropriate for similar applications. 

It is not intended that these minimum standards be blindly applied in every application. There 
may be strong technical reasons why a particular standard is not appropriate for a given 
situation, or another method may also meet the intent of the Maricopa County Drainage and 
Subdivision Regulations, and/or the District's Floodplain Regulation. In many situations, in the 
interest of public safety, a higher technical standard may be more appropriate. The 
County/District reserves the right to require a higher technical standard in the interest of public 
safety. Also, the County/District may review technical documentation submitted in support of 
using a different minimum standard for a specific application. Administrative approval may be 
granted by County/District If found to be technically appropriate and to maintain an equal or 
higher level of public safety. 

There are many computer programs available to help in the design of drainage systems. These 
programs may use different methods of analysis than those presented in the DDM. Therefore, 
the designer of the drainage system should check with the governing agency before using a 
particular software packages to apply the standards presented herein. 

Drainage infrastructure should normally be designed for a minimum service life of 50-years. A 
longer service life is recommended wherever possible. 

6.2 PUBLIC SAFETY 

Designs for hydraulic structures must address the issue of safety. Since the County/District has 
established the policy that disturbances to natural watercourses shall be minimized (Policv 
a), the design of hydraulic structures must also address the protection of the natural 
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environment. Emergency vehicle access is of particular importance. Minimum design 
standards for All Weather Access streets are intended to help keep such routes drivable during 
major flooding events, such as the 100-year storm. The following minimum standards, and 
other standards in Chapter and Policies in Chapter 3, address these issues: 

Standard 6.2.1 Subsidence and Fissures. The designer should determine if the site is 
subject to long-term subsidence or fissures. This can be researched starting with the Arizona 
Geological Survey at httD://www.azas.az.aov/CLASEFI.htm, and may require geotechnical 
investigations. 

Standard 6.2.2 Protection Related to Depth and Velocity. The designer shall carefully 
consider public safety where standing water depths, and water flow depths and velocities pose 
a hazard. This should be done for design of all drainage facilities, including stormwater storage 
facilities, channels, storm drains and street systems. Fisure 6.1 and Figure 6.2 (USBR 1988) 
can be used in this regard to aid in defining the level of hazard, based on criteria such as the 
type and frequency of use of the facility by the public, access concerns for emergency response 
vehicles, the statistical frequency of hazardous storm events, and risks associated with public 
access combined with the frequency of the hazard. Engineering judgment shall be applied in 
assessing the risks and determining which areas require special attention. With the areas of 
concern defined, the designer should include mitigation measures appropriate to the risk to 
discourage or prevent public access to these facilities during a flood event. The measures 
could include, but are not limited to: 

Mitigating design criteria such as maximum flow rates and depths. 

1. Signage to alert the public to the hazard. 

2. Flood warning alarm or announcement systems. 

3. Physical barriers, such as fencing or railings. 

4. Higher minimum technical standards for design of drainage facilities. 
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Velocity (Ws) 

I 

Figure 6.1 Depth-velocity flood danger relationship for adults 

Velocity (Ws) 

Figure 6.2 Depth-velocity flood danger relationship for children 
I 
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Standard 6.2.3 Channel Drop Structure Height. For all channel drop structures, the 
maximum vertical height from invert crest to invert toe shall be 2.5 feet. Larger drops may_ be 
allowed if access and safety issues are addressed to the satisfaction of the County/District. 
Protection for the effects of scour and erosion shall be provided. Drop structures constructed of 
concrete or pneumatically placed concrete shall have a roughened surface to discourage 
inappropriate recreational use. 

Standard 6.2.4 Emergency Escape Requirements for Lined Channels. All concrete, 
pneumatically placed concrete, or smooth sided soil cement channels with a design flow depth 
greater than 3 feet shall have emergency escape stair-steps formed, alternating every 1,000 
feet from one side of the channel to the other, or other approved alternative. 

Standard 6.2.5 Stormwater Storage Ponds with Permanent Water Body. For stormwater 
storage ponds with a permanent water body in the bottom, the pond edge shall be designed to 
minimize safety hazards. A safety shelf shall be provided with water depth limited to 1.5 feet 
within 8 feet of the edge of the water feature, and gradually get deeper as needed. 

Standard 6.2.6 Amenities within Stormwater Storage and Conveyance Facilities. 
Amenities placed within the inundation area of a stormwater storage facility, or the conveyance 
area of a channel, shall be adequately secured to prevent them from becoming waterborne 
debris. 

Standard 6.2.7 Fencing Requirement. Fencing will be required for all constructed drainage 
basins and channels, located in developed areas, with side-slopes steeper than 4:l or depths 
exceeding three (3) feet, unless provisions are made for safe exit from the facility during 
flooding conditions, appropriate warning signs are posted, and other deterrents to access during 
unsafe conditions are provided. Such provisions require advance approval by the 
County/District and must be sealed by an Arizona registered civil engineer Determining the type 
and height of such fencing shall be based on sound engineering judgment for the intended 
application. Fencing shall not be allowed to block the floodway of an open water course or 
channel. 

Standard 6.2.8 Access Ramps and Access Roads. Drainage facilities must be readily 
accessible by emergency or maintenance vehicles. Access roads shall be required, including 
access to the bottom of channels. Access road ramps will be required for stormwater storage 
facilities and engineered channels with depths greater than 3 feet, or engineered channels with 
a bottom width of 10 feet or greater. A minimum of one (1) access ramp will be required for 
each reach of channel, defined by vertical drops or obstructions such as street culvert 
crossings. Ramped access roads are not necessary for stormwater storage facilities and 
engineered channels 3 feet deep or shallower with 6: l  side slopes or flatter along at least one 
side of the storage facility or channel that would allow maintenance and emergency vehicle 
access. Access for maintenance is required for all other engineered channels including swales, 
drainage ditches, etc. Access ramps shall be a minimum of 16 feet wide compacted with a 
longitudinal slope no steeper than 10%. Access vehicular travel lanes shall be at least 12 feet 
wide within a clear 16 foot wide tract (included as part of a right-of-way, or privately owned 
drainage tract) such that vehicles can freely maneuver. Hard surface paved access roads shall 
be at least 10 feet wide. 
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Diameter or Cross 
Sectional Area 

(per barrel) 

Standard 6.2.9 Trashracks may be required on the 
entrances and access barriers on outlets to conduits or other hydraulic structures. Where such 
barriers are required, they shall be placed on both the inlet and outlet ends. They are required 
in areas where debris potential and/or public safety indicate they are necessary, such as in 
developed areas or where a person could likely be injured or trapped. Refer to for 
additional guidelines within such areas. 

Trashracks and Access Barriers. 

Table 6.1 Conduit and Hydraulic Structure Trashrack and Access Barriers 

Inlet Outlet 
Trash Access 
Rack Barrier 

Required' Required' 

Length 

Facility Description 

Culverts and Storm Drains 

All Dia2 24" 
Area 2 3.14 sf 

All Dia 124" 
Area 2 3.14 sf 

Outlets from multiple-use 
stormwater storage 
facilities. 

Yes Yes 

Yes Yes 

Culverts and Storm Drains 
with sufficient bend that 
the opposite end cannot 
be clearly seen when 
looking into the structure. 

1 Culverts and Storm 
Drains, other than noted 
above 

Culverts and Storm 
Drains, other than noted 
above 

Required within developed areas or where a person could likely be injured or trapped 

Dia 2 24" 
3.14 sf e Area I 15 sf 

Dia e 24" 
Area 3.14 sf 

L 200 ft 
L 1200 ft 

I All 

Area > 15 sf 

I No 

All No No 

I No 

No 
Yes 

No 
Yes 

Flap gates may be substituted for access barriers on conduit or hydraulic structure outlets when 
it can be shown that sedimentation will not prevent the flap gate from opening or that the design 
of the outlet structure will reduce downstream sedimentation that would prevent the flap gate 
from opening. 

Trashrack and access barrier assemblies shall be secured to prevent public access, but hinged 
or removable to allow access for maintenance. They shall be designed to withstand the 

.hydrodynamic load resulting from the 100-year design event. The assemblies shall be suitable 
for exposure to sunlight, as well as submerged conditions. An anti-vortex device shall be 
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included with the trashrack design if vortices are anticipated which could affect hydraulic 
efficiency and cause erosion of adjacent earth slopes. 

6.3 HYDROLOGY 

6.3.1 Design Storm Duration Criteria 

The design storm duration specified for the type of structure under consideration in combination 
with the size of the contributing drainage area, varies depending on the risk to public safety. 
The following minimum standards shall be applied for the differing applications. Refer to Table 
6.7 for more specific minimum storm frequency-duration criteria. 
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Purpose/Method Criteria 
L I Retention basins 1 OO-year, 2-hour rainfall as defined in the 

volume for stormwater storage 

I Analysis for undisturbed drainageways and design of engineered channels, bridges, and culverts: 
I 

Drainage Area: 0 to 160 acres 
(Rational Method or Unit Hydrograph Method) 

Drainage area: 160 acres to 20 square miles 
(Unit Hydrograph Method) 

Drainage area: 20 to 100 square miles 
(Unit Hydrograph Method) 

Drainage area.100 to 500 square miles 
(Unit Hydrograph Method) 

_ _ ~  

6.3.2 Rational Method Criteria 

If only design peak charges are needed, then the 
Rational Method is acceptable. Refer to Section 5.3 of 
the Hvdroloay volume for limitations on use of the Unit 
Hydrograph Method. 

6-hour local storm per Hvdroloay volume. Engineering 
judgment may dictate use of a 24-hour storm depending 
on soil conditions, or other hydrologic parameters or 
criteria. The County/District may require analysis of both 
the 6-hour and 24-hour storms, and require that the 
larger peak discharge be utilized. 

Either a critically centered 6-hour local storm as defined 
in Hvdroloav volume, or a 24-hour general storm. The 
County/District requires analysis of both the 6-hour local 
storm and the 24-hour general storm, and requires that 
the larger peak discharge and runoff volume be utilized. 

24-hour general storm. 

Table 6.3 and Table 6.4 contain C Coefficients for use with the Rational Method and are to be 
applied for most applications. It is the engineers’ responsibility to verify the applicability of these 
values for the intended application. Other values may be approved, within the ranges specified 
in Table 3.2 of the Hvdroloav volume, if technical justification is provided based on an analysis 
of planned and/or actual percent imperviousness and vegetation and soils conditions. 
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Table 6.3 Rational Method Developed Condition C Coefficients 

Return Period Land Use‘ 

Kb , 
Type’ 

~~~~ ~~ 

Maricopa Association of 
GovernmentslCounty Zoning 

Classifications 

2-, 5-, 
& 10- 
Year 

25- 
Year 

50- 100- 
Year j Year 

Class 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

Rural Residential (<= 1/5 dwelling units (du) per 
acre 
Rural-I 90 

Estate Residential 
(1/5 du per acre to 1 du per acre) 
Rural-70, Rural-43 

Large Lot Residential - Single Family 
(1 du per acre to 2 du per acre) R1-35 

Medium Lot Residential - Single Family 
(2-4 du per acre) R1-I 8, R1-10 

A 0.42 

0.42 

0.48 

0.48 

0.65 

0.75 

0.75 

0.75 

0.75 

0.85 

0.46 

0.46 A 

A 0.53 

0.53 

0.72 

0.83 

0.83 

0.83 

A 

Small Lot Residential - Single Family 
(4-6 du per acre) R1-8 A 

Very Small Lot Residential - Single Family (>6 
du per acre-includes mobile home) R1-7, R1-6 

0.90 I 0.94 

A 

Medium Density Residential - Multi Family (5-1 0 
du per acre) R-2 A 

High Density Residential - Multi Family 
(1 0-1 5 du per acre) R-3 A 

A 
Very High Density Residential - Multi Family (> 
15 du per acre) R-4, R-5 0.90 1 0.94 0.83 

I 

General Commercial (Commercial where no 
detail available) C-3 0.95 1 0.95 A 0.94 

’ From MAG 2000 Land Use Plan and Maricopa County Zoning Ordinance 
Refer to the Hydrology Manual, Chapter 5, Table 5.3 for descriptions of each type. 
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Land Use' 

Table 6.3 Rational Method Developed Condition C Coefficients 

Return Period 
I I 

I I 

Class 

21 0 

2-, 5-, 
& l o -  
Year 

25- 50- 
Year Year 

I 
0.95 

0.85 

0.85 

0.85 

0.80 

0.85 

0.80 

0.85 

0.85 

0.85 

0.85 

0.85 

0.75 

0.94 

0.94 

0.94 

0.88 

0.94 

0.88 

0.94 

0.94 

0.94 

0.94 

0.94 

0.83 

Maricopa Association of 
Govern m en tslCou n ty Zoning 

Classifications 

Specialty Commercial (<=50,000 sq. ft.) 
c -s ,  c-0, c-I, c-2, c-3 0.95 

Neighborhood Commercial 
(50,000 to 100,000 sq. ft.) 0.85 0.94 0.95 0.95 A 220 

230 

240 

250 

300 

310 

320 

400 

41 0 

420 

430 

51 0 

520 

----+-- 
Community Commercial 
(100,000 to 500,000 sq. ft.) 0.95 0.95 

0.95 

0.95 

0.95 

A 

A 

A 

Regional Commercial 
(500,000 to 1,000,000 sq. ft.) 0.95 

0.95 

0.95 

Super-Regional Commercial (>= 1,000,000 sq. 
fit.) 

General Industrial (Industrial where no detail 
available) A 

0.95 0.95 A Warehouse/Distribution Centers 

0.95 0.95 A Industrial IND-1, IND-2, IND-3 

Office General (Office where no detail available) 0.95 0.95 A 

A Office Low Rise (1-4 stories) 0.95 

0.95 

0.95 

0.95 A Offtce Mid Rise (5-12 stories) 

0.95 0.95 A Office High Rise (13 stories or more) 

Tourist and Visitor Accommodations (Hotels, 
motels and resorts) A 0.95 

0.90 

0.95 

0.94 
Educational (Public schools, private schools 
and universities) A 
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0.80 1 

Table 6.3 Rational Method Developed Condition C Coefficients 

Year 

0.95 

0.31 

0.95 

0.95 

0.95 

0.95 

0.95 

0.95 

A 

B 

A 

A 

A 

A 

A 

A 

Land Use' Return Period 

Maricopa Association of 
GovernmentslCounty Zoning 

Classifications 

2-, 5-, 
& 10- 
Year 

25- 
Year 
- 
0.94 

50- 
Year 

Class 

0.85 0.95 530 Institutional (Includes hospitals and churches) 

Cemeteries 0.25 0.28 0.30 540 

550 

560 

Public Facilities (Includes community centers, 
power sub-stations, libraries) 

Special Events (Includes stadiums, sports 
complexes and fairgrounds) 

Other Employment - low (Proving grounds and 
land fills) 

Other Employment - medium 

0.85 0.94 0.95 

0.85 0.94 0.95 

0.85 570 0.94 

0.94 

0.95 

0.95 

0.95 

580 0.85 

590 Other Employment - high 0.85 0.94 

General Transportation (Transportation where 
no detail available) 0.95 0.95 0.95 600 

61 0 Transportation (Includes railroads, rail yards, 
transit centers and freeways) 0.95 0.95 0.95 

1 ~~~ 

4irports (Includes public use airports) 

Seneral Open Space (Open space where no 
detail available) 

0.88 620 0.95 

0.48 0.40 0.44 700 

4ctive Open Space (Includes parks) 0.30 71 0 

720 Self courses 0.30 

0.66 Dassive Open Space (Includes mountain 
)reserves and washes) 0.55 0.61 

OX9 I 730 

740 Nater 1 .oo 1.00 1 A 
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0.94 

Table 6.3 Rational Method Developed Condition C Coefficients 

0.95 

Land Use’ Return Period 

Maricopa Association of 
GovernmentslCounty Zoning 

Classifications 

2-, 5-, 
& 10- 
Year 

100- 
Year Class 

750 

810 

900 

2000~ 

2001 

2002~ 

20033 

Year Year 

0.94 0.95 

Ag ricu It u re 0.20 0.25 B 

Business Park (Includes enclosed industrial, 
office or retail) 0.95 A 0.85 

B Vacant (Existing land use database only) 0.40 0.50 0.44 0.48 

Landscaping with impervious under treatment 0.85 0.95 B 

~~ 

Landscaping w/o impervious under treatment 0.40 0.50 B 

0.95 A 0.95 Pavement and Rooftops 

Gravel Vehicular travel lanes & Shoulders 0.77 1 0.84 0.70 0.88 A 

Assigned by the District 
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Table 6.4 Rational Method Natural Condition C Coefficients 

Mountain Terrain. 

slopes >I 0% 
NMT High topographic relief, 0.80 0.88 0.95 0.95 D 

6.3.3 Unit Hydrograph Method Criteria 

Table 6.5 contains rainfall loss, Time of Concentration equation and Lag equation parameters 
for use with the unit hydrograph method. Refer to Section 4.4.1 of the Hvdroloay volume for 
details of application. Q contains similar parameters for the natural condition. These 
parameters are for developed land use conditions corresponding with the Maricopa County 
Zoning Code. These are the default values contained in the DDMSW computer program and 
are to be used for most applications. It is the engineers’ responsibility to verify the applicability 
of these values for the intended application. Other values may be approvable, within the ranges 
specified in Table 4.2 of the Hvdroloav volume, if technical justification is provided based on an 
analysis of planned and/or actual percent imperviousness and vegetation and soils conditions. 
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0.25 

Table 6.5 Unit Hydrograph Method Developed Condition Parameters 

40 50 normal 

50 normal 

Kb 
Type” 

Land Use4 
I A ~  RTIMP~ 

(inches) (%) 
GovernmenWCounty 

Zoning Classifications 

Soil 
Moisture (”/.I Condition’ 

Class 

110 

120 

130 

140 

0.02 A 5 Rural Residential (e= 1/5 du per 
acre) Rural-I 90 o,30 30 I normal -+--- I I 

Estate Residential I I 
30 normal 1 I 0.30 1 5 

(115 du per acre to 1 du per 
acre) 0.02 A 

Rural-70, Rural-43 

Large Lot Residential - Single 

per acre) R1-35 

Medium Lot Residential - Single 
Family (2-4 du per acre) R1-18, 0.25 30 

Family (1 du per acre to 2 du 0.30 15 

R1-10 

0.02 A normal 

normal 0.02 A 

1 0.25 1 30 Small Lot Residential - Single 
Family (4-6 du per acre) R1-8 normal 

50 I 0.02 A 150 

160 

Very Small Lot Residential - 
Single Family (’6 du per acre- 
includes mobile home) R1-7, 

Medium Density Residential - 
Multi Family (5-10 du per acre) 

R1-6 

R-2 

High Density Residential - Multi 
Family (1 0-15 du per acre) R-3 

0.02 A 

A 0.02 170 

180 
I 
50 I 0.02 A 

From MAG 2000 Land Use Plan and Maricopa County Zoning Ordinance 
Initial abstraction, inches 
Percent impervious 
Percent vegetation cover 
For assigning a value of DTHETA 
For use in the S-Graph Lag Equation 

6 

8 

9 

lo For use with the Clark Unit Hydrograph Time of Concentration Equation 
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Table 6.5 Unit Hydrograph Method Developed Condition Parameters 

1 normal 

Land Use4 

Maricopa Association of 
Class Governments/County 

Zoning Classifications 

Very High Density Residential - 
Multi Family (> 15 du per acre) 190 
R-4, R-5 

I A ~  RTIMP~ 
(inches) 

0.25 45 

VCD7 
(%) 

Kb Soil 
Moisture 

Condition’ Kn9 Type” 

1 0.10 1 80 1 65 1 normal 1 0.02 1 A Neighborhood Commercial 
(50,000 to 100,000 sq. ft.) 220 1 

200 

210 

General Commercial 
(Commercial where no detail 0.10 80 60 normal 0.02 A 
available) C-3 

Specialty Commercial 
(<=50,000 Sq. ft.) C-S, C-0, C- 0.10 80 65 normal 0.02 A 
1, c-2, c-3 

230 

240 

1 0.15 1 55 1 60 I normal 1 0.02 1 A General Industrial (Industrial 
where no detail available) 300 1 

0.10 80 75 normal 0.02 A Community Commercial 
(1 00,000 to 500,000 sq. ft.) 

Regional Commercial 
(500,000 to 1,000,000 sq. ft.) 0.10 80 65 normal 0.02 A 

~~ 

0.10 Super-Regional Commercial (>= 
250 1,000,000 sq. ft.) 

officeGeneral(officewhereno 1 0.10 1 80 1 75 I normal 1 0.02 1 A 400 1 detail available) 

80 70 normal 0.02 A - 
I 

31 0 

320 

I 

Warehouse/Distribution Centers 0.10 80 75 normal 0.02 A 

Industrial IND-1, IND-2, IND-3 0.15 55 60 normal 0.02 A 

420 I Office Mid Rise (5-12stories) I 0.10 I 80 I 75 I normal I 0.02 I A 

410 Office Low Rise (1-4 stories) 0.10 80 75 normal 0.02 A 

430 

I 

0.10 80 75 normal 0.02 A Office High Rise (13 stories or 
more) 

510 

6-14 January 11,2007 

Tourist and Visitor 
Accommodations (Hotels, 
motels and resorts) 

0.10 80 75 normal 0.02 A 

0.29 Educational (Public schools, 
private schools and universities) 520 1 45 80 normal 0.02 A 



Table 6.5 Unit Hydrograph 

Land Use4 

Maricopa Association of 
Class Governments/County 

Zoning Classifications 

Institutional (Includes hospitals 
530 and churches) 

540 Cemeteries 

550 community centers, power sub- 
Public Facilities (Includes 

stations, libraries) 

Special Events (Includes 

fairgrounds) 

Other Employment - low 
(Proving grounds and land fills) 

560 stadiums, sports complexes and 

570 

580 Other Employment - medium 

590 Other Employment - high 

600 (Transportation where no detail 
General Transportation 

available) 

Transportation (Includes 
railroads, rail yards, transit 
centers and freeways) 

Airports (Includes public use 

61 0 

620 airports) 

General Open Space (Open 
space where no detail available) 

Active Open Space (Includes 

700 

710 parks) 

720 Golf courses 

730 mountain preserves and 

740 Water 

Passive Open Space (Includes 

washes) 

~ 

750 Agriculture 
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Method Developed Condition Parameters 

Kb 
Soil IA' RTIMP6 VCD' Moisture 

Kn9 Type" ("') Condition' (inches) ("/.I 

80 75 normal 0.02 A o,lo 

0.10 5 90 normal 0.02 B 

0.10 80 75 normal 0.02 A 

0.10 80 75 normal 0.02 A 

0.10 80 75 normal 0.02 A 

0.10 80 75 normal 0.02 A 

0.10 80 75 normal 0.02 A 

0.1 0 80 75 normal 0.02 A 

0.10 80 75 normal 0.02 A 

0.15 55 60 normal 0.02 A 

0.10 5 90 normal 0.025 B 

0.10 5 90 normal 0.02 A 

0.10 5 90 normal 0.02 A 

0.10 0 90 normal 0.03 D 

0.00 0 0 saturated 0.02 A 

0.50 0 85 normal 0.02 B 
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Table 6.5 Unit Hydrograph Method Developed Condition Parameters 

Land Use4 
I A ~  

Maricopa Association of (inches) 
Class GovernmentslCounty 

Zoning Classifications 

Business Park (Includes 

retail) 
81 0 enclosed industrial, office or 0.10 

900 Open Space 0.35 

RTIMP~ 
(%I 

80 

0 

1 0.10 1 95 Landscaping with impervious 
under treatment 

Soil 
Moisture 

Condition' 
Kn9 

1 0.20 1 0 Landscaping wlo impervious 
under treatment 

Kb 
Type" 

200211 I Pavement and Rooftops I 0.05 I 95 

Gravel Vehicular travel lanes & 1 o.lo 1 
*Oo3" 1 Shoulders 

l 1  Assigned by the District 

6-1 6 

VCD' 
(%) 

75 

25 

30 

30 

0 

0 

normal 1 0.02 1 A 

dry I 0.025 1 B 

normal 

normal 

0.01 5 j 
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0.40 

0.55 

0.80 

Table 6.6 Unit Hydrograph Method Natural Condition Parameters 

0.44 0.48 0.50 0.02 B 

0.61 0.66 0.69 0.03 C 

0.88 0.95 0.95 0.05 D 

Class 

NDR 

N HS 

NMT 

Land Use 

Category 

Undeveloped Desert 
Rangeland. 
Little topographic relief, 
slopes 4% 

Hillslopes, Sonoran Desert. 
Moderate topographic relief, 
slopes >5% 

Mountain Terrain. 
High topographic relief, 
slopes > I  0% 

‘’ Initial abstract, in inches 
l3 Percent impervious 
j4 Percent vegetation cover 
l5 For assigning a value of DTHETA 
l6 For use in the S-Graph Lag Equation 
” For use with the Clark Unit Hydrograph Time of Concentration Equation 
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2-year through 50-year 

6.3.4 Hydrologic and Hydraulic Design Criteria 

Standard 6.3.1 
design criteria are to be applied for the listed drainage features. 

Design Criteria. The following peak discharge and storm frequency related 

100-year 

Minor Collector/Local 
Streets 

Criteria for Street with 
Curb and Gutter 
(longitudinal flow) 
common to all Street 
Classifications 

ArteriaVMajor 
Collector/All-Weather 
Access Streets 

1 0-year: Flow depths not to exceed 
curb height. dm, vehicular travel lane = 8-inches 

For all storm frequencies up to and including the 100-year: 

1. Channel and/or storm drain systems installed as needed to meet street 
drainage criteria. 

2. Historic drainage divides should be retained, Flows within existing streets 
should follow historic drainage paths. 

3. Runoff to be contained 12-inches below the finished floor of adjacent 
buildings. 

4. Q,,, = 100 cfs. 
5. V,,, = Refer to Standard 6.2.2. 

~~ 

IO-year: One 12-foot dry driving lane 1 I dm, vehicular travel lane = 6-inches maintained in each direction, and 
flow deDths not to exceed curb 
height. I 

Example of Street Flow Depth Requirements , Flow Parallel to Sfreef. with C&G , ArterialiMajor Co Ilector/All-Weather 

Arterielnvlajor Collector/All-Weather Access Streets = 6". 
Maintain a 12-foot wide clear lane 
at IO-year peak Row depth, 

f 
Maximum flow depth for all street classifications for the 
IO-year peak discharge = 6" or Top of Curb. 
whichever is lesser. 

I '  
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~~ ~~ ~~ 

2-year through 50-year 

Table 6.7 Minimum Drainage Design Criteria 

100-year 

Drainage Feature 

Sriteria for Street 
Nithout Curb and 
Sutter (longitudinal 
'low) common to all 
Street Classifications 

;hannel adjacent to 
4rteriaVAll-Weather 
4ccess streets 

Zhannel adjacent to 
Zollector streets 

Zhannel adjacent to 
.oca1 streets 

Peak Frequencies 

1. Historic drainage divides should be retained. Flows within existing streets 
should follow historic drainage paths. 

2. Runoff to be contained 12-iCches 
buildings. 

Runoff conveyed by channel with 
maximum water surface no greater 
than the lowest adjacent road 
subgrade or alternative design 
approved by County/District for the 
storm frequency listed below by 
street classification. 

Culvert outlet V,,, = 15 fps 

50-year frequency 

25-year frequency 

1 0-year frequency 

slow the finished floor of adjacent 

Runoff to be conveyed by channel with 
maximum flow depth in vehicular trave 
lane as specified below by street 
classification. 

d,, vehicular travel lane = 6-inches 

d,, vehicular travel lane = 6-inches 

d,, vehicular travel lane = 8-inches 

Example of Street Flow Depth Requirements, FIaw Parallel to Street, without C&G 

ArteriaWAll-Weather Acces 

Maximum peak water surface elevafim shall be 
lowest adjacent subgrade for the stom 
freguencies listed below by street ctassification: 

WeriaUAll-Weather Access Streets. 50-year 
Coltedors: 25-year 

L~cal  Streets: 1 0-year 
i t  1 
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Table 6.7 Minimum Drainage Design Criteria 

Peak Frequencies 
Drainage Feature 

I I 2-year through 50-year I 100-year 

CULVERTS AND BRIDGES 

Meria for Cross 
ioad Culverts 
2ommon to all Street 
2lassifications 

Runoff to be conveyed by culvert 
with maximum water surface no 
greater than the lowest adjacent road 
subgrade or alternative design 
approved by County/District, for the 
storm frequency listed below by 
street classification. 

Culvert outlet V,,, = 15 fps 

Runoff to be conveyed by culvert with 
maximum depth in vehicular travel lane 
as specified below by street 
classification. Culvert outlet V,,, = 15 
fps. 

Where flow weirs over road, suitable 
erosion protection approved by 
County/District shall be provided. 

bterial/All-Weather 
kcess streets. 50-year frequency d,, vehicular travel lane = &inches 

:ollector Streets I 25-year frequency I d,, vehicular travel lane = 6-inches 

.oca1 Streets 1 0-year frequency d,, vehicular travel lane = 8-inches 

Example of Street Flow Depth Requirements at Culverts, with Normal Crown and C&G 

Maximum $00-year peak flow depth anywhere 
within the vehicular driving area: 

Artefial/Al-Weather Access Streets: &inches 
Collector Streets: 6-inch5 

Lucal Streets: 8-inchs 

Maximum Velocrtv 

West adjacent subgrade for the storm 
frequencies listed below by street ctassitication: 

ArterrallAll-Weather Access Streets: 50-year 
Collectors: 25-year 

Local Streets: 10-year 

\- w \ 
... 

and/or cutoff walls may 
be required for the 
embankment fill sbpes. 

required at the inlet 
and outlet of culvert. 
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2-year through 50-year 1 OO-year 

Arterial/All-Weather A 

and/or cutoff walls may 
be required for the Arteria LIAlCWeather Access Streets: 50-year 

Collectors: 25-year 
Local Streets: 1 O-year 

ridges for all Street 
lassifications, 
cluding Pedestrian 
ridges 

N/A 

Runoff to be conveyed under road with 
2 foot freeboard below bridge low 
chord, with pier clogging factors per 
Standard 6.7.16. 

riteria for Low Water 
rossings Common to 
I Street 
lassifications 

LOW WATER CROSSINGS 

For all storm frequencies up to and including the 1 OO-year: 

Allowable for long areas of shallow or distributary flow where the County/District 
determines that construction of culverts is impractical, detrimental to public 
safety, or would result in adverse impacts to properties. 

Low water crossings shall have erosion protection as approved by 
County/District. 

If exceptions to the I OO-year flow depth are approved by County/District, a flow 
monitoring-flooded roadway warning system together with road closure facilities 
shall be provided as required by County/District. No exceptions to the 100-year 
flow depth requirement for subdivision all-weather access street classifications 
will be granted. 

V,,, = Refer to Standard 6.2.2. 
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Drainage Feature 

Arterial/Collector/All- 
Weather Access 
streets 

Local streets 

Table 6.7 Minimum Drainage Design Criteria 

Peak Frequencies 

2-year through 50-year I OO-year 

NA d,,, vehicular travel lane = 6-inches 

d,,, vehicular travel lane = 8-inches N/A 

Criteria for Open 

all Street 
Classifications 

Common to 

~~ 

OPEN CHANNELS PARALLEL OR ADJACENT TO STREETS 

channel with maximum water surface 
no greater than the lowest adjacent 
road subgrade or alternative design 
approved by County/District, for the 
storm frequency listed below by 

Runoff to be conveyed by open 

ArteriaVAll-Weather 
Access streets. 50-year frequency 

street classification. 

~~~~ ~ 

Collector Streets 

Local Streets 

Runoff to be conveyed by open 
channel with maximum depth in 
vehicular travel lane as specified below 
by street classification. 

25-year frequency 

1 O-year frequency 

d,, vehicular travel lane = 6-inches 

d,, vehicular travel lane = 8-inches 

Channel design shall not result in 
adverse impacts to adjacent properties. 

Subject to freeboard requirements per 
Standard 6.8.7. Subject to flow regime 
requirements per Standard 6.8.3 (6). 

d,, vehicular travel lane = 6-inches 

DELINEATED FLOODPLAINS - FEMA 

It is the intent of the District that floodplains and floodways be delineated for areas meeting this criteria, 
and that those delineations be submitted to FEMA for approval. Delineations may be done by the District 
as funding permits. The Floodplain Administrator may elect to temporarily not submit a delineation to 
FEMA due to extenuating circumstances. The County will require a developer to delineate floodplains for 
areas that meet this criterion, and the District may require that the delineation be submitted to FEMA, 
particularly if lots or homes are proposed for construction within the defined flood hazard area. The 
District will only regulate floodplains that are identified on the District Flood Management Maps. 

1 
N/A Requirement for 

Delineated Floodplain 

At a minimum, delineate floodplain for: 

2. Watershed areas >= 1 sq. mi. 
3. Developments meeting criteria 1 or 2 
that are 5 acres in area or greater or 
will have 50 or more lots. 

1. Qqoo >= 500 CfS. 
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2-year through 50-year 

NIA 

NIA 

Drainage Feature I I QQ-year 

Delineate a Floodway where 
successive encroachments by 
development within the Delineated 
Floodplain may result in cumulative 
impacts, detrimental to public safety or 
property, to flood depths, velocities, 
erosion hazards or the uncertainty of 
distributary flow paths on adjacent, 
upstream or downstream properties. 

Lowest floor elevation (for 
manufactured homes, see Section 

to be a minimum of l-foot above 
the Regulatory Flood Elevation (RFE). 
Note that to file a CLOMR-F with FEMA 
and remove the dwelling from the 
floodplain for flood insurance purposes, 
the grade adjacent to the dwelling must 
be at or above the Base Flood 
Elevation prior to construction. 

Table 6.7 Minimum Drainage Design Criteria 

Requirement for 
Delineated Floodway 

Lowest floor elevation 
for dwellings within a 
floodplain delineated 
by FEMA. 

The County may require that floodplains be delineated for areas meeting this criterion. 

Requirement for 
Delineated Floodplain NIA 

Qloo < 50 cfs, Flow depth <= 3-inches: 
Limits do not have to be delineated, but 
lowest floor requirements within a Non- 
FEMA Delineated Floodplain apply. 

Qloo >= 50 cfs or 
Watershed Area >= 0.25 sm: 
Floodplain limits and elevations are to 
be defined if required by the County as 
part of a subdivision and/or drainage 
review . 

Floodplains shall be delineated, and 
shown on the Grading and Drainage 
Plans, and the Final Plat, for: 

2. Watershed areas >= 1 sq. mi. 
3. Developments meeting criteria 1 or 2 
that are 5 acres in area or greater or 
will have 50 or more lots. 

1. Q l o o  >= 500 CfS. 
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Table 6.7 Minimum Drainage Design Criteria 

Drainage Feature 

Requirement for 
Delineated Floodway 

Lowest floor within a 
Non-FEMA Delineated 
Floodplain. 

Lowest floor not within 
a FEMA or Non-FEMA 
Delineated Floodplain. 

Peak Frequencies 

2-year through 50-year 

NIA 

NIA 

NIA 

1 OO-year 

QK+= 50 cfs or Watershed 
Area>=0.25 sm: Definition of floodway 
limits within a Delineated Floodplain 
may be required by the CountylDistrict 
depending on flow depth and velocity. 
Floodway delineation may be required 
where a floodplain delineation is 
required and the floodplain has areas 
within the High Danger Zone shown on 
Fiqure 6.1 and Fiqure 6.2 where the 
flow depth >= 2 fi in combination with 
velocity >= 4 fps. 

Lowest floor elevation for houses that 
are to be located within a Delineated 
Floodplain shall be elevated a minimum 
of 12-inches above the highest 
adjacent RFE. Houses may be 
prohibited in flood hazard areas within 
the High Danger Zone shown on Figure 
- 6.1 and Fiqure 6.2 where the flow 
depth >= 2 ft in combination with 
velocity >= 4 fps. 

Lowest floor elevation for houses shall 
be elevated a minimum of the following, 
whichever is higher: 

1. 14-inches above the lowest drainage 
outfall for the lot, or 

2. 12-inches above the Highest 
Adjacent Grade within 10 feet of the 
foundation of the building, or 

3. If 1 OO-year WSEL's are known, then 
12-inches above the highest adjacent 
1 OO-year WSEL, 

The lowest floor elevation may also be 
determined through engineering 
analysis and must be certified to be 
free from flooding by an Arizona 
registered civil engineer. More 
stringent requirements may be in place 
in the Development Guidelines from an 
ADMS, ADMP, WCMP, or established 
by a CountylDistrict field inspector. 
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2-year through 50-year 

Retention Basin 

Detention Basins are 
STRONGLY 
discouraged and may 
only be used if 
specified by an 
adopted 
ADMPNVCMP or with 
special approval by 
the County Drainage 
Review Board or the 
District Board of 
Directors. 

100-year 

NIA 

2-, 10- and 50-year peak discharge: 
Qpost reduced to Q,, 

I OO-year 2-hour storm for determining 
stormwater storage volume. 

Qpost reduced to Q,, 

6.4 STORMWATER QUALITY 

The following minimum standards will be utilized for protection of stormwater quality in Maricopa 
County. 

Standard 6.4.1 First Flush. Discharges into a structure owned or operated by the District 
must comply with Policv 3.6.6 First Flush, and County-wide all discharges may be required to 
meet the First Flush requirements of Policv 3.6.6 by providing stormwater runoff control (Policv 
3.1 1 .I). The First Flush requirement can be addressed by retaining the required minimum First 
Flush volume, treating the first flush discharge, or utilizing a combination of both approaches. 

The minimum First Flush volume is calculated as follows: 

P VFF = C E A  

where: 

VFF 
C 
P 
A 

= minimum First Flush volume in ac-ft, 
= runoff coefficient (set = I), 
= first 0.5 inches of direct runoff, and 
= area of project site, in acres. 
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The minimum First Flush treatment discharge is calculated as follows: 

QFF = CIA 

where: 

QF,c 
C 
I 
A 

= minimum First Flush discharge in cfs, 
= runoff coefficient (set =I), 
= 0.5 inchedhour rainfall excess intensity (0.5 inches of direct runoff in 1st hour), and 
= area of project site, in acres. 

Example: Calculate the volume for a stormwater storage basin that must be constructed to 
capture the first flush from a commercial site with 100 acres of developed area. Also calculate 
the discharge that must be treated if the storage option is not selected. 

VFF = 1.0*(0.5/12 f t )* lOO acres 

VFF = 4.1 7 ac-ft 

QFF = 1.0*(0.5 in/hr)*lOO acres 

6.5 STREET DRAINAGE 

The conveyance of stormwater in a roadway is influenced by the typical roadway cross-section, 
cross-slope, longitudinal slope and roadway material. The following are standards to be used in 
the evaluation of roadway conveyance: 

Standard 6.5.1 Construction Plans. Construction plans for street drainage improvements 
are to meet the requirements of Section and the MCDOT Roadway Design Manual. 

Standard 6.5.2 Building Finished Floor Elevations. Refer to Table 6.7, Section and 
Section u. 
Standard 6.5.3 
lateral connection pipes shall be based on acceptable hydrologic criteria. 

Sizing Inlets and Laterals. Runoff calculations for the sizing of inlets and 

Standard 6.5.4 
street flow unless special conditions exist. 

Manning’s n-value. A Manning’s n-value of 0.015 shall be used for paved 

Standard 6.5.5 
within County/District right-of-way. 

Inverted Crowns. The use of inverted crown roadways is not permitted 

Standard 6.5.6 Valley Gutters. Valley gutters will only be allowed between intersections on 
local streets. The minimum slope for valley gutters shall be as defined in the MCDOT Roadway 
Design Manual. 
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Standard 6.5.7 
of 0.0025 feet of fall for every 1 .O feet of gutter length. 

Curb Return Gutter Slope. Curb return gutters shall have a minimum slope 

Standard 6.5.8 Maximum Flow Depth in Street Sections. Refer to Table 6.7. 

Standard 6.5.9 For arterial, collector streets and all- 
weather access streets, the maximum distance that drainage may be carried in the street is 
based on maintaining a 12-foot dry lane in each direction for the 10-year event, and 10-year 
peak flow depths shall not exceed the top-of-curb for local streets. 

Maximum Catch Basin Spacing. 

Standard 6.5.10 On-Grade Catch Basins. Catch basins constructed on a continuous grade 
are generally not required to intercept 100% of the design flow. Such catch basins shall be 
designed to meet the requirements of Standard 6.5.9. 100% interception of the design flow may 
be required at intersections. 

Standard 6.5.11 Maximum Catch Basin Curb Opening Height. The curb opening for a 
catch basin shall not be greater than 6-inches in height. 

Standard 6.5.12 Inlet Grate Types. The use of grated catch basins is discouraged within 
street sections. If a grated catch basin is used within a street section, only those grate types 
with bars transverse to traffic, or reticuline types, are acceptable. The reduction factors, as 
identified in Table 6.8, shall be applied to the specified variable to obtain the interception 
capacity used for design. 
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Table 6.8 

I Condition 

Sump 

Sump 

Sump 

Continuous Grade 

Continuous Grade 

Continuous Grade 

Shallow Sheet Flow 25 

Catch Basin Clogging Factors 

Inlet Type 

Curb Opening” 

Gratelg9 *’ 
Com bination” 

Curb Opening” 

Longitudinal Bar Gratez3 

Longitudinal Bar Grate 
with recessed transverse 
barsz3 

Longitudinal Bar Grate 
with transverse barsz3 

Reticuline Gratez3 

Combination 24 

Slotted Drainsz6 

Clogging Factor 

1.25L 

2.0P 

1.25L and 2.0P 

1.25Lt 

0.75Rf and 1.25L 

0.60Rf and 1.5L 

0.40% and 2.0L 

0.35Rf and 2.25L 

Apply factor 1 .25Lt to 
curb opening only 

1.25L 

Applied to total length, L, per Example 5 in Chapter 3 of Hydraulics volume 18 

l9 Grated inlets in sump condition should be avoided whenever possible. 
2o Applied to total grate perimeter, P, per Example 6 in Chapter 3 of Hydraulics volume 

22 Applied to Lt per Example 2 in Chapter 3 of Hydraulics volume 
23 Applied to Rf and L per Example 3 in Chapter 3 of Hydraulics volume 
24 Applied to Lt per Example 4 in Chapter 3 of Hydraulics volume 
25 Slotted drains are most effective for shallow sheet flow conditions or sumps. 

26 Applied to total length of slotted drain. Slotted drains are most effective for shallow sheet flow 

Apply clogging factors to both curb opening and grate 

With greater depths and flows, a different type of inlet should be used. 

conditions. With greater depths and flows, a different type of inlet should be used. 
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6.6 STORM DRAINS 

The following minimum standards including the requirements in Table 6.9 are to be met for the 
design of storm drains that will be placed into the MCDOT or District maintenance systems: 

Standard 6.6.1 Construction Standards. The MAG Standards shall be used for 
construction of storm drain systems. ADOT Standards may be used for items not covered by 
the MAG Standards. 

Standard 6.6.2 Pipe Selection Requirements. The selection of pipe materials for storm 
drains shall be done in conformance with the MCDOT Roadway Design Manual. Minimum 
cover requirements may also be per the manufacturer’s specifications, at the discretion of the 
design engineer. ADOT (1996) methods may also be used, with prior approval by 
County/District. The District requires that storm drain pipes constructed within District right-of- 
way be reinforced concrete. 

Standard 6.6.3 Flow Velocity. Storm drains with flow velocities less than 3 fps for 0.5 x 
Qdesign, less than 5 fps for Qdesign, or in excess of 15 fps shall require prior approval by 
County/District. 

Standard 6.6.4 Storm Drain Profiles. Storm drain pipes and manholes shall be shown in 
profile along with existing and proposed grades. Catch basin and connector pipe profiles shall 
be provided in the design drawings. The pipe slope to four significant figures and the pipe size 
shall be shown. All existing and proposed utilities crossing over and under the proposed storm 
drain shall be shown to scale at their actual location and elevation. Clearance with utilities shall 
be a minimum of 1 foot (horizontal & vertical) except for Salt River Project utilities that require a 
minimum of 2 feet clearance horizontally and 1 foot vertically. The information provided in 
profile format shall include: pipe stationing, pipe size, pipe discharge (a), pipe velocity, pipe 
material, hydraulic grade line, energy grade line, gutter flowline, inlet locations, and finish grade 
over pipe. Where alternative pipe materials are allowable, the design information for each pipe 
material type shall be included. See Section 6.15 and the MCDOT Roadway Design Manual for 
construction plan requirements. 
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Table 6.9 Storm Drain Hydraulic Design Standards 
L 

Design Variable 

Minimum Velocity. I 
Maximum Velocity. 

Minimum Pipe Size. 
Main Line 
Lateral and Connectors 

I Pipe Diameter Changes. 

Maximum Distance to First Catch Basin. I 
I 

Manhole Spacing (SD = Storm Drain Diameter). I 
I I Maximum Hydraulic Grade Line Elevation, Qdesign. 

I Maximum Energy Grade Line Elevation, Qdesign. 

Manning's n-values. 
Reinforced Concrete Pipe (RCP) 
Corrugated Metal Pipe-(CMP) Concrete Lined 
Corrugated Metal Pipe (CMP), connector pipes only 
High-Density Polyethylene Pipe (HDPE) 
Cast-ln-Place-Pipe (CIPP). Increase minimum 
size required for hydraulics by 6-inches. 

~~~~ 

Design Standard 

5 fPS for Qdesign 
The lesser of 3 fps for 0.5 x Qdesign or 3 fps at 

flow depth = 1' 

15 fps 

18-inches 
15-inches 

The elevation of pipe crowns, not inverts, are 
to be matched at manholes and structures. 

1 O-year storm frequency: Maintain one 12-foot 
lane in each direction for Arterial, Collector and 

discharge flow depth shall not exceed the top- 
of-curb for Local streets. 

All-weather Access Streets. 1 O-year peak 

- < 30 inches SD (straight) = 330 feet max 
33-45 inches SD = 440 feet max 
48-84 inches SD = 660 feet max 
>84 inches SD = 1,320 feet max 

Shall not be higher than 12 inches below inlet 
gutter flowline elevation 

Shall not exceed gutter flowline elevation 

0.01 3 
0.013 
0.024 
0.01 3 
0.013 

Standard 6.6.5 Hydraulic and Energy Grade Lines. Storm drain systems shall be designed 
for Qdesign so that the hydraulic grade line is at least 12 inches below the inlet gutter flowline 
elevation, and the energy grade line shall not exceed the elevation of the gutter flowline. 
Hydraulic and energy grade line information for all main line and connector storm drain pipes 
shall be prepared by the design engineer and submitted to the County/District for approval. 

Standard 6.6.6 Tabular Information Requirement. The information provided in tabular 
format in the drainage design report shall include: pipe stationing, pipe size, pipe discharge (a), 
pipe velocity, pipe material, hydraulic grade line, energy grade line, inlet locations, finish grade 
over pipe, gutter flowline and inlet elevations. 
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Standard 6.6.7 Soil Boring Requirements. Soil boring logs shall be provided with the 
design documentation for all storm drains within a proposed right-of-way or easement. 
Procedures other than those listed herein require administrative County/District approval. Storm 
drains less than 660 feet in length shall have at least one soil boring. Storm drains longer than 
660 feet shall have multiple borings at intervals not to exceed 1,320 feet. Boring depth shall be 
a minimum of 5 feet below the pipe invert. If cemented or rock material is encountered during 
drilling which results in refusal, then a rock core shall be taken to identify the type and extent of 
refusal to 2 feet below proposed pipe invert. Borings will be located in plan and tied to the same 
datum as the proposed project. Resistivity and pH testing of the soils shall be required to 
support pipe design in terms of material selection. If resistivity readings fall below 1500 ohms 
per cubic centimeter, additional readings shall be made at intervals of not less than 25 feet or 
more than 100 feet until the area of low resistance soil is fully defined. Boring fog data shall 
include the following information. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

I O .  

11. 

12. 

13. 

14. 

15. 

16. 

The name of the company that produced the soil report. 

The date the test boring was made. 

The type of equipment used to drill the hole and take the samples. 

The size of the auger used. 

A description of caving that occurred during the excavation, if any. 

Horizons of each type of soil encountered. 

Description of the soil. 

Classifications by the Unified Soil Classification System. 

Plasticity index. 

Percent passing No. 200 sieve. 

Water encountered. 

Pavement structure (A.C. thickness, sub-base thickness, if applicable). 

Relative moisture content (specify depth taken). 

Representative unit weight of native material (specify depth taken) 

Laboratory calculated optimum moisture content. 

Resistivity and pH readings. 

Standard 6.6.8 Storm Drain Junctions. 

1. Junctions for storm drains shall be prefabricated “Ts, manholes, or designed junction 
structures. Connection to an existing storm drain shall be per an approved detail. 

January 1 1,2007 6-31 



Drainage Standards Maricopa County Drainage Policies and Standards 

2. Manholes are required at, or immediately next to, all storm drain pipe size changes and 
junctions. 

Standard 6.6.9 Storm Drain Connector Pipes 

1. Opposing connector pipes, except at manholes or junction structures, shall be offset a 
minimum of 5 feet horizontally as measured from the centerline of each pipe. 

2. Prefabricated pipe fittings are to be used on all connections to the main storm drains 
where a new main is being installed and the connection is not at a manhole location. 

On projects where the storm drain main is existing, connections are to be made with an 
approved detail. 

3. 

Standard 6.6.1 0 Horizontal and Vertical Deflections. 

1. Alignment changes using joint deflections shall be allowed only using joint deflections 
within the pipe manufacturer’s specified tolerances. When pipe alignment changes are to 
be made by deflecting pipe joints, the maximum deflection per joint shall be noted on the 
construction plans. 

2. Manholes are required at all horizontal angle points where the total deflection angle 
exceeds the manufacturers tolerances for a single joint. If the alignment change is 
accomplished with a pipe fitting or poured collar, a manhole is required immediately 
upstream or downstream of the bend. 

3. Manholes are required at all vertical grade breaks of a storm drain. 

4. 

Standard 6.6.1 1 Right-of-way Width Requirement. A county-owned property, dedicated 
right-of-way, or privately owned drainage tractleasement shall be a minimum of 16 feet wide for 
underground storm drains if not under a designated road right-of-way. A greater width may be 

Concrete pipe collars may be used to create vertical bends on connector pipes. 

Additional standards pertaining to Storm Drains are listed in Section 6.2, Public Safety. 

6.7 CULVERTS AND BRIDGES 

Bridges are defined as structures designed to span a watercourse, including bridges for 
vehicular roadways and pedestrian-only uses. Culverts are buried pipe or box hydraulic 
conveyance structures designed to convey stormwater from one side of a roadway, 
embankment, or service area to the other side. The following minimum standards are to be 
employed in the design of culverts and bridges that will be placed into the MCDOT or District 
maintenance systems: 

Standard 6.7.1 Requirement to Provide Culverts or Bridges. Except where low water 
crossings are allowed as specified in Table 6.7, watercourses found to meet the following 
conditions are to be culverted or bridged,: 
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1. A watercourse with a 1 OO-year peak discharge of 25 cfs or greater, 

2. A watercourse that is a regulatory area designated as “Waters of the United States” under 
Section 404 of the Clean Water Act (refer to Section u), or 

3. As necessary in order to preserve natural flow patterns and prevent adverse impacts on 
adjacent, upstream and downstream properties. 

Construction Plans. Standard 6.7.2 
improvements are to meet the requirements of Section 
Manual. 

Construction plans for culvert and bridge drainage 
and the MCDOT Roadway Design 

Standard 6.7.3 Pipe Selection Requirements. The selection of pipe materials and section 
type for culverts shall be done in conformance with the requirements of the MCDOT Roadway 
Design Manual. 

Standard 6.7.4 Design Storms. Culverts are to be designed to convey, as a minimum, the 
storm frequency peak discharge listed below by street classification with no flow crossing over 
the roadway and the ponded water surface elevation shall not exceed the lowest adjacent 
roadway subgrade elevation unless an alternative design is approved by County/District. 

Arterial and All-Weather Access Streets: 50-year storm frequency 

Collector Streets: 25-year storm frequency. 

Local Streets: 1 O-year storm frequency. 

Refer to Table 6.7 for flow depth requirements. 

Standard 6.7.5 Ponding Outside of Right-of-way. Backwater ponding limits that extend 
outside of the roadway right-of-way shall be delineated and a drainage easement or right-of-way 
obtained from the property owner. Drainage easements shall be recorded and attached to the 
deed for the property. 

Standard 6.7.6 Low water crossings and dip sections are not 
allowed without approval in writing by the County/District. Refer to the requirements in Table 
- 6.7. 

Low Water Crossings. 

Standard 6.7.7 Headwall Requirements. Headwalls are required at the inlet and outlet of all 
culvert installations unless otherwise approved by the County/District. Pipe sizes of 30-inch or 
greater have concrete headwalls. Pipe sizes less than 30-inch shall have concrete headwalls if 
trash racks are required to comply with requirements specified in Table 6.1. Otherwise, pipe 
sizes less than 30-inch shall have flared end sections or concrete/masonry headwalls. 

Standard 6.7.8 
minimum required pipe diameters for County-maintained culverts. 

Minimum Pipe Diameter. Refer to the MCDOT Roadway Design Manual for 
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Standard 6.7.9 Maintenance Access. Ramped, vehicular access for maintenance is 
required at the upstream and downstream ends of all culverts that are not accessible from the 
roadway. The maintenance access route shall be within public right-of-way or a County 
approved easement. 

A county-owned property, right-of-way, or privately-owned drainage tract or easement shall be 
provided for the area inundated by backwater from the culverts for the peak 100-year event. 
The 100-year floodplain limits shall be delineated and shown on the subdivision Final Plat or 
Map of Dedication. 

Standard 6.7.10 Velocity Requirements. 

1. Design velocity requirements shall conform with those specified in Table 6.9. 

2. Culverts are to be designed with consideration to the guidelines presented in the Culverts 
and Bridges, and Sedimentation chapters in the Hvdraulics volume. 

The culvert shall be designed so minimum velocities facilitate sediment transport to keep 
the culvert clean. 

3. 

4. The maximum velocity in the culvert should be consistent with channel stability 
requirements at the culvert outlet. Aggradation or degradation at culvert crossings must 
be examined in the design of culverts. 

Standard 6.7.1 I Outlet Protection Requirements. Culvert outlet requirements shall conform 
with the requirements set forth in Table 6.10. The size, depth, and lateral extent of outlet 
protection, including energy dissipaters, shall be designed in conformance with the Culvert and 
Bridges, and the Hydraulic Structures, chapters of the Hvdraulics volume. 

Standard 6.7.12 Cut-off Wall Requirements. Culverts with headwalls shall have cut-off wails 
where dictated by scour depth. If cut-off walls are determined to be necessary, then minimum 
cut-off wall depths shall be as indicated in Frror Reference Source not faun$, . For pipes 
larger than 24 inches, cut-off wall depth shall be dictated by the greater of the depth shown in 
the table or that depth calculated using the depth of scour equation identified in the Culvert and 
Bridges chapter of the Hvdraulics volume. 
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MAG Standard 
Pipe Diameter 

Table 6.10 Design Criteria for Culvert Outlets 

Minimum Inlet & 
Outlet Cutoff Wail 

Depth (feet) 

Outlet Protection Natural Channel 

I None Up to 1.3 times existing channel 
velocity 

Riprap or other suitable transition 
apron velocity 

1.3 to 2.5 times existing channel 

Energy Dissipater Velocities greater than 2.5 times 
existing channel velocity 

Artificial Channel 

Up to maximum 
allowable velocity for 
channel lining 

1 .O to 2.5 times 
allowable channel lining 
velocity 

Velocities greater than 
2.5 times allowable 
channel lining velocity 

Table 6.1 1 Design Criteria for 
Culvert Cut-off Walls 

I I 

~~~ I 42” to 84“ I 4.0 

Standard 6.7.13 Bridge Freeboard Requirements. 
minimum freeboard of 2 feet below the low chord elevation for the 100-year event. 

Bridges shall be designed to have a 

Standard 6.7.14 Bridge Debris Allowance. The structural design of the bridge shall take into 
account the possibility of debris and/or flows impacting the bridge. Design hydraulic modeling of 
bridges shall reflect piers as twice their design width or 1 foot on each side, whichever is 
greater. 

Standard 6.7.1 5 Bridge Design Erosion Requirements. Bridges crossing undisturbed 
watercourses with designated erosion setbacks shall span the lateral migration erosion hazard 
zone. Alternatively, if structural erosion protection is proposed, a comprehensive sediment 
transport analysis that assesses sediment transport in time and space (i.e. dynamic modeling 
consistent with 3 tier analyses identified in Chapter 11 of the H- volume) shall be 
undertaken to support the design and show that there are no adverse impacts to adjacent 
properties. The study may also be required to show that use of a similar design for other 
potential future crossings within limits of a study reach established by the District do not result in 
cumulative adverse impacts within the study reach. 
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Standard 6.7.16 Supercritical Flow Requirements. 

1. For channels functioning in a supercritical flow regime for the design discharge, there shall 
be no reduction in cross sectional area at bridges or culverts, or any obstructions 
(including bridge piers) in the flow path, up to the maximum practical span for the structure 
type as approved by MCDOT. For cases where bridge piers must be constructed 
because of maximum practical span considerations, piers shall be placed in the areas of 
lowest velocity whenever possible. 

Bridge freeboard below the low chord elevation shall be the greater of 2 feet or the 

computed velocity head (- ) for channel velocities. 

2. 
V 2  

64.4 

Additional standards pertaining to culvert and bridges are listed in Section 6.2, Public 
Safety. 

6.8 OPEN CHANNELS 

The following minimum standards will be employed in all designs of engineered open channels 
(does not apply to undisturbed drainageways): 

Standard 6.8.1 Construction Plans. Construction plans for open channel drainage 
improvements are to meet the requirements of Section m. 
Standard 6.8.2 Floodplain Encroachment Requirements. 

1. All channelization and/or floodplain encroachments within FEMA mapped floodplains must 
be designed so that the cumulative effect of all new development the channel serves does 
not raise the 100-year water surface (or energy grade line for supercritical flow) more than 
1 foot. In addition, when determining encroachments of fill or other development, the 
“equal conveyance from both sides of channel” rule shall apply. The 1 foot rise in water 
surface may not come from one side of the channel at the expense of the adjacent 
property owner. In the event that the 1 foot rise criteria will be exceeded, the protection 
levees necessary shall be designed and constructed in accordance with, and certified to 
meet, FEMA and District criteria. A government agency shall also agree in writing to 
maintain the levee system. 

Encroachment and/or stabilization on one bank may result in increased erosion potential 
on the opposite bank. Such adverse effects shall be evaluated and mitigated as a part of 
the design. 

2. 

Standard 6.8.3 Channel Lining Requirements. 

1. Concrete and pneumatically placed concrete lined channels shall be evaluated for the 
need for continuous reinforcement extending both longitudinally and transversely. 
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2. 

3. 

4. 

5.  

6. 

7. 

8. 

Pneumatically placed concrete channels are to be designed to the same structural 
integrity as concrete channels. 

All sloping and flat concrete, pneumatically placed concrete, and soil cement finished 
surfaces shall have roughened surfaces (e.g. embedded rock, grooves, etc.) to 
discourage inappropriate recreational use, or be fenced appropriately. 

The lining for channel bottoms that will require maintenance vehicle access must be 
designed for a minimum of 18 kip axle loads assuming one loading per week for the 
design life of the channel. 

The minimum thickness of riprap linings shall be the greater of dloo or 2.0 times dso. Refer 
to the Hvdraulics volume for determining stone size requirements. The recommended 
maximum stone size is 2 times the dso and the recommended minimum size is one third of 
the d50r or 6-inches, whichever is greater. 

All stones composing the riprap should have a specific gravity equal to or exceeding 2.4, 
following the standard test ASTM C127 and must be angular when not grouted or 
enclosed in wire-tied or gabion baskets. 

Due to erosion and scour of erodible channels and safety concerns with excessively high 
velocities, the recommended upper limit of Froude Number (F,) shall be 2.0. The limiting 
Froude Number for all types of channel linings designed for the subcritical flow regime 
shall be F, < 0.86. For concrete, soil cement, and pneumatically placed concrete lined 
channels designed to function in the supercritical flow regime, the additional range of 
1 .13cF,<2.0 is allowed, provided a sediment analysis is approved that substantiates that 
sediment loading will not change the flow regime from supercritical to subcritical. At 
locations where there are to be planned hydraulic jumps, concrete, soil cement, and 
pneumatically placed concrete lined channels may pass through O.86>Fr<1 .13. No other 
linings may be used in channels that fall in the Froude number range of 1.13 to 2.0. A 
1 00-year floodplain delineation based on subcritical conditions will be required if a channel 
designed to be supercritical may change flow regimes unpredictably due to sedimentation 
issues and flow will exceed the channel banks for the subcritical condition. 

Earthen bottom channels with lined side slopes buried below the depth of expected total 
scour are allowed with supporting engineering justification including sediment transport 
analysis, scour analysis, soil boring logs, and long term watershed yield analysis to 
support equilibrium longitudinal slopes. Riprap, gabions, soil cement, structural concrete 
or pneumatically placed concrete may be used to line side slopes. 

Gabions are not allowed on channel bottoms used for vehicular maintenance access or 
bed load conveyance except at grade control, drop structures, or similar hydraulic 
structures. 

Standard 6.8.4 Design Technical Guidelines. Channels shall be designed consistent with 
the guidelines provided in the Open Channels, Friction Losses in Open Channels, and 
Sedimentation chapters of the volume. 
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(1) For sinuous channels multiply permissible velocity by: 

Standard 6.8.5 Maximum channel velocities will be governed by the following tables: 

0.95 for slightly sinuous; 
0.90 for moderately sinuous; and 
0.80 for highly sinuous. 

Table 6.12 Maximum Permissible Velocities for Unlined Channels 

(USDOT, FHWA, 1961 and 1983) 

Soils Type of Lining 
(Earth, No Vegetation) 

Maximum permissible 
Velocity (‘1, ws 

Fine Sand (noncolloidal) 2.5 

Sandy Loam (noncolloidal) 2.5 

Silt Loam (noncolloidal) 3.0 

Ordinary Firm Loam 3.5 

Fine Gravel I 5.0 

Stiff Clay (very colloidal) 5.0 

Graded, Loam to Cobbles (noncolloidal) 5.0 

5.5 Graded, Silt to Cobbles (noncolloidal) 

Alluvial Silts (noncolloidal) I 3.5 

Alluvial Silts (colloidal) 5.0 

Coarse Gravel (noncolloidal) 6.0 
~~~ 

Cobbles and Shingles I 5.5 

Shales and Hard Pans I 6.0 
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Type of Channel Lining ('I 

Table 6.13 

Channels with Uniform Stand of Various Grass Cover and Well Maintained 

Maximum Permissible Velocities for Grass-Lined Channels 

(Adapted from USDOT, FHWA 1961 and 1983) 

Maximum 
Side Slope, 

H:V (%) 

Cover 

Pneumatically Placed Concrete (3) 

Soil Cement 

Maximum Permissible Velocity, fps 

1.51 (67%) (') 10 

2 : l  (50%) 7(4) 

Bermuda Grass 

Gabion Baskets 

Grass (irrigated & maintained) 

Desert Salt Grass and Vine Mesquite 

(6)  g(5) 

4:1 (16%) 2.5 to 6.0 

5.0 

~ 

Earth 

Lehman Lovegrass, Big Galleta, Purple 
Threeawn, Sand Dropseed 

~~ ~ 

6: l (25%) 2.5 to 6.0 

3.5 

(1) Use velocities over 5 fps only where good covers and proper maintenance can be obtained 
(2) Grass is accepted only if an irrigation system is provided. 

Table 6.14 Criteria for Artificial Channels 

Maximum Velocity, fps 

Structural Concrete I Vertical I 15 

~~ 

Riprap 
~~ I 3:l (33%) I 

Grouted Riprap I 2 : l  (50%) I 
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Table 6.14 Criteria for Artificial Channels 

Maximum 
Side Slope, 

H:V (%) 
Type of Channel Lining (I) Maximum Velocity, fps (2) 

(1) The values in this table are for channel sections with the same lining material for bottom and sides. For conditions 
where the bottoms and sides of the channels are different, the most critical applicable criteria are to be used. 
(2) Maximum velocities listed for erodible linings are to be checked in each design to assure that erosion will not 
occur. 
(3) Pneumatically Placed Concrete is allowed, but must be reinforced per a structural concrete design. Fiberglass 
reinforcement may be used with supporting design calculations. 
(4) Higher velocities for soil cement lined channels/drop structures are acceptable upon submittal of a geotechnical 
analysis that assesses the suitability of the in-situ materials for soil cement applications and presents cement mixture 
specifications for the in-situ soils for the proposed maximum design velocities. The submittal shall be sealed and 
signed by a PE. Velocities greater than 75 fps are not recommended. Energy dissipaters may be required. 
(5) Guideline only. Strict limits have not been set because this manual recommends that these channels be designed 
for subcritical flow. 
(6) Per manufacturer's specifications. 
(7) Channel side slope shall not exceed the soil natural angle of repose. 
Note: The criteria listed in this table are boundary values. The designer is responsible for determining the adequacy of 
criteria for each specific application. For design of lining materials, analyses of soil conditions and subsurface 
drainage may be required. 

Standard 6.8.6 Curved Channel Radius Requirement. For channels with Froude Numbers 
less than 0.86, the ratio of the channel radius, r,, (at the centerline) to the design width of the 
water surface shall be greater than 3.0. 

Standard 6.8.7 Freeboard Requirements. 

1. Required freeboard is computed according to the following formula: 

FB = 0.25(Y+ 5) 
where: 

F6 = freeboard in feet, 
Y 
V 
g 

= depth of flow in feet, 
= velocity of flow in Ws; and 
= acceleration due to gravity in Ws2. 

2. The minimum freeboard value for rigid channels shall be 1 foot for subcritical and 2 feet 
for supercritical flows. The freeboard requirements are to be added to the superelevated 
water surface elevation at channel bends for both subcritical and supercritical flow 
conditions. Using a smaller freeboard in specific cases requires prior approval. Freeboard 
exceeding the minimum standard is strongly recommended in undeveloped or developing 
areas. 
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3. Levees, although strongly discouraged, must meet FEMA and USACE freeboard 
requirements as a minimum. 

In all FEMA jurisdictional floodplains, the greater of the above equation or FEMAs 
freeboard requirement shall prevail for design use. 

Every constructed channel that is capable of supporting vegetation growth is to be 
designed for an appropriate range of n-values in conjunction with an approved vegetation 
maintenance plan. The procedures in Chapter 7, Friction Losses in Open Channels, of 
the Hvdraulics volume shall be followed. The maintenance plan shall include an 
agreement, approved by the County/District, for perpetual maintenance of the channel. If 
this is not feasible, then additional freeboard shall be required. For this case, standard 
freeboard requirements shall be added to the water surface elevation for the design storm 
hydraulics computed using the expected worst-case roughness condition assuming no on- 
going maintenance of vegetation.. 

4. 

5. 

Standard 6.8.8 Minimum Easement Width Requirement for Constructed Channels. A 
dedicated right-of-way, or privately owned drainage tract shall be a minimum of the top width of 
an appropriately sized open channel plus 2 feet contiguous on both sides. If vehicular 
maintenance access is not provided within the channel bottom, add 16 feet of width to the top 
on one side. 

Standard 6.8.9 Minimum Landscape and Maintenance Guidelines. Landscaping and 
revegetation must not impede access for maintenance. The vegetation must comply with the 
design intent of the channel in terms of conveyance and freeboard. Landscaped channels must 
be designed using minimum and maximum expected n-values for the interval between 
maintenance operations, with minimum freeboard as specified above. 

Additional standards pertaining to open channels are listed in Section u, Safety. 

6.9 HYDRAULIC STRUCTURES 

The following minimum standards will be utilized in the design of hydraulic structures: 

Standard 6.9.1 Construction Plans. Construction plans for hydraulic structure drainage 
improvements are to meet the requirements of S e c t i o n m .  

Standard 6.9.2 
50 percent shall be used in the hydraulic analysis of all trash racks. 

Trash Rack Clogging Factor Requirement. A minimum clogging factor of 

Standard 6.9.3 Drop Structure Requirements. 

1. Hydraulic jump analyses shall be conducted for the 2-, I O - ,  and-100-year peak 
discharges, since flow characteristics at the drop vary with discharge. These analyses are 
to be used to support the design of the structure and erosion control measures. 
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2. Drop structures having loose riprap on a sloping face are discouraged for private 
development and prohibited within District right-of-way due to a high failure rate and 
excessive maintenance costs. 

3. Open channels are recommended in lieu of pipes for conveyance of low flows through 
drop structures. Pipes may plug or frequently overtop, leading to additional maintenance 
problems. Pipes, if approved for conveying low flows through drop structures, should be 
no smaller than 24 inches in diameter. 

Standard 6.9.4 Aesthetic Treatment Requirement. Where hydraulic structures are located 
within or adjacent to undisturbed or naturalistic drainageways, the structures should have 
aesthetic treatment to match the surroundings. Trash racks should have an exterior color to 
match the surrounding native soil. 

Standard 6.9.5 Levees. The use of levees is strongly discouraged and must be approved in 
concept by County/District prior to beginning design. Levees shall be designed to meet FEMA 
and USACE requirements for certification by both agencies. 

Additional standards pertaining to hydraulic structures are listed in Section 6.2, Public 
Safety. 

6.10 STORMWATER STORAGE 

The analysis and design of stormwater storage facilities shall be to the following minimum 
standards: 

Standard 6.1 0.1 Construction Plans. Construction plans for stormwater storage drainage 
improvements are to meet the requirements of Section and the DDM (all three volumes). 

Standard 6.10.2 Minimum Design Storm. All new developments, regardless of lot size, shall 
make provisions to retain the stormwater runoff from a 100-yearj 2-hour duration storm falling 
within its boundaries. On-lot retention is permitted (but not encouraged) only if the lots are 
greater than one (1) acre in gross area. On-lot retention is not permitted for lots less than one 
(1) acre in gross area. 

Standard 6.1 0.3 Sediment Storage Requirement. Sedimentation basins, which may be 
required, are to be located at the upstream (inlet) portions of stormwater storage facilities. The 
sediment settling basins shall be easily accessible by maintenance equipment (such as 
backhoes) and should have a minimum storage volume equivalent to the 2-year watershed 
sediment yield, in addition to the 100-year, 2-hour stormwater runoff volume required for the 
stormwater retention basin. 

Standard 6.10.4 Detention Basin Requirements. The use of a detention basin in lieu of a 
retention basin is not allowed without an approved variance in accordance with the Drainage 
Regulations. In the special case when a variance from the requirement to retain the 100-year 2- 
hour runoff volume is approved, the stormwater quality requirements must still be met. In 
addition, post-development peak discharges may not exceed pre-development peak discharges 
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for the 2-, I O - ,  50-, and 100-year storm events for the design of detention basins. First flush 
water quality criteria per Policv 3.6.6 requirements must be met. Possible special cases where 
detention basins may be considered are as follows: 

1. 

2. 

3. 

A major drainageway or watercourse is available to accept runoff from the subject site that 
has sufficient hydraulic capacity to safely convey the 1 OO-year pre-development peak 
discharge. To be approved: 1) watershed timing issues must be studied and determined 
to not be an issue for downstream properties, 2) system sediment balance must not be 
significantly affected, and 3) cumulative impacts of applying such a policy throughout the 
watershed must not be detrimental to public safety or property. 

An approved Area Drainage Master Plan for the area states application of detention 
basins is acceptable. 

Riparian vegetation in a downstream watercourse would be adversely affected by 
application of the retention basin policy. 

Standard 6.1 0.5 Retention Volume Calculations. Retention basin volume calculation shall 
be by the following equation: 

V = .($A 

where: 

V 
C 
P 
A 

= calculated volume in acre-feet, 
= Runoff coefficient (see Section 6.3.2), 
= 100-year, 2-hour rainfall depth in inches; and 
= drainage area in acres. 

Standard 6.10.6 Retention Basin Design Requirements. 

1. Depth. Stormwater retention basins should typically have a maximum water depth of 3 
feet for the IOO-year, 2-hour storm event. Deeper water depths for the design event 
should address safety issues. Refer to Section and the volume. 

Adjacent to Streets. The required stormwater retention volume shall not intrude upon the 
public road right-of-way without the written approval of the governing jurisdiction. The 
basin side slope should not begin closer than 2 feet from back of sidewalk. If there is no 
sidewalk, stormwater retention shall begin no closer than 6 feet from the back of curb. 

Berms. Berms are not to be placed closer than 13 feet from the back of the curb, or 8 feet 
from the back of the sidewalk. Berms are not to be higher than 2-1/2 feet above grade on 
the downhill side. Berms higher than 2.5 feet require a maintenance agreement that is 
approved by County/District. Berms must have a minimum top width of 8 feet. A overflow 
area (emergency spillway) shall be provided in accordance with Standard 6.1 0.14. 

2. 

3. 

4. Side Slopes. Side slopes of stormwater retention facilities are to be no steeper than 4:l 
unless prior approval is received for a steeper slope, considering safety issues and 
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erosion control. Stormwater retention basin sides, edges, or top of slopes should be of 
irregular geometry. 

5. Revegetation. Basins should incorporate native materials (including native stone and 
boulders) and be revegetated in a manner consistent with the engineering intent of the 
facility and conducive to maintenance activities. 

Standard 6.10.7 Within Parking Lots. The maximum depth of ponded water within any 
parking lot location shall be 1 foot. Parking lot retention areas shall not be adjacent to buildings 
and not be sited in travel lanes. No more than 25% of the parking lot area may be used for 
stormwater storage. The minimum longitudinal slope permitted within parking lot storage 
facilities is 0.005 Wft, unless concrete valley gutters are provided. With concrete valley gutters, a 
minimum longitudinal slope of 0.002 Wft may be permitted. 

Standard 6.10.8 Rooftop Storage. Rooftop storage is allowed, subject to all other applicable 
County Building Code requirements. 

Standard 6.1 0.9 Underground Storage. Underground storage is allowed. It shall meet the 
requirements of Standard 6.10. I O .  

Standard 6.10.10 Basin Drain Time Requirement. The design of all stormwater storage 
facilities shall be such that the stored runoff shall be emptied completely from the facility within 
36 hours after the runoff event has ended. The preferred method for draining retention basins is 
by infiltration. The next preferred method is the use of dry wells, or a combination of infiltration 
and dry wells. These options shall be used unless one or both are not possible due to geologic 
constraints and/or aquifer protection or groundwater quality permitting issues. If the use of 
infiltration and/or dry wells is not possible, then disposal options include pumping to an 
approved facility or gravity bleed-off to the existing surface drainage system. Where bleed-off 
pipes are to be used as the primary means of draining a retention-type stormwater storage 
basin, the calculated outlet diameter shall drain the 1 00-year (design) stormwater storage 
volume within 36 hours, but in no less than 24 hours. As a part of the design of the bleed-off 
system, the design engineer shall evaluate and show that discharge flow rate post-development 
times of concentration do not adversely affect downstream peak discharges. Retention systems 
using a bleed-off method shall meet the first flush requirements of policv 3.6.6. The proposed 
diameter of a basin drain pipe should be rounded up to the nearest standard size made by pipe 
manufacturers. The minimum allowable pipe size for primary outlet structures is 18-inches in 
diameter. The maximum bleed-off rate should typically not exceed 1 cfs. To meet this criterion, 
a permanently attached, hinged orifice plate shall be used, in conformance with Figure 8.5 of 
the Hvdraulics volume. Bleedoff time shall be calculated by the Modified PUIS storage routing 
method. Refer to the Hvdraulics manual for example computations. 

The required basin drain time may be extended, with prior approval by the County/District, for 
major storage basins (> 50 acre-feet). Vector control provisions will be one of the requirements 
for approval of an extended drain time. 
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Standard 6.10.1 1 NPDES Requirement. Discharges from stormwater facilities must be in 
compliance with 40 CFR 122, the National Pollution Discharge Elimination System (NPDES), 
and the AZPDES. 

Standard 6.10.12 Permeability Test Requirement For Retention Basins. Field investigations 
shall be performed and shall include percolation tests to obtain permeability rates for use in the 
design of the stormwater storage facility. Procedures used will be accredited methods outlined 
in ASTM D 3385, Double Ring lnfiltrometer (shallow pit percolation testing procedures are not 
permissible). Such investigations will be performed in the receiving layer below the proposed 
basin, and will include borings at least 10 feet deep to assure that the soils underlying the basin 
will not impede infiltration. At least one soil boring and percolation test shall be done for each 
basin, and one soil boring for every 5,000 square feet of proposed basin floor percolation area. 
Additional percolation tests may be required if the soil borings indicate less permeable soils are 
present within the proposed percolation area. The test results are to be de-rated by a factor of 
I O  to allow for future working conditions in the completed retention facility. The tests shall be 
performed by a certified testing laboratory, and the results sealed by a civil or geotechnical 
engineer, licensed to practice in the State of Arizona. 

Standard 6.10.13 Drywells. Drywells shall be designed, operated, and maintained in 
conformance with the most current ADEQ guidelines. ADEQ shallow pit testing procedures are 
to be used for determining initial design percolation rates. The accepted design disposal rate for 
a dry well is not to exceed 0.1 cfs per well unless a greater rate can be supported by a constant- 
head percolation test on a completed well at the site. Should this test reflect a higher value, the 
results shall be de-rated based on the in-situ soil conditions. A de-rating factor of 2 shall be 
applied for coarse-grained soils (cobbles, gravels and sands). A de-rating factor of 3 shall be 
applied for fine grained soils (silts and loams). A de-rating factor of 5 shall be applied for clay 
soils. These de-rating factors are required to compensate for deterioration of the percolation 
capacity over time in addition to providing a factor of safety for silting and grate obstruction. It 
shall be the owner’s, or owner representative’s, responsibility to clean and maintain each dry 
well to ensure that each remains in proper working order. Under no condition shall the regular 
maintenance schedule exceed 3-years. Drywells that cease to drain a retention basin with 36- 
hours shall be replaced or refurbished by the owner or his representative. Additionally, said 
maintenance requirements shall be written in the subdivision CC&R’s where dry wells are used 
to drain retention basins. The maximum allowable rate shall not exceed 0.5 cfs per drywell in 
any case for design purposes. In accordance with ADEQ requirements, the installation of any 
subsurface drainage structure must be located into a permeable porous strata at least 10-feet 
above saturated soils and IOO-feet away from any water supply well. 

Standard 6.1 0.14 Emergency Spillway Requirement. 

1. Emergency spillways shall be provided for all stormwater storage basins. For basins with 
all the design storage volume situated below existing grade (Le. without a bermldam), the 
spillway may be nothing more than grading to ensure that basin overflows will follow the 
downstream predevelopment drainage pattern in a safe manner. Refer to Section u. 
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2. Emergency spillways must be designed to safely convey the peak discharge from the 
storm listed in Emergency Spillway Design Capacity Requirements, exclusive of the 
attenuation effects of the basin. 

Table 6.1 5 Emergency Spillway Design Capacity Requirements 

I For an Embankment Berm/Dam that is not Regulated by ADWR I 
I BermlDam Height 1 Spillway Design Capacity I 
I Hc6f t .  1 Unattenuated 1 OO-year inflow I 
I 6 ft. e= H c 25 ft. I % Probable Maximum Flood I 

where: 

Berm/Dam height is the vertical distance from the lowest point along the downstream 
slope to the crest of the emergency spillway. 

1 OO-year inflow is the unattenuated peak discharge from the pre- or post-development 
1 OO-year 6-hour or 24-hour storm, whichever is larger. 

Refer to Section && for information regarding dams regulated by ADWR. 

3. Emergency spillways shall be designed to convey the design peak discharge and provide 
erosion protection in accordance with the Hvdraulics volume. 

Down-gradient properties are to be protected from flow depths and velocities in excess of 
pre-development conditions. 

4. 

5. A 1 foot minimum freeboard is required between the berm crest and the water surface 
elevation of the 1 OO-year peak discharge in the emergency spillway (without attenuation 
from basin storage), except where the berm crest is designed to function as the 
emergency spillway. 

The finished floor elevation of adjacent structures must be at least 1 .O feet above the 100- 
year peak water surface elevation of the flow passing through the emergency spillway. 

6. 

Standard 6.10.15 Landscaping. Proposed landscaping is to be approved for the stormwater 
storage area prior to the issuance of a grading permit. The landscaping design should show 
accommodation for access by commonly used maintenance equipment. Landscaping 
components should not adversely affect the basin hydrologic and hydraulics functions. 
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Standard 6.1 0.1 6 Maintenance. Stormwater storage basins are to be privately maintained and 
located within a designated drainage tract. 

Additional standards pertaining to stormwater storage are listed in Section &2, Public 
Safety. 

6.11 PUMP STATIONS 

Standard 6.1 1 .I Construction Plans. Construction plans for pump station drainage 
improvements are to meet the requirements of Section m. 
Standard 6.1 1.2 Stormwater Quality Requirement. The requirements of Section 6.4 will be 
met for stormwater discharge from pump stations. 

Standard 6.11.3 Pump Capacity. Pump capacity shall be sufficient to empty the facility within 
36 hours. The requirements of Standard 6.10.10 shall be met. 

Standard 6.1 1.4 Clean Water Act. Pump discharges must conform to the requirements of the 
Clean Water Act or other applicable federal, state and local laws or regulations if discharging 
into a Water of the U.S., a tributary to Waters of the U.S., or into a District or County-owned 
structure. 

6.12 SEDIMENTATION 

Recognizing that sedimentation and sediment transport is either supply or transport control 
driven (see the Hvdraulics volume, Chapter 11, Sedimentation) and that stormwater runoff may 
produce sedimentation or erosion, the following minimum standards are to be applied. 

Standard 6.1 2.1 Construction Plans. Construction plans for scour and erosion protection 
drainage improvements are to meet the requirements of Section m. 
Standard 6.1 2.2 Culvert and Bridge Design Requirements. For arterial, collector, and all- 
weather access streets crossing a distributary flow area or alluvial fan, the following minimum 
standards shall apply for the design of culverts or bridges: 

1. Culverts shall be box culverts, a minimum of 4 feet high (5 feet high is preferred), set to 
equilibrium grade (inverts may be buried a maximum of 6-inches for sediment continuity, 
but the minimum clear opening above the channel invert shall be a minimum of 4 feet) . 
Culverts shall be sized so that the sediment transport capacity of flow does not vary more 
than 5% from the existing condition. 

For adjacent watercourses, separated by less than 100 feet, where the natural grade of 
the watercourses at the culvert inlets are within 12 inches vertically, an equalizer ditch 
shall be placed on the upgradient side of the road, between culverts. The bottom width 
shall be no narrower than 5 feet with side slopes no steeper than 25% (4:l). 

2. 

3. Policv 3.9.7, the requirements of Table 6.7, and Section .7 also apply. 
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6.13 HYDROLOGY AND HYDRAULICS REPORTS (Non-FIS) 

6.13.1 Report Organization 

Hydrology and hydraulics reports for purposes other than flood insurance studies should, as a 
minimum, include the following information: 

Documentation for new and revised hydrology and hydraulic models. 

Design assumptions and parameters for each drainage system component. 

Minimum building pad and finished floor elevations for areas within floodplains and 
backwater ponding from structures or roadway embankments. 

Retention basin design parameters and rating curves. 

If a variance from stormwater retention criteria is being requested, a Stormwater Quality 
Plan documenting permanent stormwater quality features including First Flush provisions 
shall be provided in addition to documentation addressing the variance requirements in the 
Drainage Regulation. 

It is also recommended that a Storm Water Pollution Prevention Plan (SWPPP), as filed with 
ADEQ, documenting recommended BMP’s and recommended BMP locations for the various 
phases of the construction process, be included as a part of the Final Drainage Design 
Report. 

The Table of Contents must be sealed by a Civil Engineer licensed to practice in the State of 
Arizona. The Final Drainage Report should be organized to include sections as follows (as a 
m inimu m) : 

TABLE OF CONTENTS 

1 .o 
2.0 
3.0 
4.0 
5.0 
6.0 

7.0 
8.0 

9.0 

Completed Hydrology and Hydraulics Report General Checklist 
Introduction/Purpose 
Location 
Site Description and Proposed Development 
FEMA Floodplain Classification 
Off-site Drainage Description 
6.1 Background 
6.2 Proposed Offsite Flow Management 
On-site Drainage Design Description 
Hydrology (similar to ADWR SS 1-97) 
8. I Methodology 
8.2 Parameters 
8.3 Results 
8.4 
Hydraulics (similar to ADWR SS 1-97) 
9.1 Methodology 

Confidence Checks and Sensitivity Analyses 
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9.2 Parameters 
9.3 Results 
9.4 Confidence Checks and Sensitivity Analysis 
Stormwater Retention and First Flush Requirements 
Minimum Finished Floor Elevation Requirements 
Stormwater Pollution Prevention Plan (SWPPP) 
Sedimentation and Erosion Hazards Discussion 
Stormwater Permits Requirements (401/404, Floodplain, Right-of-way, 
Stormwater Quality, and other permit requirements) 

10.0 
11 .O 
12.0 
13.0 
14.0 

15.0 Conclusions and Recommendations 
16.0 References 

FIGURES 

Figure 1 Area Location Map 
Figure 2 
Figure 3 FIRM Map 
Figure 4 Off-site Watershed Map 
Figure 5 On-site Watershed Map 
Figure 6 

Site Aerial Photo Map 

On-Site Drainage and Grading Plan 

APPENDICES 

Appendix A 
Appendix B 
Appendix C 
Appendix D 
Appendix E 
Appendix F 
Appendix G 
Appendix H 

Offsite Hydrology Documentation 
On-Site Hydrology Documentation 
Channel Design and Floodplain Hydraulics Documentation 
Street Capacities & Storm Drain Analysis Documentation 
Stormwater Storage and First Flush Documentation 
Stormwater Quality Documentation 
Sediment and Erosion Hazard Documentation 
Digital Data/Model Input and Output Files 

6.13.2 Hydrology and Hydraulics Report Checklists 

Each report should contain the applicable hydrologic and hydraulic analysis checklists shown in 
APPENDIXA, completed as appropriate for the proposed project. 

6.13.3 Additional Report Requirements 

1. Analysis of existing and proposed storm drain and street capacities shall be formatted as 
depicted in the spreadsheet available for use from the Maricopa County website. This 
analysis shall be included in Appendix D to the hydrology/hydraulic report. 

2. Hydrology/Hydraulic reports shall include, but not be limited to, the following items: 
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A. 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

I. 

J. 

Professional engineer seal, signed and dated, on the Title page and Table of 
Contents. 

A drainage map that shows the discharges at points of concentration and clearly 
identifies the existing drainage system. Minimum scale will be 1 inch equals 500 
feet. Where drainage areas are large or otherwise inappropriate, other scales may 
be approved. 

Detailed street hydraulic analysis and storm drain analysis (where required). 

Calculations for the proposed stormwater retention facilities showing storage volume 
required and retention volume provided, and First Flush calculations. If more than 
one facility is proposed, calculations must be separated for each area, and each 
tributary area referenced to its respective stormwater storage facility. Analysis 
confirming basin draining within 36 hours of the end of the design precipitation event 
is required. 

If adjacent land drains into or is diverted around the development, adjacent 
contributory drainage area must be shown and quantified. Size of the adjacent 
drainage area and slope of the land information shall be shown. 

A lined drawing of the proposed drainage system in plan view showing design flow 
and capacity. 

Sufficient information to determine the path of the water entering and leaving the 
project property under pre-development and post-development conditions. Sufficient 
information to show that proposed conditions do not pond water on adjacent 
properties or change the historical flow path and pre-development hydrologic and 
hydraulic characteristics of stormwater leaving the property. 

Typical cross sections of all street classifications. 

FEMA floodplains in and adjacent to the project area as an exhibit or figure. 

Summary of previously prepared drainage reports pertinent to the subject area. 

6.14 HYDROLOGY AND HYDRAULICS REPORTS (FIS) 

6.14.1 Report Organization 

Hydrology and hydraulics reports documenting floodplain delineation studies for approval by the 
District and/or FEMA shall be prepared in accordance with ADWR State Standard 1-97. The 
checklists in Checklist A.2 and Checklist should be used and a completed copy of both 
provided with the submittal. The Technical Data Notebook (TDN) prepared using ADWR State 
Standard 1-97 shall be based on the considerations listed in Technical Data Notebook 
Additional Requirements. 
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6.14.2 Technical Data Notebook Additional Requirements 

The checklist shown in Checklist 
copy included with the submittal. 

shall be used in preparation of the TDN, and a completed 

6.15 GENERAL CONSTRUCTION DRAWING REQUIREMENTS 

Standard 6.15.1 Construction Documents. Construction documents shall comply with 
requirements in the MCDOT Roadway Design Manual for items to be installed or constructed in 
public rights-of-way or easements. 

Standard 6.1 5.2 Preparation by Licensed Professional. All plans for engineered drainage 
improvements shall be prepared under the direction of a Civil Engineer licensed to practice in 
the State of Arizona, and sealed, dated and signed by that engineer. 

Standard 6.1 5.3 Plan Requirements for QlooC50 cfs. Engineered drainage improvements 
designed for flows less than 50 cfs may be shown in plan view with spot elevations, flow 
direction arrows, and typical sections. The plan shall show the horizontal alignment and 
dimensions as well as the type and extent of the proposed work. Other elements from Standard 
6.15.5 may be required. 

Standard 6.15.4 Plan Requirements for Ql00250 cfs. 

1. All drainage improvement plans may be required to contain a plan and profile as well as 
adequate cross sections to describe geometry. 

2. The profile, if required, shall show the following: proposed invert, estimated water surface 
profile, energy grade line, hydraulic jump location and length, original ground at channel 
center line, top of slope, all utilities and structure crossings, and if necessary, top of 
proposed embankment and fill including freeboard as required. 

3. 

Standard 6.15.5 Plan Requirements for QlOo2500 cfs. The following are general 
requirements for drainage improvement plans: 

Other elements from Standard 6.15.5 may be required. 

1. Information to determine drainage patterns. 

2. Information to determine that an adjacent property drainage pattern will not be adversely 
affected. 

3. A HEC-RAS analysis for designed channels and existing washes shall be provided. The 
model characteristics and results shall be submitted in plan and profile at a scale not to 
exceed l”=lOO’. The plan view shall show existing and proposed ground contours, depict 
the exact location of the beginning and end point locations of each cross section, the left 
and right bank station alignments, the limits of defined reaches, and 100-year floodplain 
limits. Profiles shall include the existing ground, design water surface, and the energy 
gradeline. This information is to be provided with the design data sheet(s) from the 
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4. 

5. 

6. 

7. 

8. 

hydrology/hydraulics report. The following data shall also be included in addition to the 
HEC-RAS standard output tables: 

K. Delta water surface elevation change between cross sections. 

L. Left bank freeboard. 

M. Right bank freeboard. 

N. Velocity distribution for each cross section. 

Profiles of storm drains and catch basins and connector pipes shall be provided. These 
profiles shall show gutter elevation, top of curb elevation, catch basin type, depth, size 
and cross-section, connector pipe invert at the catch basin and at the inlet to the main line 
storm drain (as well as any grade breaks), connector pipe size and slope in Wft, and the 
location and size of existing and proposed utilities along the profile and in the vicinity of 
the catch basin. Each catch basin profile shall be labeled by road centerline station or 
main storm drain stationing if different. Profiles shall also include: 

A. The finished street elevation over the storm drain pipe. 

B. The pipe profile and size. 

C. The design peak discharge (cfs) in each storm drain pipe segment. 

D. The velocity (fps) in each storm drain pipe segment. 

E. Appropriate stationing. 

On the storm drain plan sheets, the engineer should show the rim and invert elevations at 
all existing sanitary sewer manholes. 

In plan and profile, existing and proposed underground utilities shall be labeled according 
to size and type. Corresponding alphanumeric labels shall be shown for each utility and 
depicted in the legend. If the utility is an underground conduit, give all the details such as 
number of ducts and whether or not the conduit is encased in concrete. Any utilities to be 
constructed prior to the project shall be shown and so indicated. Conflicts between 
existing utilities and proposed construction are to be identified. Utilities that are 
abandoned or to be abandoned shall be indicated as well as those designated to be 
relocated or removed. The engineer shall contact the appropriate utility if any questions 
arise about types or locations of underground facilities. Existing and proposed 
underground tanks shall also be shown. 

The minimum vertical clearance between a proposed storm drain and all existing utilities 
shall be 1 foot unless otherwise required by the given utility. 

Below ground utilities shall be dimensioned from the road center or monument line. 
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9. 

10. 

11. 

12. 

13. 

Above ground utilities such as power poles, light poles, guys and anchors, irrigation 
structures, utility pedestals, transformers, switching cabinets, gas regulators, waterline 
back-flow prevention units, and other features shall be called out including size and pad 
elevation, and shown in plan, and stationed relative to the adjacent road monument line or 
centerline from the street side face of the utility (e.g. 12+33 R 32’). 

When below ground appurtenances (utilities, monuments, tanks, valve boxes, and other 
features) depicted on As-Built or “Record” drawings can not be field located, they shall be 
shown and labeled as “not found”. 

The following items shall be shown on storm drain plan and profile sheets: 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

New storm drain pipe 

Manholes/Junction structures 

Catch basins 

Connector pipe 

Pipe collars 

Prefabricated pipe fittings 

Other drainage appurtenances (headwalls, trashracks, drop inlets, hand rails, pipe 
supports, etc.). 

Where new street paving work joins existing side streets, pavement crown and gutter 
elevations are required to be displayed and shall be shown in plan view for a minimum of 
100 feet beyond the curb return on the side street intersections. Where new street paving 
work joins an existing street linearly, the existing pavement crown and gutter elevation 
shall be a minimum of 300 feet beyond the new work to ensure proper drainage and a 
smooth ride for vehicular traffic. 

All storm drain plans shall have the following format: 

A. Storm drain designs shall be depicted on single plan/profile sheets. 

B. Main line storm drain plans shall be 1 inch=20 feet horizontal and 1 inch=2 feet 
vertical, unless otherwise approved. 

C. Scales for connector pipekatch basin profiles shall be 1 inch=5 feet horizontal and 
1 inch=5 feet vertical, unless otherwise approved. 

D. Profile sloDes shall be shown in feet Der foot dimensions to four sinnificant fiaures. 
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E. Grade breaks shall be stationed with elevations shown. Station and elevations shall 
also be shown at sheet match lines and at the beginninglend of the storm drain. 

F. Centerline stationing shall be shown on plan and profile. Stationing shall run from 
the low point, or outfall, and increase toward the high point or inflow. Where the 
storm drain is being installed in conjunction with a paving project (i.e. depicted on 
corresponding paving plans), the stationing shall be correlated with the paving 
project stationing . 

G. All plans shall use standard Flood Control District symbols, available on the District 
web site at www.fcd.maricopa.gov, or MCDOT approved symbols. 

H. Final plan sheets shall be 24 inch x 36 inch, ink on mylar. 

I. Letter size on full size drawings shall be 14 point minimum. 

J. Title blocks shall be located in the lower right-hand corner of the plans and shall 
include the title “Grading and Drainage Plans”. 

K. Storm drain diameters shall be shown in plan and profile without reference to 
material type. 

6.16 REFERENCES 

Arizona Department of Transportation (ADOT), lntermodal Transportation Division, 1996, Pipe 
Selection Guidelines and Procedures. 

U.S. Department of the Interior, Bureau of Reclamation, 1988, Downstream Hazard 
Classification Guidelines, Acer Technical Memorandum No. I I .  
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7 REVISION PROCESS 
Maricopa County and the District utilize a multi-disciplinary multi-division committee to review 
and recommend adoption of proposed changes to the Drainage Policies and Standards manual. 
This committee is made up of multi-disciplined professionals in order to best reflect the 
multitude of societal resources influenced by stormwater runoff. Representatives from the 
District, MCDOT, Planning and Development Services, Environmental Services, Parks and 
Recreation, the Flood Control District Advisory Board, and the Planning and Development 
Services Drainage Review Board may serve on this committee to represent the concerns of 
their respective divisions, Maricopa County departments, and elected officials. 

Those seeking changes to policies or standards must make a formal submittal to the committee 
stating the present policy/standard, identifying the proposed change(s), and providing 
comprehensive justification for the change. The committee will convene periodically to review 
requested changes. If proposed changes are found appropriate by the review committee, the 
manual will be revised in draft form, posted on the Planning and Development Service's web 
page (www.maricoDa.aov/olanninq), and notices send out to holders of the manual soliciting 
review and comments. A notice regarding the availability of the new draft document for review 
and comment and the review period will be posted on the web pages listed below. The notice 
will also be posted on the public bulletin boards of Planning and Development Services, the 
District, MCDOT, and Environmental Services, Public review comments received will be 
carefully considered and changes made if appropriate. The revised manual will be forwarded to 
the District Board of Directors and the County Board of Supervisors for approval. 

Amendment application forms are available from the Engineering Division of the District and 
from Planning and Development Services. Six copies of the completed application and 
supporting documents should be delivered to the District or to Planning and Development 
Services. Upon review and certification of a complete submittal, a date will be assigned at 
which time the committee will review requested amendments. 

Planning and Development Services will keep a current list of the representatives from each of 
the departments/programs referenced above who are presently assigned to serve on this 
committee. The current adopted Drainage Policies and Standards Manual will be posted on the 
Planning and Development Services web page (www.maricoDa.aov/danninq). Links to the 
document will be provided on the following web pages: 

District web site ( ). 

MCDOT website (www.mcdot.maricooa.aov). 

Environmental Services website (www.maricoDa.aov/envsvc). 
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8 GLOSSARY 

Glossary terms defined in the and the are 
included herein by reference. 

All Weather Access. Each lot within a subdivision shall have at least one vehicular access 
route which, regardless of street width design classification, provides access to and from the lot 
for private and emergency vehicles during flood events. Such routes are referred to as “All 
Weather Access” routes. 

Best Management Practices (BMPs). Schedules of activities, prohibitions of practices, 
maintenance procedures, and other management practices to prevent or reduce the discharge 
of pollutants to stormwater discharges. BMPs also include treatment requirements, operating 
procedures, and practices to control site runoff, spillage or leaks, sludge or waste disposal, or 
drainage from outdoor storage areas. 

First Flush. The initial or early stages of stormwater runoff from a storm event which commonly 
delivers a disproportionately large amount of previously accumulated pollutants due to the rapid 
rate of runoff. The first flush is defined as the first one-half (1/2) inch of direct runoff from the 
contributing drainage basin. 

Flood Management Map. An official map for Maricopa County on which the District Floodplain 
Administrator has delineated floodplains and other flood related flood hazard zones for the 
purpose of floodplain administration. 

Pollutant. Fluids, contaminants, toxic wastes, toxic pollutants, dredged spoil, solid waste, 
substances and chemicals, pesticides, herbicides, fertilizers and other agricultural chemicals, 
incinerator residue, sewage, garbage, sewage sludge, munitions, petroleum products, chemical 
wastes, biological materials, radioactive materials, heat, wrecked or discarded equipment, rock, 
sand, cellar dirt and mining, industrial, municipal and agricultural wastes or any other liquid, 
solid, gaseous or hazardous substances. 

Major Drainageway or Watercourse. 
minimum of ten (1 0) square miles. 

A watercourse with a contributing watershed of a 

Minor Land Division. The definition from the current version of the Maricopa County 
Subdivision Regulations is used for the purposes of this document. 

Subdivision. 
Regulations is used for the purposes of this document. 

The definition from the current version of the Maricopa County Subdivision 
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APPENDIXA CHECKLISTS 
A.'I PURPOSE 
These checklists are intended for two purposes as follows: 

1. Internal use by County/District employees as a guide for reviewing drainage studies, 
reports and construction plans, including those submitted by the public and prepared 
internally at the County/District and by other agencies. 

2. External use by the public for preparing drainage studies, reports and construction plans 
that will be reviewed by the County/District. 

This should help expedite the review process and help the public better understand what the 
County/District will be looking for when performing a review. These checklists are not intended 
to be applicable for every situation. They are intended to be helpful and not mandatory. 
Checklist items that do not apply to a given situation should have the '"/A box checked. The 
column headed with an "*" should be checked if more information or comments are necessary. 
Additional information and comments should be placed in the "COMMENTS" section provided at 
the end of each table, with the appropriate checklist item number listed at the start of the 
comment. Such additional information or comments may also be provided on additional pages. 

The engineer is encouraged to provide the appropriate checklist as a part of the study or report, 
as shown in Section 6.14 and Section 6.15. The general intended uses for each checklist are as 
follows: 

Checklist A.l: Drainage Design Report General Checklist. Drainage Design Reports for 
subdivision preliminary and final plats, street improvement projects and drainage improvement 
projects. Portions of the checklist may also be appropriate for grading and drainage plans. 

Checklist A.2: Hydrology Specific Checklist. This checklist is to be applied for flood 
insurance studies, drainage planning studies, and for Drainage Design Reports where new 
hydrology calculations or modeling is prepared. 

Checklist A.3: HEC-RAS Hydraulics Specific Checklist. This checklist is to be applied for 
flood insurance studies, drainage planning studies, and for Drainage Design Reports and 
drainage and grading plans where new hydraulic modeling is done using HEC-RAS (preferable) 
or HEC-2. 

Checklist A.4: Technical Data Notebook Checklist. This checklist is to be applied for flood 
insurance studies. 
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A.2 DRAINAGE DESIGN REPORT GENERAL CHECKLIST 
Item I Description 

SECTION I: GENERAL 

1 PROJECT NAME: REVISION NO: DATE: 
SELECT PROJECT TYPE: Preliminary Plat [ ] Final Plat [ ] Street Imp. [ ] Drainage Design [ ] 
Grading and Drainage Plan [ ] Other [ ] 

3 REVIEWED BY: I' 
4 

5 

6 

7 

Q 

Is this a complete drainage report, sealed by a professional Civil 
Engineer currently licensed to practice in Arizona? 
Is the Hydrology Specific Checklist included and completed, if 
appropriate? 
Is the HECRAS Hydraulics Specific Checklist included and 
completed, if appropriate? 
Is this report for floodplain delineation purposes, requiring use of the 
TDN format and checklist? 
Does the report discuss whether the site is in a subsidence area or 

I if there are fissures present? I I I 
I If in a subsidence area or fissures are present, are facilities 

U I 
appropriately sited and designed? 
If a construction project, has an SWPPP been developed and an 
NO1 submitted per ADEQ requirements? 
If a construction project, has a copy of the SWPPP and NO1 been 
included in the report? 
Have all permit requirements been met (ie. Floodplain, Drainage 

2 

lo 

12 Clearance, Right-of-way, Zoning, Stormwater Quality, 4071404, 
etc)? 
Is there a section on Conclusions and Recommendations, and is it 

Are company name, project number, and dates of surveying 
specified? 
Is the report sealed and signed by a professional Land Surveyor 
currently registered in the State of Arizona? 
Are the mapping and map control used in the study fully described? 
Are both horizontal and vertical mapping datums specified? 

3 
4 . .  - 

Are the date of aerial photography, mapping scale, and contour 
interval specified? 

6 Other. 
I I 1 I I 

iECTION 3: DRAINAGE AREA MAP 

1 

2 

3 

Is there a drainage area map at an appropriate scale? 
Is each sub-basin area delineated and uniquely labeled with alpha- 
numeric characters in a consistent manner on the Drainage Area 
Map? 
Are directional drainage arrows shown on all streets, parking lots, 
paved areas, and vacant land? 
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A.2 DRAINAGE DESIGN REPORT GENERAL CHECKLIST 
Item I Description 

I I I I 

1ECTION 5: CULVERTS 
, I Is the application described (ie, roadway classification, design I I I 
I setting, erosion/deposition concerns) 

Is the hydrologic design criteria used described and does it meet or 
exceed the minimum standards? 
Is the number, diameter, length, and construction material specified 
appropriately? (ie, CMP, RCP, or other) 
For existing condition studies, are appropriate n-values assigned for ,, 
pipe condition? 
Are appropriate clogging factors applied for inlets, in conformance 
with the jurisdiction’s requirements? 
Does the culvert design for Qdesign meet the requirements of Table 

-t 

6 
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12 

14 

15 

Maricopa County Drainage Policies and Standards 

Is outlet protection necessary? 

If a low water crossing is specified, are cut-off walls provided along 
the upstream and downstream edges of pavement to limits of flow? 
Is a profile provided for each culvert depicting length, slope, cover, 
road side slopes, design headwater elevation, and any utility 
conflicts? 
Other. 

A.2 DRAINAGE DESIGN REPORT GENERAL CHECKLIST 

1 

3 

5 

Item I Description I YES } NO I NIA I 

Name of structure(s): 

Identify phase of FCD Structures Assessment Program and any 
hydrologic investigations performed as part of the program. 

Specify hydrologic design criteria for reservoir, i.e. SPF, 100-yr. 
Specify inflow design flood for spillway, i.e. 100-yr, or % PMF 
(dependent on hazard classification). 
Other. 

6.7? 
Does the inlet headwater elevation for Qloo meet the requirements 
of Table 6.7? 
Does the flow depth over the road for Qloo meet the requirements of 8 

9 

10 

11 

Table 6.7? 
Does backwater at the inlet overtop adjacent land features and 
drain elsewhere, other than through the culvert? 
Does backwater at the inlet affect adjacent parcels of land, requiring 
ponding easements or establishment of minimum finish floor 
elevations? 
Is the outlet velocity I 15 fDs? 

I 

SECTION 6: RETENTION BASINS 
I I Is the hvdrolooic design criteria used described and does it match I I I I 

I 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 

~ the juriidictio& requiiements? 
Have stormwater storage and first flush requirements been met? 
Are stormwater storage and first flush calculations included and 
documented in the report? 
Does the maximum basin depth meet the jurisdiction's criteria? 
Is an emergency spillway/overflow identified in an appropriate 
location, and adequately protected from scour? 
Are side slopes 4: l  or flatter? 
Are appropriate clogging factors applied for inlets, in conformance 
with the jurisdiction's requirements? 

~~ 

Are debris barriers specified for inlets? 
Are access barriers specified for outlets 18 inches in diameter and 
greater? I I I 1 
Is an upstream siltation basin included if necessary? 
Other. I I I I  

1 -  I I I I 

SECTION 7: FCD FLOOD RETARDING STRUCTURES 

I I I 

SECTION 8: CANALS 
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A.2 DRAINAGE DESIGN REPORT GENERAL CHECKLIST 
Item I Description I YES 1 NO I NIA 

1 Are any canals located within the project boundaries? 
Is a discussion of backwater and overtopping issues provided, and 

, are they adequately addressed? 
3 Other. 

I I I L 

SECTION 9: CONSTRUCTION PLANS 
1 Are all underground utilities identified in plan & profile? 

Is a utility “potholes requested” letter (as needed) for capital 
improvement projects provided? 
Are water, and sewer, and natural gas service taps shown in plan & 
mofile? 

L 

c 
Are all sanitary sewer manhole rim and invert elevations shown on 
plans? 
Is any existing Portland Cement concrete pavement underlay 

Are storm drain conflicts with other utilities identified and 
addressed? 
Have SRP, RID, and private irrigation facilities been checked for 

, shown? 

15 

16 

17 

18 

19 

20 

21 

22 

Is one typical full-street cross-section with storm drain and 
applicable other underground utilities shown to scale on each storm 
drain profile sheet? 
Does the mainline storm drain have a minimum of 5-foot of cover 
(unless otherwise approved)? 
Is the farthest uDstream catch basin located to meet the flow deDth 
criteria in Table’6.7? 
Do all catch basins have a maximum spacing meeting the criteria in 
Table 6.9? . -  .- - . 

Have soil boring(s) extending at least 2 feet below the proposed 
storm drain been taken and shown on the plans or provided in a 
report? 
Are soil boring logs and information including pH and resistivity 
shown on plans or provided in a report? 
Are pipe materials designed to accommodate soil conditions? Do 
existing soil conditions meet requirements for cast-in-place concrete 
pipe or concrete lined corrugated metal pipe? 
Are existing and proposed ground elevations shown for all mainline 

January 11,2007 A-5 



Appendix A Maricopa County Drainage Policies and Standards 

A.2 DRAINAGE DESIGN REPORT GENERAL CHECKLIST 

I I I I 
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A.2 DRAINAGE DESIGN REPORT GENERAL CHECKLIST 
Item I Description I YES I NO I NIA I 

I I I I I 
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A.2 DRAINAGE DESIGN REPORT GENERAL CHECKLIST 
Item I Description I YES I NO I N/A 1 * 

I I I I I 

A.3 

A-8 

NO: DATE: 
SELECT PROJECT TYPE: ADMS[ 1 ADMP 1 1 WCMP [ I FDS [ I Development Review I I Regulatory .. .. .. _ _  - ~~ 

Review [ ] Hydrology Study [ ] Other [ ] 
REVIEWED BY: I 
Are both hard and electronic copies of HEC-1 input and output files included with 
submittal? 
Is the report sealed and signed by a professional Civil Engineer currently licensed to practice 
in Arizona? 
REPORT TITLE: I 
CONS I 1 LTANT - - . . - - - . . .. - . . I 

LIST SOFTWARE, VERSION, and FILE NAMES: 
Is this a CIP PROJECT? I I I 

I 
Is the development located in a flood hazard area? Check Category: Floodway[ ] 
Floodplain:A[] A H [ ]  A E [ ]  A O [ ]  X [ ]  EHZ[ ]  
Is there a section on Conclusions and Recommendations, and is it 
adeouate? - - - - - - - I I I I 

IN 2: HYDROLOGY MAPS 
Is a map provided that shows study area boundary, sub-basin I I I I  
boundaries, and concentration points? I I I I 
Check the sub-basin delineation. Are areas, soil and land use tvpes, I _ .  
and topography homogenous for each sub-basin? 
Check sub-basin areas. Are areas measured correctly? 
Is the naming convention for sub-basins, concentration points, 
routing reaches, reservoir routes, and flow diversions identified? 
Is a map provided that shows time of concentration and hydrograph 
routina oaths? 
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A.3 HYDROLOGY SPECIFIC CHECKLIST 

9 

10 

4 4  

Is the Tc path of appropriate location and length on the map? 
Is the Tc computed using the District's Rational Method computer 

program? 
If so, is a printout provided and do the input parameters match the 
report values? 
If not, check the iterative computations closely for each basin. Are 
they correct? 
Is each Tc value at least 1 O-minutes? 
Is the peak discharge for each basin computed properly and are the 
values reasonable? 
Is the Rational Method being used to compute peak discharges at 
intermediate locations within a drainage area less than 160 acres in 
size? 
If so, is the procedure outlined in Section 3.6.2 of the Hydrology 
Manual followed? 

I f  

13 

l4 

15 

17 I Other. I I I I 
SECTION 4: UNIT HYDROGRAPH METHOD 

1 I HEC-1 JOB CONTROL RECORDS 
I ID record. Are dates, Droiect name, and modeler's name specified? I I a. 

b. 
- 

C. 
- 

d. 

e. 

f. 

Are they consistent with reports? 
ID record. Are model revisions clearly identified on subsequent ID 

I 
I I 

the maximum and minimum values? 
neation if extreme values of T, make 
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A.3 HYDROLOGY SPECIFIC CHECKLIST 

of the largest storm. 
JP record. Is (NPLAN*NRATIO) 45? 
JP record. Is (NPLAN*NRATIO*NQ) e 4800? 
JD record. Are JD records used and applied appropriately? 
JD record. When using JD records for FRS volume computation, 
were the interpolated volumes from each sub-basin used? 

ldentifv the source of rainfall data. Le. NOAA Atlas 2. HMR-49. Is I I I I  
the sohrce appropriate for the study area and type? ' 
PB record. Specifv rainfall depth. Is areal reduction applied I I I . .  

correctly and discussed in the'text? 
PI and PC records. Were PC or PI records checked against the IN 
record? 
PI and PC records. Were PC or PI records checked against 
distribution patterns? 
Are design storm distributions applied correctly? 
Other. I I I 
RAINFALL LOSSES 
Are Green-Ampt loss rate parameters specified and are the selected I I I I  
values for IA, DTHETA, XKSAT, PSIF, and RTIMP reasonable? I I I 
Is the watershed moisture condition assumption described for the I 

Is natural RTlMFassumed to be hydraulically connected, have any 
adjustments been made to the percentages listed for the soil types, 
and are the revisions reasonable and adequately documented? 

A-I 0 January 1 1,2007 



Maricopa County Drainage Policies and Standards Appendix A 

A.3 HYDROLOGY SPECIFIC CHECKLIST 

a' method appropriate? 
b. UC record (Tc). Are T, parameters L, S, and Kb reasonable? 
c. Is Tc 90 minutes for each sub-basin? 

Does T, exceed the duration of rainfall excess for any sub-basin? d' This should be documented in the text. 
e. UC record (R). Is R 2 OSxNMIN? 

UC record (T$. Check against similar sub-basins. Are T, values 
reasonable? 
UC record (Tc). Were Tc values checked to ensure that average 

f. 

f. Are NSTPS generally equal to U(V,, * NMIN)? 
Is NSTEP for each reach within +/- 1 of TT/NMIN, where TT is the 

g. travel time for the reach computed by HEC-I? 
Are transmission losses modeled? If so, is there an acceptable 

h. discussion of the reasons for modeling losses, and the source of the 
I parameters? I I 

. I Are there questionable routing operations identified above that 
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A.3 HYDROLOGY SPECIFIC CHECKLIST 

I .  the rating curves reasonable? 
Is there an acceptable discussion of the basis for estimation of 
storage and outflow parameters in the text, and a discussion of 
reservoir routing results? 

I Are hydraulic computations for diversions done appropriately and I I I I  
"' included in the report? 

Are rating curves for each diversion plotted and included in the 
report? 
Are watershed areas corrected using the HC record where diverted 
hydrographs are recalled into the model? 

C. 

d' 

e. I Other. 
SECTION 5: HEC-1 OUTPUT I 

1 1 ERROR AND WARNING MESSAGES 

a. 
- 

b. 

- 
C. 

~~ ~ ~ 

Are there error or warning messages related to hydrograph 
generation or combination that are not adequately addressed in the 
test, or are critical? 
Are there error or warning messages related to routing that are not 
adequately addressed in the text? Specifically check for peak 
discharge outside of specified range warnings and lack of hydraulic 
capacity for the reach cross-section. 
Have error and warning messages been checked and corrected? 
Are error and warning messages explained adequately? 

d. I Other. I I I I 
2 [ SCHEMATICDIAGRAM 

b. I Other. 1 I 
5 I HYDROGRAPH ROUTING 

a. ] Is outflow peak discharge c inflow peak discharge? I I I 
b. I Is flow contained within x-sections? I 
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A.3 HYDROLOGY SPECIFIC CHECKLIST 

I I I I I 

8 I RUNOFFVOLUMES 

f I Other. I 
SECTION 7: ADDITIONAL COMMENTS 

I 

January 11,2007 A-I3 



Appendix A Maricopa County Drainage Policies and Standards 

A.3 HYDROLOGY SPECIFIC CHECKLIST 

I I I 
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A.3 HYDROLOGY SPECIFIC CHECKLIST 
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A.3 HYDROLOGY SPECIFIC CHECKLIST 
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A.4 HEC-RAS HYDRAULICS SPECIFIC CHECKLIST 

I flow) occur anywhere? 
I Does at least a portion of the flow occupy the channel? 

I I 
2 I 
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A.4 HEC-RAS HYDRAULICS SPECIFIC CHECKLIST 

I I 
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item Description YES NO NIA * 
SECTION 1 : COVER SHEET 

A.5 DRAINAGE REPORT/TECHNICAL DATA NOTEBOOK 
CHECKLIST 

1 
2 
3 
4 

5 

Is the Study Name included, and is it correct? 
Is the date correct? 
Are revision dates included? 
Is the consultant's name (address and telephone number) included? 
Is the District's contract number included? 

2 

4 

I /Are the cover and Table of Contents sealed bv a professional Civil I I I I 

Are all of the input and output files for all computer models used 
included on CD? (mandatory) In general the input files shouldn't be 
zipped, but if space is a problem it is acceptable to zip the output files. 
Is the CD labeled with such items as the study name, contract number, 
consultant's name, date, general description of what is on the CD, the 
names of all the watercourses studied or the names of all the files on 
the CD? (mandatory) 
Is a "README" file included on the CD, and in ASCII text file format? 

I 1 /Is the document prepared in accordance with ADWR SS 1-96? I I 
, survey notes and data are included, are 
Land Surveyor currently licensed to 

hange, therefore printouts of the models must be 

Are electronic copies of the hydrologic and hydraulic models included 
on CD? (mandatory) CDs are the only acceptable mediums at this I 1 lime. 
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A.5 DRAINAGE REPORT/TECHNlCAL DATA NOTEBOOK 
CHECKLIST 

item Description YES NO NIA 

I Does the minimum information in the “README” file include: Name 1 I I I 
and address of study contractor; name, county and state of the 
community; name of the hydrologic/hydraulic computer program used; 
and the name of each input and output file including a model 
description, stream name and date of creation? The consultant should 
include additional information as is necessary. 
Is a printed copy of the “README” file located in the TDN next to the 
CD?(mandatory) 
In the case of multiple models, is a simple line diagram included 
depicting the relative location of the models to each other? 
Are all file names unique to the project, and worded in a manner 
related to the project and the scenario(s) being modeled? File names 
like a, b, c, job 1, floodplain, and FIS are not acceptable types of 
names and their use should be avoided. 
Has the consultant included on the CD scanned images of the final 
(signed and sealed) drawings or exhibits, original CAD files, the TDN 
in electronic format, and any other electronic files the consultant may 

1 

* 

have generated? (not mandatory, but preferred) 
SECTldN 5: “ADDITIONAL COMMENTS _ _  
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Item Description YES 

A.5 DRAINAGE REPORT/TECHNICAL DATA NOTEBOOK 
CHECKLIST 

NO NIA * 
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APPENDIX B STANDARD 
DRAINAGE EASEMENT 

B.l PURPOSE 
The purpose of this appendix is to provide standard drainage easement language for 
conformance with Policv 3.1 3.3 and . The user is advised to consult with legal 
counsel for the purpose of addressing individual issues specific to their situation. Drainage 
easements SHALL NOT be dedicated to the public, Maricopa County, or the Flood Control 
District of Maricopa County. 

8.2 STANDARD DRAINAGE EASEMENT 
For good and valuable consideration, receipt of which is hereby acknowledged, that - 
ENTER TRUST NAME AND NUMBER , AS OWNER (“DECLARANT”), hereby 
creates, conveys, and assigns to SUBDIVISION NAME HOMEOWNERS’ 
ASSOCIATION, AN ARIZONA NON-PROFIT CORPORATION (’’HOA), a drainage easement in 
perpetuity over and across that portion of the real property more particularly described hereon 
which is designated as a “Drainage Easement” hereon this final plat map. 

HOA as the owner and holder of the Drainage Easement shall have the right (I) to access same 
at any time, and from time to time, without the permission or consent of the owner of any 
underlying fee interest of the property encumbered thereby or any third party, (11)  to remove 
from or change the location of any obstructions within the Drainage Easement in order to 
promote and enhance such area as a channel for flood waters and natural runoff, (Ill) to trim or 
remove vegetation growing therein, (IV) to grade, excavate, channel or otherwise change the 
ground surface therein as may be required from time to time to maintain the drainage easement 
as a channel for flood waters and natural runoff, (V) to construct and maintain within the bounds 
of the drainage easement such drainage ways or other flood control structures or devices, as it 
may deem necessary or appropriate from time to time to utilize the drainage easement for flood 
control purposes, (VI) to install riprap and such other erosion control devices that may be 
appropriate from time to time in the drainage easement, and (VII) to take any and all such other 
actions and make any and all such other improvements as it may deem appropriate from time to 
time to promote the health, safety and general welfare. 

No portion of the land included within the Drainage Easement as shown in final plat hereto shall 
hereafter be used by DECLARANT or any successor or assign in the ownership thereof to 
construct or maintain any wall, fence, building or any other above ground structure, except that 
with the prior written consent and approval of both the HOA and Maricopa County, 
ENTER TRUST NAME AND NUMBER , and its successors and assigns as 
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the owners thereof may from time to time install riprap or other flood control devices provided 
the plans for such improvements have been specifically approved and authorized in writing by 
MARICOPA COUNTY in its sole and reasonable discretion prior to the construction or 
installation thereof. Any such device or structure placed by an owner in the drainage easement 
area shall thereafter be maintained in a state of good repair by an owner of the property where 
such device or structure is located. No portion of the land included within the drainage 
easement as shown in final plat hereto shall be used by DECLARANT or any successor or 
assign in the ownership thereof as the site for any septic tank. No landscaping plants or 
materials shall be placed by DECLARANT or any successor or assigns in the drainage 
easement, except for maintenance of native plant material now existing therein, unless such 
landscaping plants and materials are reflected on a landscaping plan that has been submitted to 
and specifically approved and authorized in writing by MARICOPA COUNTY in its sole and 
reasonable discretion prior to installation thereof. 

If at the time of the recording of the final plat for the real property more particularly described on 
final plat hereto the boundaries of the “Drainage Easement” as shown on the preliminary plat 
attached hereto as final plat shall have been changed or modified in any fashion, then, with the 
prior written consent and joinder of HOA, and the prior written consent of MARlCOPA COUNTY, 
the Drainage Easement created hereby shall be modified and amended to conform to the 
boundaries of the Drainage Easement as shown on such final plat, such amendment to become 
effective upon the execution and recording of a written amendment hereto executed by 
DECLARANT, HOA, and MARICOPA COUNTY. 

The Drainage Easement created hereby is and shall be a covenant that runs with the land 
encumbered hereby in perpetuity, but it is and shall remain an easement in favor of HOA and 
shall not be construed or interpreted to a dedication in favor of the public or any party other than 
HOA. No change, modification or amendment to this Drainage Easement shall be effective 
without prior written consent and agreement of both HOA and MARICOPA COUNTY. 
MARICOPA COUNTY may require any action or impose any restriction that MARICOPA 
COUNTY considers reasonably necessary to meet the district’s obligations, if any, to comply 
with local, state or federal water quality laws. 

8.3 
DEDICATION 
DRAINAGE EASEMENTS AMONG OWNERS: Drainage Easements Among Owners: Wherever 
drainage flows from one lot onto, under or through one or more lots, said drainage flow shall not 
be impeded, diverted or otherwise changed. No wall, fence, building or any other above ground 
structure shall be erected within the defined drainage easements as depicted on the final plat. 
No vegetation shall be planted within the drainage easements, which might impede the flow of 
flood waters or natural runoff, nor shall any lot owner alter the grade within the drainage 
easement. 

FINAL PLAT DRAINAGE EASEMENT MAINTENANCE AND 

MAINTENANCE: Drainage easements as shown on the final plat for (name of subdivision), are 
for the collection and conveyance of stormwater from off-site and on-site drainage sources. The 
owners of lots within (name of subdivision) that abut drainage easements platted hereon shall 
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be jointly and severally responsible for maintaining said easements in a clean and debris-free 
condition, such that stormwater flows from upstream sources and from on-site sources shall not 
be slowed, impeded, redirected or diverted from said drainage easements. In the event the 
maintenance of any drainage easement requires expenditures of funds, then each owner 
abutting said easement shall contribute to the cost of such maintenance on a prorated basis. In 
the event the need for maintenance within any drainage easement is the result of actions or 
failure to act by a lot owner or lot owners abutting said easement, then the cost of such 
maintenance shall be borne solely by the abutting lot owners who brought about the need for 
the maintenance. Failure by any lot owner abutting a drainage easement to contribute his or her 
share of the costs of maintaining said easement shall entitle the other lot owners or any 
individual lot owner to enforce, by any proceeding at law or in equity the maintenance of said 
drainage easement. In the event a property owners association is formed, the maintenance of 
drainage easements platted hereon shall be assumed by the property owners association. 

DEDICATION: Easements are provided hereon in the above-described premises as shown. 
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Channe1:Froude number, 6-40 
Channekgrass-lined, 6-39 

AZNPDES, 2-1 

BMP, 4-19 

47 
6-35, 

Channekideal, 2-15 
Channel:improved, 2-1 5 
Channekinterceptor, 2-16 
Channe1:landscape character, 3-1 2 
Channei:landscaping, 6-41 
Channe1:low flow, 2-1 5 
ChanneLmaintenance, 4-1 4 
Channekmaintenance access, 3-14, 6-4 
Channe1:maximum velocity, 6-35, 6-38, 6-39 
Channe1:minimum easement, 6-41 
Channeknatural, 2-1 56-35 
ChanneLopen, 2-14, 2-15,2-17, 3-11, 6-36, 6-42 
ChanneLpermit requirement, 5-3 
Channekplan requirements, 6-51 
Channekradius requirement, 6-40 
Channel:shotcrete, 6-37 
Channe1:side or interior drainage, 3-12 
Channel:sinuous, 6-38 
Channel:slope, 2-1 6 
Channekstability requirements, 6-34 
Channel:supercriticaI, 6-36 
CLOMA, viii, 4-7 
CLOMR, viii, 4-7 
CLOMR-F, viii, 4-7 
CMP, viii 
Concrete, 6-4, 6-30, 6-33, 6-34, 6-37, 6-39, 6- 

CRS, viii, 4-3 
Culvert:design, 6-33, 6-34, 6-35, 6-47 
Cu1vert:design considerations, 2-1 7 
Culvert:encroachments, 2-1 6 
Culvertpolicies, 3-1 1, 3-14 
Culvert:standards, 6-7,6-32, 6-34, 6-36, 6-47 
Dams:authority, 4-21 
Dams:emergency spillway rquirements, 6-46 
Dams:height, 6-46 
Dams:jurisdictional, 4-21 
Degradation, 2-14, 6-34 
Design storm, 6-6, 6-33, 6-42 
Distributary flow, 3-9, 6-47 
Drainage Design Manual, 1-1, 1-2, 1-3, 3-5, 3-9, 

Drainage Design ManuakErosion Control, u, 

44, 6-52 

3-11, 3-12, 6-1 

1-3, 3-1, 3-6, 3-16 
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Appendix 6 Maricopa Comfy Drainage Policies and Standards 

Drainage Design Manual:Hydraulics, 1-1, 1-2, 1- 
3, 2-14, 3-1, 3-5, 3-8, 3-11, 3-12,6-1, 6-34, 6- 
35, 6-37, 6-47 

Drainage Design Manual:Hydrology, 1-2, 1-3, 2- 

Drainage:facilities, 1-1, 1-3,2-2, 2-3, 2-12, 2-17, 

Drainage:regulations, 1-3, 1-4, 3-13 
Drainageway:aesthetic treatment requirements, 

Drainageway:culverts and bridges, 3-1 1 
Drainageway:design standards, 3-4 
Drainageway:design storm criteria, 6-7 
Drainageway:erosion during construction, 3-1 5 
Drainageway:major, 6-43 
Drop structure, 6-37, 6-40 
Drop Structure, 6-4, 6-41 
Dry wel1s:design disposal rate, 6-45 
Dry wells:permits, 4-23 
Dry wells:standards, 6-44, 6-45 
drywell, 4-22, 6-45 
EPA, viii, 4-1, 4-2,4-154-18, 4-1 9 
Equilibrium slope, 6-37, 6-47 
Erosion, 3-6 
Erosion:alluvial fan, 3-10 
Erosion:control, 3-6, 3-15, 6-41 
Erosion:effects of, 2-1 1, 2-12, 6-6 
Erosion:hazard, 1-3, 2-4, 2-8, 2-12, 6-1, 6-49 
Erosion:hazard zone, 2-5, 2-14, 2-15, 3-9, 6-35 
Erosion:management, 2-12, 3-6, 3-9, 3-14 
Erosion:manual, 3-6, 3-16 
Erosion:policies, 3-6, 3-8, 3-1 1, 3-16 
Erosion:processes, 2-1 1 
Erosion:setbacks, 2-1 5, 3-3, 3-9, 6-35 
Erosion:standards, 6-35, 6-36, 6-40, 6-47 
Exceptions, 1-2 
FEMA, viii, 2-6, 2-8, 3-6,3-8, 4-2, 4-3, 4-4,4-7, 

14, 3-1, 3-5, 3-8, 3-9, 3-11, 3-12, 6-1,6-7, 6- 
12 

3-3, 3-4, 3-11, 3-13, 3-14, 3-15, 5-2, 5-3, 6-1 

6-42 

4-8, 4-9, 4-10, 6-23, 6-24, 6-36, 6-41, 6-48, 6- 
50 

FHWA, viii, 6-38, 6-39 
FIRM, viii, 2-13, 4-3, 4-7, 6-49 
FIS, viii, 4-8, 6-48, 6-50 
Floodplain:alluvial fan requirements, 4-9 
Floodp1ain:analysis requirement, 2-1 6 
Floodplain :defined, 4-4 
Floodplain:documenting, 6-50 
Floodplain:fees, 4-9 
Floodplain:information, 4-1, 1 
Floodplain:management, 3-2, 3-6, 4-3, 4-8, 5-2 
Floodp1ain:management ordinance, 4-3 
Floodp1ain:Non-FEMA, 3-8, 4-10 
Floodplain:regulations, 1-3, 1-4, 4-2 

Floodplain:storage, 2-1 5 
Floodp1ain:use permit, 3-14 
Floodplain:variances, 4-9 
F1oodway:construction in, 4-8, 4-9 
Floodway:defined, 4-4 
F1oodway:Non-FEMA, 3-8 
Floodway:requirements, 3-3 
Floodway:revisions, 4-8 
Gabions, 6-37,6-39 
Grade control, 6-37 
Grass, 6-39 
Health, 1-2, 3-11, 3-13, 3-15, 5-2 
Hydraulic jump, 6-37, 6-41, 6-51 
Inverted crown, 3-11 
Jurisdictional:dam, 4-21 
Jurisdictional:delineation, 4-1 2 
Jurisdictional:floodplains, 6-41 
Jurisdictional:limits, 4-4 
Jurisdictional:waters, 2-9, 4-1 I 
Lateral migration, 2-14, 2-15, 6-35 
LOMA, viii, 4-7 
LOMR, viii, 4-7 
LOMR-F, viii, 4-7 
MAG, viii, 2-8,6-29, 6-32, 6-35 
Maintenance:cost, 2-1, 2-2, 2-14, 2-17 
Maintenance:design considerations, 2-9 
MaintenanceAong-term, 2-9, 2-1 4, 2-1 7 
Maintenance:minimizing, 2-1 1, 2-1 5 
Maintenance:requirements, 2-16 
MCDOT, ix, 2-8 
MCPRD, ix 
MSGP, ix, 4-19 
NFIP, ix, 3-6, 4-2,4-3,4-8,4-9, 4-70 
NOI, ix, 4-16, 4-17, 4-19 
NOT, ix, 4-18 
NPDES, ix, 2-1, 4-2, 4-13,4-15,4-18, 6-45 
NRCS, ix, 2-8, 2-9 
Open channel, 2-11, 2-14, 2-17, 3-11, 6-41, 6-42 
PDSD, ix 
Permit:agencies, 4-1 
Permitaquifer protection, 4-2, 4-23 
Permit:drainage facilities, 5-2 
Permit:dry well, 4-23 
Permit:drywell, 4-2 
Permkfloodplain encroachment, 4-7 
Permit:floodplain use, 3-14 
Permitgrading and drainage, 5-2, 6-46 
Permitgroundwater, 4-2 
Permit:jurisdictionaI dam, 4-21 
Permit:NPDES, 4-2 
Permit: process, 4-4 
Permitsand and gravel mning, 3-14 
Permit:Section 401, 2-16, 4-2, 4-12 
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Maricopa County Drainage Policies and Standards Index 

Permit:Section 404, 2-9, 2-16, 3-15, 4-2, 4-11, 

Permitstorm water, 5-2 
permits, 4-16 
permitting, 4-1 5 
Pipe:basin drain, 6-44 
Pipe:bleed-off, 6-44 
Pipe:connector, 6-30, 6-32, 6-52 
Pipe:cut-off wall requirements, 6-34 
Pipe:fittings, 6-32 
Pipe: headwall requirements, 6-33 
Pipe:laterals, 6-26 
Pipe:manholes, 6-32 
Pipe:minimum size, 6-44 
Pipe:permit requirement, 5-3 
Pipe: profile requirements, 6-29 
Pipe:soil boring requirements, 6-31 
Pipe:stationing, 6-29 
Pipe:storm drain, 6-29 
Pipe:supports, 6-53 
Planning, 1-1, 1-3 
P1anning:alluvial piedmonts, 2-1 4 
Planning:approach, 2-1 5 
Planning:benefits, 2-2 
Planning:drainage, 2-2, 2-3,2-8,2-9, 3-3 
P1anning:flood damages, 2-2 
Planning :land, 2-2 
Planning:maintenance, 3-14 
P1anning:multiple uses, 2-3 
P1anning:open space and recreation, 2-2,2-I 2 
Planning:philosophy, i, 1-1, 1-3, 2-9, 4-12, 1 
Planning:policies, 3-2, 3-3, 4-1 I 
Planning:process, 1-3, 2-14 
Planning:regional, 2-4 
P1anning:storm water, 5-2 
Planning:subdivision, 2-2, 2-5, 2-1 6, 3-3 
Planning:transportation, 2-2 
Planningurban, 2-2 
PMR, ix, 4-7 
pneumatically placed concrete, 6-4, 6-36, 6-37 
Pneumatically placed concrete, 6-37 
Pneumatically Placed Concrete, 6-40 
Rational Method, 6-7 

4-12, 4-14,4-15 
RFE, ix 
Riprap, 6-35,6-37, 6-39, 6-42 
Riverine, 3-9, 4-10 
RUSLE, ix, 4-17 
Safety, 1-2, 2-5, 2-9, 2-11, 2-12, 2-14, 2-16,2- 

17, 3-10, 3-11, 3-12, 3-13,4-9, 4-21, 4-22, 5- 
2, 6-1, 6-4, 6-6, 6-37, 6-43 

Scour, 2-17, 3-14, 6-34, 6-37 
Sediment:transport capacity, 6-47 
Sedimentation, 2-14, 2-17, 3-6, 3-1 1, 3-12, 3-14, 

SFHA, ix, 4-3,4-7, 4-8,4-9, 4-10 
Sheet flow, 3-4, 4-4, 4-10, 6-28 
Soil cement, 6-4, 6-37 
Soil Cement, 6-39 
Soils, 3-15, 6-7, 6-31, 6-38, 6-40,6-45 
Storm water:management, 1-3 
Storm water:policies, 3-12 
Storm water:standards, 6-44,6-50 
storm waterstorage, 6-44, 6-50 
Storm water:volume, 6-7 
Streetdrainage patterns, 2-2, 2-17 
Street:drainage policies, 3-2, 3-10 
Streetdrainage standards, 6-18, 6-1 9, 6-26,6- 

Streetplanning, 2-2 
Structural concrete, 6-39 
SWPPP, ix, 4-1 7, 4-1 9 
TMDL, ix, 4-17 
USACE, vii, ix, 2-8, 2-9 
USBR, ix, 2-8 
USFS, ix, 2-9 
Velocity:excessive, 2-1 4 
Velocity:maximum, 6-30, 6-38, 6-39 
Velocity:minimum, 6-30 
Velocity:policies, 3-1 0 
Velocity:standards, 6-29, 6-30,6-34, 6-35, 6-36, 

Waters of the United States, 2-9, 2-10, 4-11,4- 

Watershed, 2-4, 2-8, 4-7, 6-37, 6-42, 6-43, 6-49 
WCMP, ix, 2-4, 2-5, 2-8, 2-12, 2-15, 3-3 

6-5, 6-34, 6-37, 6-42 

43, 6-47, 6-49, 6-50, 6-53 

6-38, 6-39, 6-40, 6-43 

13, 4-14 
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CONSTRUCTION / 2- 1-i~- I 0 
COMPLETION DATE: WORK AUTHORIZATION NUMBER: 

6. 

1 * "''3 '7 

TIME STARTED 

TIME FINISHED 

PIPE DIAMETER 

FOOTAGE TESTED 

ALLOWABLE LEAKAGE 

LEAKAGE OBSERVED \ 

PRESSURE AT TEST POINT 

COMPANY EMPLOYEE OBSERVING TEST (print) 

INITIALS OF EMPLOYEE 

DISINFECTION SAMPLING: 

INITIAL SAMPLING DATE 

(minimum 50 ppm available chlorine) TIME 

PPM GI1 

DATE AFTER 24 HOURS DETENTION TIME 

(minimum I O  ppm free chlorine) TIME 

PPM Clr 

AFTER SUFFICIENT FLUSHING DATE 

(water is clear and system Cl2 TIME 

PPM Clt  
residual is measurad) 

BACTERIOLOGICAL SAMPLE(S) DATE 

TIME 

ATTACHED Yes No O Y e s  ON0 

. 
O Y e s  U N O  & 

I certify that construction on the above Work Authorization was completed as of the date shown above and for which all materials have been accounted. 
I further certify that I have inspected the work done and have found it to be satisfactory and in accordance with Company specifications. 

. . .  -&aslsRMarageror Operations Superintendent (signature) Date of Notice 

1/15/09 I FKSafh I E-5-4-1 \\FSOl\PUBW07 TEMPLATES\ENGINEERINGE-S-&1 CONSTRUCTION COMPLETION NOTICE.DOTX I 12/18/10 



i 

._c- i 

y 







I 
I 

I COMPANY 

I 

CONSTRUCTION 
COMPLETION DATE: 

1 1 r 

- /J% 4 0 
WORK AUTHORtZATION NUMBER: 1 / * ’ 

lTZPUmn 
THE FOiiOWiNG RECORD REQUIREMENTS ARE ATTACflED: 
1. CONSTRUCTION DRAWINGS WITH “AS BUILT’ LOCARON OF PIPE, FTTTINGS, ETC. MARKED IN 
RED ............................................................................................................................................................... 5 \< k g 6  6 2. 

2. VALVE CARDS .............................................................................................................................................. 
U P  

3. HYDRANT CARDS WITH COPY OF COVER LEnER ................................................................................ 

4. MATERfALS INSTALLED OR RETIRED LISTED ON THE REVERSE SIDE OF THE W.A. WITH R.O.S. 

5. PRESSURE AND LEAKAGE TEST RESULTS: 
AND P.D.R. NUMBERS ................................................................................................................................. &A- 

t 

DATErrmED 

TlME STARTED 

nME FINISHED 

PIPE DIAMETER 

fOOTA6E TESTED 

MLOWABLE LEAKAGE 

LEAKAGE CJSERVU) 

PRESSURE AT TEST POINT 

COMPANY E)U(PCOYEE WEWING TEST (prlnl} 

WITIALS OF EMPLOYEE 

6. DISINFECTION SAMPLING: 

MlTW SAMPLING, DATe 

(minimum 50 ppm svallable chlorine) nra 

PPbI CI, 

MfL 

N(E 

PPu Cb 

AFt‘ER 24 HOURS DEIWllON TIME 

(minimurn 10 ppm free chlorjne) 

AFTER SUFFICIENT FLUSHING 
(water is clear and system Clz 
residual is measured) 

BACTERlOLOGlCAl. SAMRE(S) 

MTE L 

I certify that cmstwtion on tha above work Authorization was completed as of the date shown above and for which all materials have been accounted. 
I further certiy that I have Impeded the work dons and have found It to be satlsfadoty and In accordance with Company speclflcetions. 
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W A  NUMBER 

P E  NUMBER 
ARIZONA WATER COM 

WORK AUTHORIZATION BUDGET ITEM NO 

IIVISION: PHOENIX 
-AX CODE: 6850 

1-4522 
PX-0397 

1-45: 

UPON AUTHORIZATION 
WITHIN 90 DAYS 

WORK TO START BY: 

WORKTO BE FINISHED BY: 

SHEET NO 1 oi 
SYSTEM PHOENIX I I  

:OST OF WORK: 

AATERIAL C 

Replace Cooling System and Air Handler. (Phase 2 of 2). Construct in accordance with attached drawings andlor 
Arizona Water Company specifications. 

ACTORS JUSTIFYING WORK 

APPROVED 2008 BUDGET ITEM $134,157 -AMOUNT SPENT IN 2008 $80,113.24 
AMOUNT SPENT IN 2009 AFUDC $6,850.95 
APPROVED 2010 BUDGET ITEM $70,000 

.ABOR I C .................................................................................... 
:ONTRACT PORTION .................................................................................... 
.................................................................................... IVERHEAD 
.OTAL AUTHORIZED EXPENDITURES 
>HARGEABLE TO THIS W.A. 74,278 
UNDS RECEIVED: 

................................................................................... :ONTRIBUTIONS RECEIVED 

lEFUNDABLE ADVANCES RECEIVED 

OTAL CONTRIBUTIONS/ADVANCES 

................................................................................... 

................................................................................... 
IET CASH REQUIRED 74,278 

3MMENTS: 

L FILE COPY 

AUTHORIZATION I DATE 

B I 
William Garfield I 

1 

CONSTRUCTION RELEASE: 

RELEA ED TO 
CONSTRU 

T 
AFH 

WA 1-4522 Cooling Ssytem - Rerelease 2010.~1s~ ~2/4/2010 03/26/081 MRL:afh I WA.XLS 



W.A. NUMBER: 

P.E. NUMBER 

PLANT PROPERTY ACCOUNT UNIT DESCRIPTION QUANTITY YEAR INSTALLED AND W A NUMBER 

R E T I R E M E N T  
P R O P E R T Y  9321 Cooling System 1 UNKNOWN 
U N I T S  

ON 

1-4522 
PX-0397 

Install 60 ton Chiller and all appurtenances 
Ship Equipment from Oracle warehouse to Phoenix 

- 

932.1 
932.1 1 435.00 

1 $ 67,522.84 F431( 67,523 

Replace Cooling System and Air Handler (Equirnent purchased in 2008) (Phase 2 of 2) 

I 

R -  
A 
C .,. 

I DESCRIPTION I PLANTPROPACCT I QUANTITY I UNITCOST 11 TOTAI II 

- r  

W 
0 

I I 
I 

I I I 

0 N L I I I I I I  

.. 
SERVICE CONNECTIONS COMPLETE: DOUBLE-LONG 

SERVICE CONNECTIONS COMPLETE: DOUBLE-SHORT 

SERVICE CONNECTIONS COMPLETE: SINGLE-LONG 

345 
345 
345 

I I I I I I l I  

'OTAL CONTRACT WORK 

I I I I - 
K l  I I I I I  1 1  

M 
A 
T 
E 

L 

ISERVICE CONNECTIONS COMPLETE: SINGLE-SHORT I 345 I I II 11 

R 
I 
4 
I 

_ _ _ _ ~  

SERVICE CONNECTIONS: DOUBLE-LONG 345 
SERVICE CONNECTIONS. DOUBLE-SHORT 345 
SERVICE CONNECTIONS: SINGLE-LONG 345 

4 
3 ' ' 

I I, II 

TESTINGFEE 

PERMITFEE 

SURVEY FEE 

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 

L ,-- II 

s SERVICE CONNECTIONS: SINGLE-SHORT I 345 1 I 
METERS 346 

OTAL MATERIALS 

I I I I 

DTAL LABOR 

UBTOTAL - CONTRACT WORK, MATERIALS, AND LABOR 

VERHEAD 

DTAL REFUNDABLE PORTION 0 NON-REFUNDABLE PORTION 0 COST ESTIMATE 
H 

67,958 

$ 

$ 

WA 1-4522 Cooling Ssytem - Re-release 2010 1 2/4/2010 03/26/08 I JTWafh I WADS.XLS 



Chiller Operational Analysis 

Arizona Water 
3805 N. Black Canyon Hwy 

Phoenix, A 2  85015 

c 

PREPARED BY: 

- -  
5035 S. 33rd Street 
Phoenix, A 2  85040 

David Joslyn, Certified Energy Manager 

February 2008 



The objective of this report is to analyze the existing chiller's operation compared to 
three possible replacements. The current chiller is a 60-ton McQuay unit that is at the 
end of its serviceable life and needs to be replaced. The three replacement options are a 
Cawier, York, and another McQuay. The installation has some size constraints and 
which limits the replacement. 

To understand the chilled water load, a computer model was run of the chiller load based 
on outside air conditions. Since the buildings' only significant variable of the cooling 
load is the outside conditions, the model was easily created. Below, is a three- 
dimensional model illustrating how the chller load varies fiom month to month with the 
outside air conditions. Utilizing hourly weather data collected, we can see when and how 
large the chiller energy consumption is during the summer. In addition, we can identify 
that the chiller might be utilized in every month do to Phoenix's weather conditions. 

Current Chiller Load Profile 

550O-fiODO 

ci 4500-5ODQ 
4009-4500 

0 35004O-OO 
0 JOOD-3500 

2500-3000 
2000-2500 
150)0-2000 
1 OU0-1500 
500-1000 
0-5DD 

rn 5000-5500 



~ - 

Displayed below, is a surface model of the chiller load, which easily identifies times 
during the year where mechanical cooling is needed most. There is moderate use fiom 
November through April and anytime from May through October it is possible for the 
chller to experience very high loads. 

Existing Chiller Load Surface Model 

r Outside Air Temp 
'7?s 

Energy Useage 

Once the model is created, it is easy to see how different chillers will perform during the 
year. Each chiller has a different performance curve based on outside air conditions. The 
chart below shows the performance curves of the suggested replacements and the existing 
chiller, as published by the individual manufactures. 

Chiller Performance Curves 

kW/Ton 

1.20 

1.00 

0.80 

0.60 

0.40 

0.20 

0.00 

717.s 712,s 707.s 702.5 97.5 92,s 87.5 82.5 ?s 72s 87.5 

Outside Air Conditions 

~ -Existino Chiller -Carrier Chiller -York Chiller McQuav Chiller I 



Utilizing the chiller performance curves and annual weather data, we can calculate the 
annual energy consumed by each chiller. 
conditions and the associated chiller load and energy needed for that specific operating 
condition for each of the chillers. 

The table below shows annual hourly weather 

Temp Bin 
117.5 
112.5 
107.5 
102.5 
97.5 
92.5 
87.5 
82.5 
77.5 
72.5 
67.5 
62.5 
57.5 
52.5 
47.5 
42.5 
37.5 
32.5 
27.5 
22.5 
17.5 
12.5 

Existing 
Chiller 

Hours Chiller Load Load kWlton -----~ 
0 100.0% 60 
66 100.0% 60 1.08 
247 100.0% 60 1.08 
259 100.0% 60 1.02 
312 90.0% 54 0.91 
442 80.0% 48 0.88 
492 70.0% 42 0.82 
406 60.0% 36 0.74 
328 50.0% 30 0.76 
302 35.0% 21 0.77 
347 25.0% 15 0.78 
376 20.0% 12 0.79 
286 0.0% 
265 0.0% 
169 0.0% 
76 0.0% 
29 0.0% 
5 0.0% 
3 0.0% 

0.0% 
0.0% 
0.0% 

~~ ~~~ 

Carrier 
kWIton 

0.90 
0.90 
0.65 
0.76 
0.73 
0.68 
0.62 
0.63 
0.64 
0.65 
0.66 

- 
York 

kWIton - 
0.76 
0.76 
0.73 
0.69 
0.66 
0.62 
0.57 
0.57 
0.57 
0.56 
0.57 

Z i G K  

McQuay 
kWIton 

0.77 
0.77 
0.75 
0.68 
0.64 
0.60 
0.54 
0.55 
0.55 
0.56 
0.57 

Existing Chille, 
kWh 

4,267 
16,006 
15,851 
15,365 
18,705 
16,862 
10.798 
7,439 
4,871 
4,037 
3,574 

117,773 

3,556 
13.338 
13,209 
12.804 
15.587 
14,052 
8,998 
6.199 
4,059 
3,364 
2,978 

98,144 

3.063 
11,411 
11,655 
11,457 
13,669 
12,398 
7,946 
5,412 
3.488 
2.899 
2.572 

85,971 

Then taken into account local utility rate structures, the annual electrical cost of each 
chiller can be calculated. The table below shows actual energy cost per month of 
operation of the four chillers we inputted into the model. 

Month 
JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
OCT 
NOV 
DEC 

McQuay cost cost I Carrier Cost Existing 
Chiller Cost 

- 
fork k W  

3,021 
1 1,307 
11,344 
11,625 
14,009 
12.812 
8.383 
5,609 
3,615 
2,938 
2,572 

- - 

- 
87,235 



The most interesting information that came from the chiller analysis, is that in the local 
utility’s desire to protect their income stream, their rate structure limits their risk of 
declining income from reducing energy consumption. Although the McQuay and York 
replacements are more energy efficient than Carrier, the McQuay and York chiller will 
actually increase the site’s average price of electricity. This is regionally common for 
utilities to have rate structures similar to this, but it limits the positive effect a very hgh 
efficient piece of equipment can have for a building owner. Although the McQuay and 
York replacements will use about 12-13% less electricity than the Carrier will, but they 
are only 9-1 0% less expensive to operate. 

Taking into account the operating and installation cost, it is evident that the Carrier 
chiller replacement is the best solution for this application. Taking into account the 
$1,350 rebate the building will be eligible for with the Carrier replacement, the financial 
analysis shows that the other replacements do not have as good of return on investment, 
and it is suggested to install the Carrier replacement chiller. 



ARIZONA WATER COMPANY 

WORK A UTHORIZA TION 

DIVISION PHOENIX 
TAX CODE 6850 

W A  NUMBER 
P E  NUMBER 
BUDGET ITEM NO 

WORK TO START BY 

WORK TO BE FINISHED BY 
UP 0 N AUT H 0 R IZAT I 0 N 
WITHIN 90 DAYS 

1-4522 
PX-0397 

1-4522 

COST ESTIMATE AUTHORIZ4TION DATE 

Replace the Chiller System and Air Handler at the Phoenix Office. Construct in accordance with attached drawings 
and/or Arizona Water Company specifications. 

FACTORS JUSTIFYING WORK: 

APPROVED 2008 BUDGET ITEM ($125,000) 

LABOR 

CONTRIBUTIONS RECEIVED 

TOTAL CONTRIBUTIONS/ADVANCES 

CONSTRUCTIOh 

AFH 

WA 1-4522 Cooler System 141912008 07/18/01 I C6:afh I WA.XLS 



(I 

A R j Z O N A  WATER OMPANY 

P-NI UNI- 

R E T I R E M E N T  
932 1 Cooling System 

V A  NUMBER 
P E  NUMBER 

UUANIIIY I YtAK 1- 

11 Unknown 

1-4522 
PX-0397 

DESCRIPTION 

I 

PLANT PROP ACCT QUANTITV I UNIT COST II TOTAL 

C 0 I I I 1-1 
60 ton Chiller and all appurtenances 1 932.1 I I ]  

I I I 

r 

* 
I 
4 

j 

~~ ~ 

SERVICE CONNECTIONS DOUBLE-LONG 345 
SERVICE CONNECTIONS DOUBLE-SHORT 345 

345 
SERVICE CONNECTIONS SINGLE-SHORT 345 
METERS 346 

SERVICE CONNECTIONS SINGLE-LONG 

N 
T I I I 

4 
3 

R 
SERVICE CONNECTIONS COMPLETE DOUBLE-LONG 345 
SERVICE CONNECTIONS COMPLETE DOUBLE-SHORT 345 
SERVICE CONNECTIONS COMPLETE SINGLE-LONG 345 
SERVICE CONNECTIONS COMPLETE SINGLE-SHORT 345 

OTAL CONTRACT WORK 

TESTINGFEE I I 
PERMITFEE 

1 

~ 

I I 

SURVEY FEE 

~ I E L D  ~NSPECTION 932.1 20 40.00 
INSTALL SERVICE CONNECTIONS: DOUBLE-LONG 345 
INSTALL SERVICE CONNECTIONS: DOUBLE-SHORT 345 
INSTALL SERVICE CONNECTIONS: SINGLE-LONG 345 
INSTALL SERVICE CONNECTIONS: SINGLESHDRT 345 

DTAL LABOR 

UBTOTAL - CONTRACT WORK, MATERIALS, AND LABOR 

$ 800 
$ 127,647 

VERHEAD. II 6.51 0 

WA 1-4522 Cooler system I 4/9/2008 07/18/01 I CB:afh I WADS.XLS 
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January 29'h, 2008 1 O f 3  

PROJECT PROPOSAL 
BY AND BETWEEN 

Tolin Mechanical Systems Company 
5035 South 33rd Street 

Phoenix, Arizona 85040 

( H ere in afte r "To I in") 

Arizona Water 
3805 N. Black Canyon Highway 

Phoenix, AZ 8501 5 
ROC 212892 (Hereinafter "Customer") 

PROJECT LOCATION: AZ Water 

PROJECT DESCRIPTION: Turnkey Chiller Replacement Project Proposal 

OUR PROPOSAL INCLUDES THE FOLLOWING: 

1. Firm up project timeline with customer. 
2. Disconnect piping and electrical from existing 60 ton McQuay chiller and remove off 

site and dispose. 
3. Provide new 60 ton CARRIER HK-060-D-6, 460/3/60, R-22 Chiller with (2) 30 hp 

hermetic compressors, dual independent refrigerant circuits that provide 4 steps of 
capacity control. Also included is a comfortlink Microprocessor control, BacNet 
Translator, BacNet Card, Chilled water flow switch, oil safety switch, and condenser 
water manifold. This unit exceeds the ASHRAE 90.1 Standard for efficiency. 

4. Provide and install chiller on vibration isolator pads. 
5. Replace (2) existing 26 gallon Expansion tanks in upper mechanical room. 
6. Disconnect piping and electrical from existing chilled water pump and condenser water 

pump and dispose off site. 
7. Provide like for like replacement of (2) pumps; (1) chilled water pump, (1) condenser 

water pump. (Replacement recommended due to age of equipment.) 
8. Provide piping retrofit at chiller to accommodate new piping arrangement of chilled 

water and condenser water connections. Most system valves and strainers appeared 
to be in good condition and will be re-used. 

9. Tolin will provide (2) new 3" Butterfly valves at chilled water connections at chiller. 
I O .  Tolin will reinsulate any existing chilled water insulation removed throughout this 

installation. 
1 9. Reconnect electrical service to chiller. 
12. Cut 32x32 opening in existing east wall and install a removable intake louver to serve 

13. Cut 12" diameter opening in north wall of chiller room for exhaust opening. 
14. Provide and install new 660 / 1000 cfm min./max. two-speed exhaust fan to be 

mounted on the exterior northeast corner of the building. This exhaust fan will provide 

i 

I 
also as an access for servicing and pulling of chiller barrel tubes. 

I 

This proposal is subject to the terms and conditions on the reverse side of this page 
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code required normal ventilation requirements at low speed and will operate at high 
speed if the refrigerant monitor goes into alarm. 

15. Provide and install new 14x1 2 exhaust ductwork located at the northeast interior corner 
of the mechanical room. A 12" wide x 24" tall air grille will be installed with in 12" 
above finished floor. 

16.Provide and install a refrigerant monitoring panel that will shut off chiller, air 
compressor, and dryer, while engaging exhaust fan high speed operation in the event 
of a leak. This system also inlcudes a Strobe/horn which will be located at the main 
entry door and a dual purpose emergency break glass switch. The break glass switch 
will allow manual activation and inactivation of the exhaust fan and the chiller. 

17. Modify exisiting JCI N2 control system with new JCI BacNet compatible, open protocol 
extention module. A new Network Automation engine will allow for WEB access for 
remote monitoring of the plant via Internet Explorer. All hardware engineering, 
software engineering, 3D graphics package depicting HVAC equipment 'operation in 
the mechanical room, and 8 hours of customer training are included. 

18. Provide and install miscellaneous gauges and/or sensor wells if required. 
19. Provide and install water treatment microprocessor and (2) contact water meter so that 

the cooling tower make-up and blow down can be tracked and trended. 
20. Dispose of all construction materials; maintain site cleanliness at the end of each day. 
21. Leak check system piping and complete system start-up 
22. Factory leak test, start up and chiller adjustment 
23. Standard manufacturer's warranty - Tolin 1 year labor warranty. 
24. Carrier standard 12 month warranty from date of start-up. 
25. Carrier 2nd - 5th year parts only warranty. 
26. Engineering and Permit fees are included. 

OUR PROPOSAL EXCLUDES THE FOLLOWING: 
1. Taxes 
2. Temporary cooling. 
3. Major modifications to electrical systems, Le. transformers, panels, breakers, bus 

lines, disconnects, etc. 
4. Underground piping or conduit of any kind. 
5. Chilled water or condenser water valves. (unless specifically noted above) 
6. Premium Labor 
7. Any items not specifically listed as included 

C LARl Fl CAT1 ON S : 
1. Tolin Mechanical Systems has calculated all labor to be done during normal 

working hours of 8am-5pm, Monday through Friday. If work will need to be 
scheduled to be completed after these hours, additional costs may be incurred by 
the customer. 

This proposal is subject to the terms and conditions on the reverse side of this page 
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2. Currently there is an 7 week lead time on chiller. 
3. Tolin assumes all existing system isolation valves are in good working order and 

will hold. If any valves do not hold, additional fees will be presented to owner for 
approval to proceed. 

30f3 

OUR PRICE FOR THIS SCOPE OF WORK IS ...( less tax) ...................... , ........... $126,847.00 

This Agreement is the property of Tolin and is provided for the Customer's use only. Tolin 
guarantees the price stated in this Agreement for thirty (30) days from the proposal date. 

Tolin Mechanical Systems Company Az Wat& 

i 

/ I ,,* 

/ R  $;" P 

Proiect Sales Representative /,+?f-j@# p,j4Z/pJTfi- 4 5 

JanuarV 29,2008 ,S=-&Ll? 

- - -  <A- . e& &+>A, ./r A ,&=.&?$/gg/ L.- 

Title ' . - 
Title 

f 

Date Date 

-- 
cc:file 

I 

This proposal is subject to the terms and conditions on the reverse side of this page 



I ,  TERMS: IF THIS CONTRACT INVOLVES THE PURCHASE OF MATERIALS AND EQUIPMENT ONLY, THE PURCHASE 
PRICE SHALL BE PAYABLE AT THE TIME OF DELIVERY OF THE MATERIALS AND/OR EQUIPMENT: IF THIS CONTRACT 
INVOLVES LABOR OR CABOR AND MATERIALS AND EQUIPMENT, PROGRESS BlLLlNGS WILL BE SUBMlllED COVERING 
MATERIALS AND EQUIPMENT DELIVERED TO THE JOB SITE OR STORED IN ACCEPTABLE STORAGE FOR DELIVERY TO THE 
JOB SITE. THIS PROGRESS BILLING WILL ALSO INCLUDE LABOR WHICH HAS BEEN EXPENDED ON THE JOB OR DIRECTLY 
CONCERNED WITH THE JOB. THIS PROGRESS BILLING AMOUNT WILL BE DUE TEN DAYS AFTER BILLING DATE, FOR JOBS 
WHICH REQUIRE RETENTION, A RETENTION AMOUNT OF FiVE PERCENT WILL BE WITHHELD. IT WILL BECOME DUE AND 
PAYABLE AT THE COMPLETION OF TOLiN‘S PORTION OF THE PROJECT, 

2. Title to the materials and equipment shall remain with Tolin until the customer has paid the total price in full, 
and if the customer should fail to make any payment to Tofin as the same becomes due or the customer fails to 
perform any other obligation under this contract, Tolin may take possession of the materials and equipment and 
take whatever other action it deems appropricte. 

3. Tolin warrants that its labor and installation shall be done in a good and workmanlike manner and shall be free 
from defects for a period of one year after completion of the installation. Tolin warrants that all equipment and 
materials furnished will be new unless otherwise specified in this contract, and that Tolin has good title thereto, Tolin 
does not warrant the quality of the equipment and materials furnished in any respect and the customer’s remedy 
for defects in the equipment and materials shall be against Tolin’s suppliers or the Manufacturers of the materials and 
equipment. Tolin will deliver all manufacturers’ written warranties to the customer upon completion of installation. 
UNDER NO CIRCUMSTANCES WILL TOLIN BE RESPONSIBLE FOR LOSS OF USE, LOSS OF PROFITS, INCREASED OPERATING 
OR MAINTENANCE EXPENSE, CLAIMS OF CUSTOMER‘S TENANTS OR CLIENTS, OR ANY SPECIAL, INDIRECT OR 
CONSEQUENTIAL DAMAGES. 

Once the equipment and materials have been delivered to the job site, the Customer assumes all risk of 
damage to same, by any cause, except that brought about by the negligence of Tolin and its employees. The 
customer shall carry All Risk, Property Insurance to the full value of the materials and equipment and name Tolin as an 
Additional Insured, to the extent of its interest. 

The Customer shall be responsible for purchasing and maintaining such liability insurance as will protect them 
against claims which may arise from operations under the Contract. The Customer must provide Tolin a Certificate 
of Insurance providing General Comprehensive and Independent Contractors Liability with minimum limits of 
$500,000.00 per occurrence for Bodily Injury and Property Damage. 

5, Tolin will obtain Liability and Worker‘s Compensation insurance protecting it against claims which may arise 
from operations under the contract. 

6. Tolin will make delivery or installation, when provided herein, within a reasonable time after this contract is 
entered into, but it will not be responsible for delays caused by unavailability of machinery, equipment, materials or 
parts, snipper’s delays, strikes, lockouts, restrictions imposed by civil or military authority, priority regulation of some 
governmental body, insurrection or riot, or any other cause beyond Tolin’s control. If a time for performance is stated 
in this agreement, it shall be deemed to be an estimate only. 

If Tolin is required to make some installation under this contract, the customer shall be responsible for putting the 
premises in a satisfactory condition including furnishing efectric power, lighi, heat and water so that installation can 
start promptly and be completed efficiently. 

If Tolin shall fail to perform any of its obligations under this contract, and fails to perform after the customer 
gives Tolin ten (1 0) days written notice of the specific deficiencies, the customer may have someone else complete 
the performance but Tolin’s liability shall be limited to what it reasonably costs the customer to obtain completion of 
Tolin’s obligations under this contract. If Tolin fails to perform any of its obligation under this contract, the customer, 
at customer’s option, and without being required to do so, may cancel this contract by giving Tolin ten (10) days 
wrilten notice. 

8. If the Project is stopped for a period of thirty (30) days under an order of any court or other public authority 
having jurisdiction, or as a result of an act of government, such as a declaration of a national emergency making 
materials unavailable, through no act or fault of Tolin or if the Project should be stopped for a period of thirty (30) 
days by Tolin for the customer‘s failure to make payment thereon as provided in Paragraph 1, then Tolin may upon 
seven (7) days wrilten notice to the customer, terminate this agreement and immediately recover from the customer 
payment for all work to date and for any proven loss sustained upon any materials, equipment, tools, construction 
equipment and machinery, including reasonable profit and damages. 

9. In the event either party must commence a legal action in order to enforce any rights under this contract, the 
successful patiy shall be entitled to all court costs and reasonable attorney‘s fees as determined by the C O U ~  for 
prosecuting or defending the claim as the case might be. 

10, The customer shall not leave any of the equipment, or systems furnished or installed by Tolin in operation until 
the customer has approved and accepted same and paid Tolin the price in full. 

7 1, Any written notice rsquired under this contract may be delivered personcrlly to the other party or mailed as 
certified mail, return receipt requested, to the other party’s address as it appears in this agreement or as given to the 

4. 

7. 

13. Additional provisions: 



12. Tolin shall indemnify the Customer against, and save and hold it harmless from, 
any and all liability, claims, demands, loss, actions, causes of action, expense, 
penalties, fines, assessments, damages and costs of every kind and nature for 
injury to or death of any and all persons, including, without limitation, employees 
or representatives of the Customer or Tolin or of any subcontractor, or any other 
person or persons, and for damage, destruction or loss, consequential or 
otherwise, to or of any and all property, real or personal, including, without 
limitation, property of the Customer or Tolin or of any subcontractor, or of any 
other person or persons, and the violation of any law, ordinance, rule, regulation, 
standard, or order resulting from or in any manner arising out of or in connection 
with the performance of the work under the Contract, howsoever same may be 
caused, including, without limitation, the Customer’s active or passive negligence. 
Tolin shall also, upon request by the Customer, and at no expense to the 
Customer, defend the Customer in any and all suits, concerning such injury to or 
death of any and all persons, and concerning such damage, destruction or loss, 
consequential or otherwise, to or of any and all property, real or personal, 
including, without limitation, suits by employees or representatives of the 
Customer or Tolin or of any subcontractor, or any other person or persons, or 
concerning any court or administrative proceeding concerning the violation of any 
law, ordinance, rule, regulation, standard, or order. Excluded from this paragraph 
are only those injuries to or deaths of persons and darnage, destruction or loss, to 
or of property arising from the sole negligence or willful misconduct of the 
Customer. 

A 

initials: 
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CONSTRUCTION 
COMPLETION ARIZONA WATER COMPANY 

CONSTRUCTION 3 ~ 2 - 10 COM PL ET1 0 N DATE: WORK AUTHORIZATION NUMBER: 

1. 

2. 

3. 

4. 

5. 

6. 

CONSTRUCTION DRAWINGS WITH "AS BUILT" LOCATION OF PIPE, FITTINGS, ETC. MARKED IN 
RED ....................................... .................................................................................... 
VALVE CARDS ...................... .................................................................................... 

R ................................................................................. HYDRANT CARDS WITH CO 

MATERIALS INSTALLED OR 
AND P.D.R. NUMBERS ......... .................................................................................... 

THE REVERSE SIDE OF THE W.A. WITH R.O.S. 

PRESSURE AND LEAKAGE TEST RESULTS: 

DATE TESTED 

TIME STARTED 

TIME FINISHED 

PIPE DIAMETER 

FOOTAGE TESTED 

ALLOWABLE LEAKAGE 

LEAKAGE OBSERVED 

PRESSURE AT TEST POINT 

COMPANY EMPLOYEE OBSERVING TEST (print) 

INITIALS OF EMPLOYEE 

DISINFECTION SAMPLING: 

INITIAL SAMPLING DATE 

(minimum 50 ppm available chlorine) TIME 

PPM Clz 

DATE AFTER 24 HOURS DETENTION TIME 

(minimum 10 ppm free chlorine) TIME 

PPM C12 

AFTER SUFFICIENT FLUSHING DATE 

(water is clear and system CIZ TIME 

PPM CI, 
residual is measured) 

BACTERIOLOGICAL SAMPLE(S) DATE 

TIME 

ATTACHED 0 Yes 0 NO a y e s  U N O  

I certify that construction on the above Work Authorization was completed as of the date shown above and for which all materials have been accounted. 
I further certify that I have inspected the work done and have found it to be satisfactory and in accordance with Company specifications. 

X - / f  
Date of Notice 

- 
ATlACH TO CONSTRUCTION & ENGINEERING FILE COPY OF WORK AUTHORIZATION 1 

DOCUMENT4 15/5/10 1/15/09 I FKS:afh I E-5-4-1 
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ARIZONA WATER COMPANY 

PRELIMINARY COST ESTIMATE 

DATE PREPARED 

12/29/2010 
'REPARED BY APPROVEDBY SYSTEM DIVISION 

MRL 

150,000 

50,000 

100,000 

60,000 

FKS PINAL VALLEY PINAL VALLEY 

I 
1) SUBTOTAL - MATERIALS AND LABOR 

2) PERFORMANCE BOND @ 1.5% OF LINE (1) 

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

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

'ROJECT LOCATION: 

5) OVERHEAD - 15% OF LINE (4) 

PROJECT NUMBER: REFERENCE MAP: 

6) PREPARATION OF DETAILED PLANS, SPECIFICATIONS & BIDDING DOCUMENTS 

QUANTITY 

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

ISTIMATED COST OF CONSTRUCTION 

ESTIMATED 
$/UNIT DESCRIPTION ITEM COST UNIT 

1 52,171 

91,303 

1,257,949 

$ 1,257,949 

1 

1 

1 

EXHIBIT FKS-2 

EA 50,000 PURCHASE PROPERTY 50,000 

EA 400,000 DRILL AND CASE 18" WELL 

EA 125,000 PURCHASE AND INSTALL PUMPING EQUIPMENT 

1 

1 

1 

1 

EA 150,000 PURCHASE AND INSTALL ELECTRICAL EQUIPMENT 

EA 50,000 ELECTRICAL POWER TO SITE 

EA 100,000 INSTALL WELL YARD PIPING AND ANCILLARY ITEMS 

EA 60,000 TIE NEW WELL INTO EXISTING DISTRIBUTION SYSTEM 



DATE PREPARED 

ARIZONA 'WATER COMPANY 

PRELIMINARY COST ESTIMATE 12/29/2010 
PREPAREDBY APPROVED BY SYSTEM DIVISION 

MRL FKS WHITE TANK CASA GRANDE 
PROJECT LOCATION PROJECT NUMBER REFERENCE MAP 

PROJECT DESCRIPTION 

DRILL AND EQUIP NEW WELL TO SERVE THE WHITE TANK SERVICE AREA AT THE EXISTING 
MONTE VISTA SITE. 

MATERIALS AND LABOR 

11 QUANTITY I UNIT I $/UNIT DESCRIPTION 

11 125,000 EA I 125,000 IPURCHASE AND INSTALL PUMPING EQUIPMENT ll I I 

11 130,000 EA I 125,000 I PURCHASE AND INSTALL ELECTRICAL EQUIPMENT 
I 

85,000 

- 

I 

51,800 

(1) SUBTOTAL - MATERIALS AND LABOR 

(2) PERFORMANCE BOND @ 1.5% OF LINE (1) 

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

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

11 120,435 11(5) OVERHEAD - 15% OF LINE (4) 

1[(6) PREPARATION OF DETAILED PLANS, SPECIFICATIONS & BIDDING DOCUMENTS 11 72,261 

IISUBTOTAL I - LINES (4), (5) AND (6) -11995,596 
]I $ 995,596 ESTIMATED COST OF CONSTRUCTION 

AFH 

EXHIBIT FKS-2 
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ARIZONA WATER COMPANY 
PINAL VALLEY DIVISION 

Coolidge Production 
Analvsis 

Prepared by Arizona Water Company 

12/16/2010 

EXHIBIT FKS-3 
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Current Production Needs 
This analysis evaluates and describes the methodology used to determine the need 

for additional production capacity within the Coolidge Distribution System (“CDS”). 
The CDS is a portion of and interconnected with the Pinal Valley Water System 
(“PVWS”). While water can be conveyed back and forth within the PVWS through the 
existing distribution system connections (“Interconnections”) they are hydraulically 
distinct fiom one another based on distance and in some cases by different pressure 
zones. Another small water system exists within the CDS called the Valley Farms 
Distribution System (“VFDS”). However, the VFDS is relatively small in comparison to 
the CDS and it is not capable of providing any significant production capacity to the 
CDS. For this reason this production analysis only analyzes production capacity within 
the CDS (excluding the VFDS) along with the estimated flow capacity fiom the 
interconnect with the Casa Grande portion of the PVSA. 

Arizona Water Company (“the Company”) tracks the water production from each 
well on a monthly basis. These monthly production reports were utilized to calculate 
Average Day Peak Month (“ADPM’) and Peak Day Peak Month (“PDPM”) demand for 
the CDS. A detailed review of this data for 2010 indicates that the peak monthly 
production occurred in July, 2010. ADPM demand was calculated by taking the sum of 
all production sources within the CDS and dividing by the number of days of the peak 
month. PDPM demand was calculated multiplying the ADPM demand by the 
Company’s Pinal Valley peaking factor of 1.5. The peak month production figures for all 
sources as well as the calculations used to determine the ADPM and PDPM demand are 
shown in Attachment A. 

This information was then used to determine if in the event of well pump failure 
the system has sufficient production capacity to supply the system demand. This worst 
case scenario is defined as a failure of the largest production source during PDPM 
demand. Under this scenario it is assumed that the pumping equipment failure requires 
only typical repairs that can be completed within three days. During this repair period 
any production capacity shortfall is to be supplemented by storage capacity within the 
system. Effectively, this is modeled by increasing the production capacity of the water 
system by one third of the total available storage for each day of the failure for a total of 
three days. Company pumping records are used to determine the current pumping 
capacity for each source. It is assumed that each source is 100% utilized when 
calculating the total available production capacity. The total available production is 
calculated in terms of Gallons Per Day (“GPD’) by taking the sum of all sources less the 
largest producing source out of service. Well #13 has not been included in the total 
production figures because it is currently inactive due to elevated arsenic levels. The 
system production need is calculated by taking the sum of the total production and one 
third of the available storage less the PDPM demand. These calculations indicate that 
there is a need for an additional 380,035 GPD within the CDS. In the event of a well 
pump failure. 

EXHIBIT FKS-3 



Alternatives for Additional Production Capacity 
Several alternatives exist to increase the production capacity in the CDS which 

include increasing the capacity of the interconnect, drilling another well or continued use 
of Well #13. 
Due to existing limitations of the CGDS increasing the capacity of the interconnect 
between the CDS and CGDS would require 1-10 to be bored at McCartney Road and the 
installation of approximately 1 1,560 LF of new 16” waterline. This solution is included 
in the Pinal Valley Master Plan but due to increasing demands this alternative will only 
differ the problem to a later date as it does not create any additional production capacity 
within the PVSA but instead makes it easier to convey water fi-om one area to another. 

Drilling another well in the CDS involves several challenges from property 
acquisition to water quality issues. Drilling another well would require new property 
acquisition. However, most of the land suitable for drilling a well is located within the 
Gila River Indian Community Water Rights Settlement Agreement Eastern Protection 
Zone South, or within the San Carlos Irrigation District. Wells cannot be drilled within 
either of these areas increasing the difficulty and cost to acquire and develop additional 
supplies within this area. The CDS is also located in an area known to have significant 
well construction challenges. A clay layer (low water producing zone) exists between 
200 and 1200 feet below the land surface. The water producing zones outside of the clay 
layer are known to be high in arsenic and nitrates. Drilling another well would most 
likely also require arsenic and possibly nitrate treatment. 

Continued operation of Well #13 will require the installation of an Arsenic 
Treatment Facility (“ATF”). Upon initial completion of the well the arsenic levels were 
below the Maximum Contaminant Level (“MCL”) of 10 parts per billion (“ppb”). 
Continued operation of the well has resulted in a steady increase in the effluent arsenic 
levels. The well site is of sufficient size to accommodate an ATF; no additional property 
will be required. Since the well is already connected to the system no additional offsite 
infrastructure improvements will be required. Design and construction of a well head 
ATF capable of treating the existing well capacity will meet the existing demand needs of 
the CDS as well as reduce the need for additional need production capacity within the 
PVSA. Also, with eh use of Well #13 the capacity in the CDS can be utilized to 
supplement the system demands in the western portion of the PVWS through the existing 
distribution system connection. 

Recommendations 
As detailed previously, the CDS requires 380,035 GPD of additional supply in 

order to maintain safe reliable operation. Based on the alternatives described above 
installing an ATF at Well #13 will be the most cost effective long term solution. Drilling 
another well would be the most expensive option since it would also most likely require 
treatment as well as additional investments for property acquisition, well drilling and 
infrastructure improvements. Increasing the capacity of the CDS and CGDS interconnect 
will have similar costs to the treatment of Well #13. However, it will also increase the 
need for additional production capacity in the PWVS and ultimately result in additional 
costs related drilling another well as described above. 

EXHIBIT FKS-3 



Installing an ATF at Well #13 is the best and lowest cost solution because the 
necessary infrastructure is already in place. The water quality issues are known and 
measureable. Also because the arsenic levels will only marginally exceed the MCL 
construction and operational costs will be low. The location of this site has the added 
benefit of creating a more even distribution of supply within the CDS resulting in lower 
water age and decreased formation of disinfection by products as well as more stable 
system pressures and flow. 
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Attach~ent A 

Pinal Valley Water System 
Coolidge Area 

Monthly Demand Calculations 
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PINAL VALLEY WATER SYSTEM 

COOLIDGE AREA JULY 2010 
PINAL COUNTY, ARIZONA 

Calculations to determine Average Day and Peak Day Demand 

PEAK MONTH PRODUCTION 

CL Well #7 25,044,000 Gallons 

CL Well #9 25,147,000 Gallons 

CL Well # I  0 35,959,000 Gallons 

CL Well # I3  107,000 Gallons 

PV Interconnect (1,463,000) Gallons 

TOTAL MONTHLY PRODUCTION 84,794,000 Gallons 

DAILY DEMAND CALCULATIONS 

Number of days in Peak Month 31 Days 

Average Day Peak Month (ADPM) = 84,794,000 / 31 GPD 

Average Day Peak Month (ADPM) 2,735,290 GPD 

Peak Demand Factor 1.5 

Peak Day Peak Month (PDPM) = ADPM * 1.5 GPD 

Peak Day Peak Month (PDPM) 4,102,935 GPD 

EXHIBIT FKS-3 



Attachment B 

Pinal Valley Water System 
Coolidge Area 

Production Analysis 

EXHIBIT FKS-3 1 



PINAL VALLEY WATER SYSTEM 

I t3 OF TOTAL SYSTEM NET GAIN 
SYSTEM MONTH ADPM PDPM TOTAL PRODUCTION AVAILABLE or (LOSS) 

(2010) GPD GPD AT PO€ (GPD) STORAGE (GPD) GPD 

CDS July 2,735,290 4,102,935 3,470,400 252,500 (380,035) 
t 

Additional production required 

Source Production (GPM) PO€ Production (GPM) 

CL Well #7 1100 #17* 720 

CL Well #9 1240 #18* 1240 

CL Well #IO 1430 118' 0 

#21*' 0 

'V Interconnect 1250\ 450 NIA 450 

CL Well # I  3 

Largest producer assumed temporarily 
out of service due to pump failure 

Storage (GAL) Tank Name 

Pancake Tank 15,000 

Warehouse Tank #I 500,000 

Warehouse Tank #2 1,000,000 

TOTAL PRODUCTION AT PO€ (GPM): 2,410 TOTAL AVAILABLE STORAGE (GAL): 1,515,000 

Design Statement for Well Production: 
The water distribution system must have sufficient well capacity to meet the peak day demand for three consecutive days with the largest well 
out-of-service. One-half of the total storage is available to meet the three peak days with the remaining storage held in reserve for tire protection, 

* Water production at this POE is limited by the total available well production or booster pump capacity, whichever is less. 
** Well #I3 is currently inactive due to rising arsenic levels 
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Pinal Valley CAP Treatment Plant and Related Water Facilities Construction Cost Estimate 

DESCRIPTION 
SITE DEVELOPMENT IIMPROVEMENTS 
Power -Substation & New Power Lines 
Existing Gas Lines Protection 
Roads (est. 3 miles Q 24' wide) 
Roadway Bridges (2 total) 
Communications -Telephone 8 Internet Access 

Site Development Construction Direct Costs 
WATER TREATMENT PLANT 
Site Work 
Earth Work, Site Drainage, Yard Piping, Roads, Parking, Lighting, Utilities. etc. 

Headworks/ Raw Water TurnoutlRaw Water Pipeline 
Conventional Treatment Processes 

Landscaping 8 Irrigation 

Raw Water Splitter Box 
Raw Water Storage (5MG) 
Flash/ Rapid Mix I Pump Station 
Floccufation Basins w/ Concrete Baffles 
Rectangular Sedimentation Basins w/ Scraper Type Collectors 
GAG Media Filter 

Site Work, Building 8 Contactor 
Equipment, including LOX 

Chemical Feed Building 

Solar Drying Beds 
Backwash & Recycle Equalization Basins & Pump Statiin 
Return Water Pump Station 
Backwash Clarifiers 8 Backwash Solids Pump Station 
Gravity Thickeners 8 Return Water PS 
Thickeners Sludge Pumping and Solar Drying Decant 

Finished Water Resewoir (2 MG) 
Booster Station and Surge Tank 

Support Facilities 
Administration/ Maintenance Building (6,000 sq. ft.) 

Security Enhancement 
Fencing-Chain Link (includes CMU wall) 
Gates (Complete) 
Security Systems -Cameras, Door Entry, CCTV 
Fire Protection -(from GW Wells) 250,000- all0 on Tank wl Pumps 
Well Head Treatment (not required for Phase 1) 

Ozone Disinfection 

Chemical Facility and Residual Disinfection 

Used Water Recovery and Solids Handling Facilities 

Finished Water Storage 

ESTIMATED COST 

500,000 
30,000 

4,200,000 
600,000 
250,000 

$ 5,580,000 

1,890,000 
570,000 
850,000 

10,000 
270,000 
190,000 
240,000 

1,290,000 
3,070,000 

1,830,000 
2,240,000 

2,220,000 

930,000 
150,000 
70,000 

330,000 
460,000 

60,000 

1,030,000 
1,590,000 

1,140,000 

520,000 
70,000 

200,000 
100,000 

Electrical and I&C (25% of dired subtotal) 4,650,000 
Water Treatment Plant Construction Direct Costs $ 25,970,000 

TREATED WATER DELIVERY SYSTEM 
Pipe Material -81,840 Feet of 36 DIP 
Valves and Fittings 
Earthwork and Repaving 
Traffic Control 
Bore and Jack Operations (1-1 0 and SClDD Canal) 
Utility Relocation 
Mobiliiationl Demobilization 
Temporary Easements 
Permanent Easements 
Groundwater Wells (1 Total) 
Off-site Groundwater Wells (2 Total) 
Off-site Booster Pump Station 
Off-site Storage Tank 

Treated Water Delivety System Construction Direct Costs 
Total Project - Construction Direct Costs 

$ 11,320,000 
2,160,000 

630,000 
150,000 
620,000 
100,000 
750,000 
40,000 
50,000 

840,000 
2,500,000 

500,000 
2,580,000 

$ 22 240 000 

$ 53,790,000 

Construction Contingency (25% applied to Site / Plant Costs, 12% to Delivery) (1) $ 
Contractor's Indirect Costs (21.2% applied to Site I Plant Costs) 
Non-Construction Costs - Engineering & Admin. (25% Plant, 10% Delivery System) 
Plant Site Land Cost (2) 

10,670,000 
6,700,000 
9,980,000 

660,000 

81 800 000 TOTAL PROJECT COST $ ---L 

Notes: 

(1) 12% contingency provided by AWC reflecting Company's experience with similar pipeline 
construction projects. 
(2) Land cost is based on the actual purchase price in 2005 dollars. 
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In addition to these individual user requirements, the Third Management Plan contains an individual user 
requirement that was not included in the Second Management Plan. This additional requirement prohibits 
the use of groundwater to maintain a water feature installed in a publicly owned right-of-way after January 
1 , 2002. 

Either the individual user or the municipal provider serving the individual user is responsible for 
complying with the individual user requirement. See section 5-1 12 for detemining responsibility for 
compliance with the individual user requirements. 

5.7.6.2 Distribution System Requirements 

Lost and unaccounted for water is defined as the total water fiom any source, except direct use effluent, 
withdrawn, diverted, or received in a year minus the total amount of authorized deliveries made by the 
municipal provider in that year. Lost and unaccounted for water includes line leakage, meter under- 
registration, evaporation or leakage fiom storage ponds or tanks, system and hydrant leaks or breaks, and 
illegal connections. 

All municipal providers are required to meet an efficient lost and unaccounted for water standard in thcir 
service areas. Lost and unaccounted for water will be determined for each municipal provider based on the 
total quantity of metered and unmetered water deliveries and the total water pumped, received, or divened 
by the municipal provider for each calendar year, excluding direct use emuent. Small municipal providers 
must maintain lost and unaccounted for water at or below 15 percent. Large municipal providers are 
required to maintain their system not to exceed 10 percent lost and unaccounted for water. Large untreated 
water providers are required to either line all canals used to deliver untreated water to the provider’s 
delivery points with a material that allows no more lost water than a well-maintained concrete lining, or 
operate and maintain its distribution system to limit lost and unaccounted for water at or below IO percent. 

For the third management period, the Department will allow providers to exclude water fmm the lost and 
unaccounted for water calculation that is either metered or estimated using approved estimating procedures 
and that is used pursuant to other regulatory requirements such as well purging and line flushing. 
Providers may also exclude estimated water uses such as construction (truck loads for dust control) or fire 
services, but all other uses of water within a distribution system must be metered. Appendix 5-M provides 
a complete list of uses that are considered in the lost and unaccounted for water calculation and those uses 
that can be estimated to detennine the volume. 

5.7.6.3 Monitoring and Reporting Requirements 

All municipal providers are required to annually: (I) report to the Department information on the total 
quantity of water used within the service area and the total volume of water delivered for various municipal 
purposes, (2) calculate the volume of lost and unaccounted for water within the service area, and (3) report 
the total number of housing units, by unit type, added to the water service area from July 1 of the previous 
calendar year to July 1 of the reporting year. 

Large municipal providers are required to separately measure and report the amount of water delivered 
each month for: irrigation uses; residential uses, separated by single family and multifamily; and non- 
residential uses, separated by water use categories, including huf-related facility use, commercial use, 
industrial use, government use, construction use, surface water treatment, and dher uses. 

All municipal providers are required to submit to the Department, on an annual basis, an updated service 
area and distribution system map delineating all potable and non-potable distribution lines greater than four 
inches, all potable treatment facilities, all well sites, and all non-potable treatment. 
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untreated water IO a wer, and that provided a copy of that agreement to the director by 
June 22, 1992, is a large untreated water provider upon serving untreated water to at 
teast 500 persons pursuant to the service agreement or upon supplying 100 acreyeel of 
untreated water during a catendar year pursuant to the agreement. 

26. "LOSI and unaccounted for water" means: 

a. With respect to a distribution system other than an urrtreated water nrrmicipal 
distribution system, the total quantify of water from any source, except direct we 
effluent, withdrawn, diverted or received by a municipal provider during a caledar 
year for non-irrigation use less the total quanti@ of authorized deliveries ofwafer 
from any source, except direct w e  efluent, made by the niunicipntprovider during 
the calendar year for non-irrigation use that are metered deliveries or deliveries that 
the municipal provider accounts for by a method of estimating water use approved by 
the director. 

b. With respect to ai1 untreated water municipal dktribution system, the total quanti& of 
untreated water from ariy source, withdrawn, diverted or received by a large 
untreated waterprovider during a calendar year for non-irrigation itse less the total 
quamtity of authorized deliveries of untreated water from any source made by the 
provider during the calendar year for non-irrigation use \Itat are metered deliveries 
or deliveries that the provider accounts for by a method of estimating water use 
approved by the director. 

27. "Lost water" meam untreated waterfrom any source that etiters an unfreated wafer 
distribution system a d  is lost from the system during transportation or distributioir due to 
seepage* evaporation, leaks, breaks, phreatophyte use or other similar or dissimilar 
caises. 

28. "Mitied groundwater" has the definition prescribed by A.R.S. $45461 (9). 

29. "Mulfi/amily housing unit" nieans a mobile home in a mobile home park and any 
permanent housing unit having one or more comnion walls with another housing wit 
located in a multijanrily residential structure, and includes a unit iti a duplex, triplex, 
fouplex. condominium development, town home development, or apartment complex. 

30. "Municipal distribution system '* means a system ofpipes, canals or other worh within a 
municeai provider S service area that are owned and operated by the provider to collect. 
store, treat or deliver water for non-irrigation use. 

31. "Municipal provider *' means a city, town, private water company or irrigation ciis\rict 
that supplies water for aon-irrigatioti use. 

32. "'New individual user" means an individual user that begins receiving waterfrom a 
municipat provider ajer adoption of the Third Management Plan. 

33. "New large municipal provider *' means a municipal provider that begins serving more 
&han 250 acre-feet of water for non-irrigation use during a calenabr year a f t r  January 1, 
2000, not including utitreated water sewed by a municipal provider that qualijies as a 
large untreated water provider. 
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requirements by the date specijied by the director, but not later than January 1 of the year 
following the year in which the provider's application is approved. and shall reniabi it1 

compliance with those requirements until thefirst compliatice date for any substitute 
requirements in the Fourth Management Plan. 

5-109. Consolidation of Municipal Provider Service Areas: Acqtdvitwn of a Portion of Another 
Municipal Provider's Service Area 

A. Nofz@aiion 

1. If two or more niunicipalproviders consolidate their service areas into one service areo, 
the consolidatedprovider shall notiB the Department of tlie consolidation within 30 days 
afzer the consolidation beconies eflective. 

2. Ifa niunicipal provider acquires a portion of another municipal provider's existing 
service area, both the acquiringprovider and the conveying provider shall notifL the 
Department of the acquisition within 30 days afzer the acquisition becomes efective. 

B. Regulation of Consolidated Provider 

I .  Upon consolidation, a consolidated provider that qualflies as a large municipal provider 
shall be regulated under the Total GPCD Progmm described iti section 5-103, itnless the 
consolidated provider applies for and is accepted for regulation under the Noti-Per 
Capita Conservation Program described in section 5-104 or the Alternative Consemiion 
Program described in section 5-105. 

2. rfthe consolidated provider is regulated under the Total GPCD Program, the director 
shall establish a total GPCD requirement for the consolidated provider consistent with 
the methodology used by the director to establish the consolidating providers ' total 
GPCD requirements as set forth iii Appendix 5-C. I .  The director shall also establish and 
maintain ajlexibility account for the consolidated provider in accordance with seciioti 
5-106. subsection A. with a beginning balance to be established by the direcior based 011 

the ending balances in the flexibility accounts of the consolidating providers. 

3. rfthe consolidated provider is accepted for regulation under the Alternative Conservation 
Program, the director shall establish a residential GPCD requirenient for the 
consolidated provider consistent with the methodology used by the director to establish 
the consolidating providers' residmtial GPCD requirements as set forth in Appendix 5-K. 
The director shall also establish and maintain ajlaibili@ account for the consolidated 
provider in accordance with section 5-106, subsection B, wilh a beginning balaace to be 
established by the director based on the ending balances in theflexibility accounts of the 
consolidating providers. 

4. r f  the consolidated provider applies for regulation under the Noti-Per Capita 
Conservation Program or the Alternative Cotiservation Program and one of the 
consolidating providers was regulated under that program immediately prior to 
consolidation, the consolidated provider's application for regulation under the progranr 
shall include only the information required by section 5-104 or section 5-105 that Iim 
changed since the consolidating provider filed its application for the program. 
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APPENDIX 5-M 
THIRD MANAGEMENT PLAN 

LOST &z UNACCOUNTED FOR WATER REQUIREMENTS 
host & W clu : 

Leaks: 
Distribution Lines 
Sewer Lines 
Storage Tanks 
Storage Ponds 
Hydrants 
Other 

Distribution Lines 
Sewer Lines 
Mains 
Hydrants 
Other 

Measurement Errors: 
Meter UndedOver-Registration 
Source Meter Emrs 
Flumes/Weirs Enon 

Breaks: 

Evaporation 

IlIegal ConnectionsWater Theft 

Phreatophyte Uses 

Water Svst em Uses Include; 

Residential Metered Deliveries 
Non-Residential Metered Deliveries 
Standpipe pses 
Fire Flaw - --- - - -  

Hydrant Meter Reading 
Hydrant Flow Tests 
Fire Sprinkle: System Flow Tests ' 
Construction 
Dust Control 
Line Flushing ({idbution, sewer, or treatment facility) ' 
Street Cleanin 
Storm Drain F d i n g  ' 
Water Tests & Pressure Tests ' 
Well Purging 

f 

I Estimates can be provided, using a mahod epproved by the dimor. Documentation must be submitted with annual report. 
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1.0 EXECUTIVE SUMMARY 

This water loss report was prepared by Arizona Water Company (the 'Tompany") for the 
water systems which are part of the Pinal Valley Service Area ("PVSA") located in central Pinal 
County and containing approximately 232 square miles. Water losses in the Company's Pinal 
Valley water system ("PVWS"), which includes the Casa Grande and Coolidge communities, are 
above ten percent or are increasing towards ten percent. In addition, water loss in the Company's 
Coolidge Municipal Airport ("CP") water system is above ten percent. In Decision No. 71845, 
August 25, 2010, the Arizona Corporation Commission (the "Commission") ordered the 
Company to reduce water losses in all of its water systems to less than ten percent by July 1, 
201 1 , and to report its efforts where it is not able to do so. The Commission also ordered the 
Company to evaluate the water systems that have not achieved a water loss rate of less than ten 
percent by July 1, 201 1, and prepare a report demonstrating how the Company plans to reduce 
water losses to less than ten percent, or why it is not cost effective to do so. That report must be 
filed with the Commission no later than December 3 1,20 1 1 .  

This report shows that the Company has made significant effort and expended significant 
resources to reduce water losses through water system monitoring, leak detection, repairs and 
replacements of water mains and service lines. This report also shows that water main and 
service line leaks and breaks are increasing in fiequency. To determine where aging water mains 
and service lines have led to increases in water loss, the Company's engineers analyzed each 
water system to assess the condition of water mains and service lines and determine where water 
main and service lines need to be replaced. 

Over 705 miles or nearly four million feet of water mains are currently in service in these 
water systems. Over time, there were changes in the types of materials used for water mains 
beginning with the use of cast iron ("CI") pipe in the 1920s, the use of cement asbestos (('CAI') 
pipe in the 1930s, and finally the use of ductile iron ("DI") pipe and polyvinyl chloride ("PVC") 
pipe in 1986. D1 and PVC water mains have been used exclusively since 1986. Other types of 
water mains have also been installed, but make up a much smaller portion of the distribution 
system. 

These water systems currently have over 28,000 active water service connections. As 
with water mains, over time there has been a change in the types of materials used for service 
lines; including the use of polyethylene ("PE"), polybutylene ("PB"), PVC, galvanized steel 
("GS") and copper ('YW). 

Water mains and service lines must be properly managed, monitored, and maintained to 
minimize water losses. The Company's well trained employees, using state-of-the-art leak 
detection equipment, have been effective in identifying such water losses, and repairing or 
replacing leaky water mains and service lines. However, the effect of aging and failing water 
mains and water service lines increases water loss beyond the Company's ability to control it 
through repair and maintenance efforts alone. That point has been reached in portions of the 
Company's PVWS and CP water systems, and as a result, infrastructure must be replaced. 
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The Company's engineers have determined that a more aggressive infrastructure 
replacement program is needed to make significant progress to reduce water losses, and now 
estimate that a minimum of $2.5 million of new water mains and service lines should be installed 
annually to replace aging and leaky water mains and service lines in the PVSA. The replacement 
program projects are specifically designed to reduce water loss in compliance with the 
Commission's order in Decision No. 71845. Company engineers have prepared a detailed cost 
estimate to replace the first and most critical phase of aging and failing water infrastructure in the 
PVWS and estimate that it will cost approximately $41 million to replace water mains and 
service lines in this first phase. This estimate was based on water mains and service lines 
included for replacement between 201 1 and 2020. The detailed cost estimate is provided in 
Appendix 9.1 1. Unfortunately, the Company lacks financial resources to support this additional 
level of capital expenditures, and will seek the Commission's authority to establish a Distribution 
System Improvement Charge ("DSIC") as part of an application for new rates filed with the 
Commission in December 2010. In compliance with the Commission's order to reduce water 
loss in all of its systems to less than ten percent by July 1, 20 1 1, within a month of Decision No. 
71845, the Company started the design and construction of several replacement projects in the 
PVSA to reduce water losses as the Commission directed the Company to do. These projects 
include the installation of 9,210 LF of 6-inch C-900, 6,800 LF of 12-inch (2-900 PVC, and 178 
service lines at a total estimated cost of $1,300,000. Without approval of a DSIC, the Company 
cannot fund the needed replacement program identified above for the years 201 1 through 2020. 
These replacements are critical to the Company's compliance with the Commission's directive in 
Decision No. 7 1845. 

2.0 INTRODUCTION 

2.1 Purpose 

The purpose of this detailed report is to evaluate water losses for the Company's Western 
Group water systems where water losses exceed, have exceeded, or are likely to exceed ten 
percent of water produced, to evaluate the extent and impact of aging and failing infrastructure 
on water loss, and to support the Company's proposal to establish a Distribution System 
Improvement Charge Tariff. This report presents the Company's plans to comply with the 
Commission's order in Decision No. 71 845 to reduce water losses in such water systems to less 
than ten percent, and describes the Company's aging and failing infrastructure replacement 
needs. An overview is provided for the water systems in the PVSA, including detailed 
information about the background of the water systems, service area, and sources of supply 
(including a system characterization and assessment). A detailed analysis of water losses is 
provided, including break and repair history, remedial actions the Company uses to identify and 
reduce water losses, and recommendations needed for infrastructure replacements to further 
reduce water losses. 

This report focused on the consolidated Casa Grande (''CG") and Coolidge ("CL") water 
systems (referred to herein as the PVWS) and the CP water system. These systems have shown 
the highest level of water losses as a result of breaks, leaks and aging and failing infrastructure. 
The Company closely monitors the other Western Group systems, which already comply with 
the Commission's standards. 
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2.2 Abbreviations 

The following abbreviations and nomenclature are used throughout this report. 

ADWR 
ANSI 
AWWA 
CA 
CCN 
CDSM 
C-Factor 
CG 
CGLZM 
CI 
CL 
CLC 
cu 
Commission 
Company 
CP 
DEM 
DI 
DSIC 
FRP 
GIS 
GPM 
GS 
HDPE 
MGD 
PB 
PE 
PVC 
PVSA 
PVWS 

PWSID 
ST 
TG 
TMP 
TRex 

Arizona Department of Water Resources 
American National Standards Institute 
American Water Works Association 
Cement Asbestos 
Certificates of Convenience and Necessity 
Coolidge Distribution System Model 
Hazen-Williams Coefficient of Friction 
Casa Grande Water System 
Casa Grande Lower Zone Model 
Cast Iron 
Coolidge Water System 
Cement Lined Concrete 
Copper 
Arizona Corporation Commission 
Arizona Water Company 
Coolidge Municipal Airport Water System 
Digital Elevation Models 
Ductile Iron 
Distribution System Improvement Charge 
Fiber Reinforced Plastic 
Geographic Information System 
Gallons per Minute 
Galvanized Steel 
High Density Polyethylene 
Million Gallons per Day 
Polybutylene 
Polyethylene 
Polyvinyl Chloride 
Pinal Valley Service Area; comprised of 232 square miles of CCN. 
Pinal Valley Water System; described as comprising the consolidated public 
water systems of Casa Grande and Coolidge. 
Public Water System Identification 
Stanfield Water System 
Tierra Grande Water System 
Third Management Plan 
Terrain-Extractor Application 

P:\O1 Pinal Valley Water LossWinal Valley Water Loss Repodwater Loss Reduction Program for the PVSA Final 12.29.10 .do= 
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3.0 OVERVIEW OF EXISTING WATER SYSTEMS 

3.1 Water System Background 

The Company's PVSA' encompasses a number of communities in ~ i n a l  county, 
including Casa Grande, Coolidge, Stanfield, Arizona City, Tierra Grande, Randolph, Valley 
Farms, and the Coolidge Municipal Airport. 

These communities include nearly 2,000 commercial and industrial customer accounts, 
which typically have higher levels of water demands than residential customer accounts. These 
non-residential accounts include twenty-six manufacturing facilities, twenty-three schools, ten 
large retail stores, four office parks, and three hospitals. The PVSA currently has over 28,000 
service connections and, based on recent census data, serves an estimated population of 90,OOO. 
As shown in Graphs 3-1 and 3-2, the majority of service connections are residential and use 5/8 x 
3/4-inch meters. 

GraDh 3-1 Service Connections bv l b e  

A 

I 

SERVICE CONNECTIONS BY TYPE 

26, ,371 

1 \//48 

F 

25,865 - 
A 

A 
A - 

28,249 TOTAL, SERVICE CONNECTIONS 

The PVSA is comprised of the PVWS (PWSKD No. 11-009), ST (PWSID No. 11-012), TG (PWSID No. 11-076), 
a d  CP (PWSJD NO. 11-707). 
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___._ -- - -- - - rraph 3-2 Customer Meters by Size 
CUSTOMER METERS BY SIZE 

r 

i 
1 

TJCRSIZE 
5/8" x 3/4" 

m 1" 
2" 

m 3" 

4" 

GI 8" 

26376 

Ninety-two percent of all service connections are classified as residential service 
connections (most of which use 518 x 3/4-inch meters). Seven percent of service connections are 
classified as commercial, with the remaining one percent classified as industrial, private fire 
service, or other. Although comprising less than eight percent of all service connections in the 
PVSA, CommerCiat and industrial service connections account for forty percent of all water 
deliveries. The remaining sixty percent of the water is deIivered to residential service 
COlllltXtiOns. 

Water main installations track customer growth and, as a result, many new miles of 
transmission and distribution water mains and services were constructed in the mid-1970s and 
the 1nid-2000s, as shown in Graph 3-3. The PVSA also has older water mains and services, 
some of which were first installed in the early 19209, and which remain in service today, These 
old water mains show advanced camsion and other signs of aging, such as increasing 
occurrences of leaks and breaks, which lead to increased water loss and the need for costly and 
repeated repairs. 
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Graph 3-3 PyJ;Q Growth vs. Length of Mains 

3.2 Service Area Description 

As stated above, the PVSA is located in central Pinal County and contains over 232 
square miles, as shown in Map 3-1. The service area is bordered by the Ak-Chin Indian 
community to the West, the Gila River Indian community to the North, the town of Florence to 
the Northeast, and Arizona City and the City of Eloy to the South and Southmt. 
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Map 3-1 Pinal Vdley Service Area 
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3.3 Source of Supply 

PVSA customers receive their water from twenty-nine wells that have a combined total 
pumping capacity of over thirty-four MGD. Some of these! wells pump water to the PVSA's 
seven treatment plants and twenty-one water storage tanks, while others pump directly into the 
distribution system as separate points of entry. Five treatment plants remove arsenic, one 
removes nitrate and one removes both arsenic and nitrate. The storage capacity of the PVSA's 
twenty-one water storage tanks totals over seventeen million gallons. 

3.4 Distribution System 

As stated earlier, the installation of water Illltifls and service lines in the PVSA has 
followed the overall pattern of population growth. There are approximately 705 miles of water 
mains in the PVSA of varying size, material, and age. The water mains in the PVSA are 
comprised of a variety of materials such as: CAY CI, CLC, CU, DI, GS, PVC, Steel, HDPE, or 
materials of unknown material type. There are approximately 28,000 water service lines which 
are comprised primarily of CU, GS, PB and PE. 

Water mains vary in size fiom smaller than two inches in diameter up to thirty-six inches 
in diameter. Graph 3-4 and Table 3-1 below, show the lengths of water mains in service listed in 
miles and by pipe diameter. There are over 78 miles or 414,200 LF of water mains smaller than 
six inches in diameter, as shown in Table 3-1. In accordance with the Arizona Administrative 
Code ("AAC") R14-2-406 H.2, the Company's current design standards require water mains to 
be no smaller than six inches in diameter, which is also the predominant water main size 
comprising forty-four percent of the PVSA water mains. 
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raph 3-4 Miles of Water Main by Diameter 

Miles of Main in Service by Diameter 
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Table 3-1 Miles of Water Main in Service by Diameter 
Water Main Size Miles of Water Main LF of Main 

<+inch 8.60 45,385 
3-inch 5.15 27,2 10 
4-inch 64.70 34 1,597 
6-inch 309.38 1,633,537 
8-inch 156.00 823,705 
1 0-inch 9.55 50,423 
12-inch 114.93 606,84 1 
14-inch 0.88 4,6 1 8 
16-inch 28.50 150,486 
24inch 8.76 46,269 

I 36-in~h I 0.30 I 1.550 
I TOTAL I 706.75 I 3,731,621 
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4.0 SYSTEM CHARACTERIZATION AND ASSESSMENT 

As stated earlier, the PVSA has over 705 miles of water mains, some of which were 
installed in 1921 and have been in service for nearly ninety years. Graph 4-1 and Table 4-1 
below show the length of water main in service in the PVSA by decade installed. Table 4-4 
shows there are over 1 10,000 LF of wafer mains installed prior to 1950 and more than sixty years 
old. 

Graph 4-1 Water Mains Installed by Decade 

Miles of Water Mains in Service 
by Decade Installed 

1930-1939 1940-1949 
1920-1929 16.89 

t 1950-1959 
33.14 

H 1920-1929 

Unspecified 
13.32 

2m-2w9* 265.28 

--IIIIc.- 
1990-19991 1980-1989 

67.48 73.48 

\ 1960-1969 1930-1939 
37-54 H1940-1949 

H 1950-1959 b 1960-1969 

- 1970-1979 W 1970-1979 

E 1980-1989 
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Decade Water Mains Installed 
1920 - 1929 
1930 - 1939 
1940 - 1949 
1950 - 1959 

Miles of Water Mains 
2.80 
1.35 

16.89 
33.14 

The useful life of water mains varies considerably based on a number of factors including 
pipe material, soil conditions, and water quality; however, there is no standard for the estimate of 
useful life. Water mains are replaced as necessary subject to budget constraints; however, 
budget limitations do not always allow for replacements within the useful life time frame. As a 
result, the Company is experiencing an increasing frequency of water main breaks in the PVSA 
with water mains that are reaching the end of their useful life. The Company's situation is not 
unique as aging Mastructure is affecting water utilities nationwide (Leaks 1994). Locating and 
repairing water main leaks are an ixnportant aspect of the Company's water loss reduction 
program as described in detail in Section 5.3 of this report. 

1960 - 1969 
1970 - 1979 
1980 - 1989 
1990-1999 
2000 - 2009 
Unspecified 
TOTAL 

4.1 Water Main Material Types 

37.54 
195.47 
73.48 
67.48 

265.28 
13.32 

706.75 

Over the years, the sizes and materials for water mains installed in the PVWS have 
changed, as shown in Table 4-2. 

Material Type 
CA 

1920s 1930s 1940s 
320 5,952 88,177 

CI 
TOTAL 

CI pipes were commonly installed in the 1920s. CA water mains were used 
predominantly from the 1930s to the mid 1980s. During this time period, CA pipes were 
considered to have a longer usell life and better flow characteristics than CI pipes. DI pipe and 
C-900 PVC pipe have been used exclusively by the Company from 1986 to the present. Graph 
4-2 and Table 4-3 below show that a significant portion of the distribution system in the PVWS 
and PVSA, approximately forty-six percent, is comprised of CA water main. In addition, of the 
forty-six percent or 1,719,000 LF of CA water mains in service within the PVSA, 1,243,000 LF 
are six-inch or smaller. As described later in this section, CA water mains six-inch and smaller 
fail more frequently and have a shorter useful lifespan. 

~ 

13,960 1,087 457 
14,280 7,039 = a 4  
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iraph 4-2 Miles of Water Mains by Material o p e  

Miles of Water Mains in Service by Material Type 
PVC 

HDPE 
1.99 

GS 
0.53 

F - c1 
c u r  \ClC 3.01 

0.19 3.66 
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325.57 
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i? 
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. .  

'. 
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Concrete 

0 CU - Copper 

rn DI - Ductile Iron 

4 GS - Galvanized Steel 

4 PVC - Polyvinyl 
:y$$& Chloride 

Steel - Steel ., - . r e -  

Y HDPE - High Density 

E Unspecified 

Polyethylene 

I HDPE I 1 .w I 10,500 
Unspecified 0.03 175 

TOTAL # 706.75 3,73 1,62 1 
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Eighty-Seven percent or 3,240,000 LF of water mains currently in service are either DI or 
CA. Yet nearly 21,600 LF of water mains are comtmcted of unprotected metal. CI pipe has 
been used for water mains since the early 1800s. As with any ferrous type material, CI water 
mains deteriorate through pitting corrosion, graphitization, and tuberculation build-up. Cement 
lining applied to the interior of CI water mains reduces internal rates of corrosion. 
Unfortunately, cement lining of CI pipes did not begin until the 1940s. Consequently, CI water 
mains that were installed before 1940 suffer fiom both the internal and external effects of 
corrosion, M e r  increasing the potential for leaks. The rate and extent of corrosion of water 
main Materials is affected by environmental factors as well, such as the presence of oxygen 
supply, moisture, soluble salts, cathdc/anodic corrosion, SUE" reducing bacteria, water main 
installation methods, bedding materials, use of active and passive @odic protection systems, 
and other environmental factors. 

Unprotected metal water mains of all sizes in the PVSA experience failures from 
corrosion. Corrosion weakens the strudmd integrity of the pipe, increasing the likelihood of 
failure. Internal corrosion in CI water mains leads to the formation of loose porous pusf, ferric 
hydrofide Fe(OH)s, which crystakes  to fonn a build-up of corrosion on the internal unlined 
surfolce of the pipe, commonly referred to as tuberculation. Figure 4-1 provides an example of 
this build-up of corrosion on a section of four-inch CI water main installed in 1921 in the 
downtown Casa Grande area of the PVSA, which was replaced in September 2003. As shown in 
Table 4-3, there are approximately 15,899 LF of additional CI water mains that need to be 
replaced. 

Corrosion pitting usually occurs below the build-up of corrosion scale on the inner wall 
of the pipe. Such build-up causes operating problems by reducing the flow capacity of the wakr 
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pipe. Removing the build-up without applying a protective lining only causes the rate of pit 
corrosion to accelerate until a new build-up coating is formed (Thomson and Wang 2009). For 
these reasons, the standard industry practice is not to clean or otherwise disturb the build-up 
inside CI water mains. In addition to build-up and pit corrosion, graphitization of the inner pipe 
wall is also visible and shown in Figure 4- 1. Graphitization is a type of corrosion process that 
causes some of the iron to be removed from the pipe wall, leaving behind a graphite flake matrix 
held together by rust. Graphitization can form a solid substance creating the illusion of 
undamaged material. The matrix of graphite flakes is significantly weaker than the original CI 
material. This matrix may be strong enough to temporarily resist the forces of the pipe’s internal 
water pressure, but ultimately leads to leaks and failure. 

Water main failures are typically caused by forces applied to the pipe that exceed its 
residual strength, Le. its strength is reduced by the effects of corrosion. Forces on water mains 
include those produced by internal water pressure, bending forces, crushing forces, soil 
movement-induced tensile forces, and temperature-induced expansive forces. Bending of CI 
pipes, a type of loading condition, is a common cause of failure which can be made worse by the 
effects of corrosion. Another loading condition that commonly causes water main failures 
results from soil locking to the pipe wall through friction forces; after which soil movements 
create tension in the water main resulting in tensile failures (Makar et al. 2001). Rust of the 
outer pipe wall is shown in Figure 4-1. The rust effectively increases the coefficient of static 
friction between the pipe wall and soil, which can lead to increased tensile forces and ultimately 
to increased failures. The common causes of failure of CI and CA mains are described below. 

Common causes of CI water main failures, include blowout holes, circumferential 
cracking, bell splitting, longitudinal cracking, bell shearing, and spiral cracking. Smaller 
diameter water mains experience smaller forces from internal water pressure but have smaller 
moments of inertia, making them susceptible to longitudinal bending failures. Larger diameter 
water mains experience larger forces from internal water pressure and have higher moments of 
inertia, making them susceptible to longitudinal cracking and shearing at the bell (Makar et al. 
2001). Blowout hole failures occur when corrosion pitting thins the pipe wall to the point where 
the internal water pressure blows out the remaining, reduced thickness pipe wall. 

One of the most common reasons for failure of smaller diameter CI pipe in the PVSA is 
circumferential cracking caused by bending forces applied to the pipe. The failure crack 
propagates around the circumference of the pipe, and is visually similar to a twig snapping. Bell 
splitting is another common type of failure for smaller diameter CI pipe caused by thermal 
expansion and contraction. Longitudinal cracking is common in larger (larger than sixteen 
inches in diameter) CI pipes. Bell shearing is common in larger diameter CI pipes, since larger 
water mains have too high a moment of inertia to produce circumferential failures. Bell shearing 
failures are caused by compressive forces pushing the spigot of one pipe into the bell of the next 
or from bending forces. CI pipes larger than eight inches were not commonly used in the PVSA 
and, as a result, longitudinal cracking, bell shearing, and spiral cracking are not common types of 
failure experienced seen in the PVSA. 

CA water mains have been used commonly in the PVSA since the 1930s, as shown in 
Table 4-2. CA does not corrode in the same manner as ferrous (such as CI) water mains and was 
considered a superior product compared to CI. However, chemical changes occur in the cement 
substrate of the CA pipe due to the interaction of water and the internal surface of the pipe and 
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from the interaction of the surrounding soil and the external surface of the pipe. These chemical 
changes cause a loss of strength in the composite material. Deterioration of the pipe is not 
immediately visible, as no color change or reduction in wall thickness is typically seen. Changes 
in material or pipe integrity are also not immediately visible. CA pipe deteriorates through the 
decomposition of hydrated silicates in the cement mortar due to the leaching of calcium 
hydroxide. As the calcium hydroxide leaches out of the CA pipe, hydrated silicates decompose 
and release more calcium hydroxide. This degenerative process continues until most of the 
hydrated silicates are decomposed, resulting in material that is weaker and unstable, which 
ultimately leads to leaks, breaks, and failure of the pipe. Although the available anti-corrosion 
techniques for metal pipe have advanced due to requirements of the oil and gas industries, CA 
water pipe construction has not benefited from similar advancements. The Company's use of CA 
water mains in new installations ended in 1986 when it changed its specifications to require the 
use of only DI pipe (or in the Coolidge area PVC C-900 pipe). 

Size 

Concerns over the failure and useful life of CA water mains have prompted many studies. 
For example, a study that analyzed pipe breaks in urban water systems identified the positive 
relationship between the rate of pipe breakage and age (Kettler and Goulter 1985). This 
confirms the Company's concern that water leaks are increasing as its water system ages. Other 
studies have shown that the pipe breakage rate is influenced by pipe diameter, with a higher 
breakage rate for smaller diameters (Guan 1995, Mordak and Wheeler 1988). The thinner pipe 
wall and lower bending moment resistance of smaller diameter pipe can be attributed to the 
higher breakage rate (Mordak and Wheeler 1988). The Company has over 1,243,238 LF or 
seventy-two percent of the CA water mains in the PVSA that are six inches in diameter and 
smaller, as shown in Table 4-4. 

LF 
I 5 6-inch I 1.243.23 8 I 
I > 6-inch I 475.784 I 

Based on the leak repair history data collected and presented in Appendix 9.1 the 
Company has considerably more leaks on smaller diameter (six inches in diameter and smaller) 
CA water mains compared to larger diameter CA water mains. For example, Figure 4-2 below 
shows a picture of a blowout hole failure for a CA water main in the PVSA. This is the most 
common reason for water main failure in the PVSA due to the existence of corrosive soils. The 
Mordak and Wheeler 1988 Study supports this phenomenon. 
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Fiazrre 4-2 Blowout Hole Failure 

L. a 

.e 
I .  . . , _ .  .. . 

All mains are subject to deterioration and increased risk of M u r e  with age. Water mains 
made of CI and CA must be replaced since they are reaching the end of their useM lives, and 
8ccount for over ninety-nine percent of all water mains in this age group, as shown in Graph 4-3 
and Table 4-5. Based on this in fodon ,  a primary focus of the Company's proposed 
replacement projects identified in section 6.3, is to concentrate on the replacement of CI water 
mains and smaller diameter CA water mains which have documented excessive breaks and leaks, 

... 
2 : . -- 
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Graph 4-3 Water Mains Installed between I920 and I949 ty Material Ijpe 

LF of Pipe Installed 1920-1949 In Service by 
Material Type 

GS STL 
4 9 4 7  CI 208 
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Table 4-5 Wider Mains Installed Between 1920 and 1949 by Material n p e  
I Material 1 LF 1 Percentage I 
I CA I 94.449 I 85.000h I 

CI 15,504 13.96% 

GS 208 0.19% 

STL 947 0.85% 
TOTAL 111,108 100% 

4.2 Average Age of Water Mains 

The oldest CI water mains in the PVWS are approximately ninety years old, and the 
oldest CA water mains are approximately seventy five years old. From the approximately 1,500 
leaks recorded in the PVSA in recent years as summarized in Appendix 9.1 and the age of the 
water mains in the PVSA, these CI and CA water mains have reached the end of their useful life 
and require replacement. 

The magnitude of the capital investment made in the PVSA distribution systems to 
provide safe, reliable and adequate water service to the Company's cusfornefs is Substantial. 
Water mains are ofken taken for granted because they are a hidden resource buried underground 
and out of sight. The AWWA has coined the term "The Replacement Era" to refer to the years 
2000 to 2030, in which a sigaificant portion of the Nation's water distribution system 
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infrastructure will need to be replaced (Cromwell et al. 2001). Over the next three decades, 
water utilities will routinely need rate adjustments to recover increases in the cost of service 
resulting fiom water main and service line replacements. The AWWA projects that utilities such 
as the Company will require significant adjustments in revenues to recover the costs associated 
with these expenditures (Cromwell et al. 2001). 

The Company's investment needs for water main replacements are forecasted on an 
annual basis for the PVSA. The replacement needs are based on the current age of the water 
mains and their estimated useful lives. The Nessie Curve analysis is a method to graph annual 
replacement needs based on the date of water main installations and their expected useful life. 
The Nessie Curve reflects the original water main installation pattern for the PVSA. That pattern 
is similar to the graph of demographics that predicts future liabilities for the Social Security 
Trust Fund (Cromwell et al. 2001). By modeling the installation pattern and the life expectancy 
of water mains, the Company has estimated the timing and magnitude of the investment needed 
to fund these replacements. The analysis shows approximately 287,000 LF of water main or 
approximately 7.7 percent of the PVWS needs to be replaced including 3,700 plastic service 

of $41 million as detailed in Appendix 9.1 1. This analysis is based on a complete review of the 
documented water main and service line repair history summarized in Appendix 9.1. Graph 4-4 
below shows the predicted water main replacement needs in the PVSA based on various water 
industry studies, some of which are listed in this section. 

lines, and another 3,500 galvanized steel service lines over the next 10 years at an estimated cost 

. \  

Graph 4-4 Rate of Water Main Replacements 
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Graph 4-4 shows that a significant increase in the rate of water main replacement is 
necessary. The historic replacement rate of water mains from 2000 to 2009 is approximately 
5,900 LF per year and is the starting point for the graph. Graph 4-4 shows that the current need 
is approximately six times the current rate of replacement. Each year, these costs increase and 
the quantity of aging and failing water mains and service lines is increasing, making it an 
increasingly difficult task to replace such aging mains and services. 

4.3 Service Line Materials 

Water service lines are typically constructed from several different types of materials 
including CU, plastic, PVC and GS. CU water service lines may become pitted by internal and 
external corrosion, leading to leaks or breaks increasing water loss. GS water service lines are 
subject to corrosion, similar to signs of failure as seen in water mains, including pitting corrosion 
and internal build up. Commercial plastic pipe was first introduced in the United States in the 
1940s. In 1948, large-scale production of plastic pipe began with the introduction of PE which 
was used in various water applications (DeBerry et al. 1982) and was first used for water service 
lines and household plumbing. 

PE is formed by the polymerization of ethylene. PE has a very high chemical resistance 
and as a result, cannot be joined using adhesives or solvent cements, but instead must be joined 
by compression or thermal fittings. PE pipe used by the Company for service lines had carbon 
black added as part of the manufacturing process, which was a common method to protect from 
ultraviolet radiation (sunlight deterioration). Another plastic pipe used for service lines was PB. 
PB has a rigidity similar to that of low density PE, but has a strength greater than that of HDPE. 
Unlike PE, PB has the ability to retain strength with increasing temperature. Its initial flexibility 
made it a prime candidate for use in water service lines. Compared to metals, thermoplastics 
such as PE and PB offer significantly higher corrosion resistance. Thermoplastics are not 
susceptible to electrochemical and galvanic corrosion because they are not conductors, like metal 
water mains. PE and PB pipes are also not affected by stray currents in the soil. Stray currents 
in soil can come from active cathodic protection systems; such as those used by gas companies 
for protection of steel pipelines. Other forms of stray current can come from various electrical 
sources, such as power lines. This resistance to electrochemical corrosion alleviates the need for 
cathodic protection and special coatings. Thermoplastics are also not significantly affected by 
the inorganics in drinking water, or the chemicals used in water treatment such as acids, bases 
and brines. At the time of their installation, the water industry determined that PE and PB 
service lines were the superior replacement. 

However, unlike steel, DI and CU, environmental stress cracking is a significant factor in 
plastic pipe degradation. This form of degradation is due to stress concentrations on the plastic 
pipe, particularly at joints and fittings. 1) forced 
alignment of pipe and fittings, 2) thermal expansion and contraction, 3) settling structures, and 4) 
long-term dimensional changes (DeBerry et al. 1982). 

These concentrated stresses arise from: 

The Company installed PE and PB water service lines fiom the late 1960s to the early 
1980s. Plastic services like PE and PB were commonly used by the water industry in the 1970s 
which is when the Company installed most of its plastic water service lines. Decades later, 
plastic service line failures have increasingly led to leaks and breaks which initially required 
repairs, and eventually full replacement. The Company estimates that approximately 3,700, or 
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thirteen percent, of the water service lines installed in the PVSA were constructed of either PE or 
PB materials. Because of the high percentage of PE and PB water services, failures from PE and 
PB services are commonplace and a significant contributor to water losses. Two of the problems 
commonly seen by the Company on failed plastic services are forced alignment of pipe and 
fittings, and thermal expansion and contraction. Currently, CU is used for all water service lines 
up to and including two-inches in diameter. In the previous four to five years, the Company has 
noticed an increasing trend of pinhole corrosion leaks in copper water service lines due to 
corrosive soils and, as a result, the Company now requires polyethylene encasement in such 
types of service lines. 

4.4 Polyethylene Encasement 

The Company requires the use of polyethylene encasement (or polywrap) of its DI water 
main and CU service line installations for corrosion protection, which consists of wrapping the 
pipe with polyethylene tubes or sheets. Polyethylene encasement has been used worldwide for 
more than fifty years as an effective corrosion protection system for CI, CU and DI pipe. Once 
installed, polyethylene encasement is a passive protection system that does not require 
monitoring, supervision, or maintenance. The first national standard in the United States for 
polyethylene encasement ANSVAWWA ClOYA21.5) was adopted in 1972. In 1974, the 
American Society of Testing and Materials issued a standard for polyethylene (ASTM A674). 
The Company currently follows these national standards. 

Polyethylene encasement acts as a film that prevents direct contact between the water line 
and the surrounding soil. Any water that enters the annular space between the polyethylene 
encasement and the water line, with its available oxygen, reaches a stagnant equilibrium in which 
the oxidation process stops long before damage occurs to the DI pipe. This is due to the limited 
availability of oxygen, which is needed for corrosion to occur. Further, pinholes in the loose 
polyethylene wrapping material do not significantly diminish its ability to protect the water line 
against corrosion. 

In June 1986, a soil survey report was conducted on several of the Company’s water 
systems, including the PVWS water systems. This survey was performed in conjunction with the 
Company’s change in specifications from CA to DI water mains, and was used to help determine 
whether external corrosion protection was needed for the installation of DI pipe in its various 
water systems. Test locations were selected in various portions of CG and CL, and assumed to 
be representative of future pipe installations, see Map 4-1. All field and laboratory procedures 
were conducted in accordance with Appendix A of ANSVAWWA ClOYA21.5 Standard. 
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Map 4-1 DIPRA Soil Survey Testing Locations m the PVSA 
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The soil survey report used the industry accepted "10-Point" method to determine soil 
corrosivity per Appendix A of ANSUAWWA C105/A21.5 Standard. Under this method, the soil 
is analyzed for: resistivity, pH, redox potential, sulfides and moisture. All of these 
characteristics have been proven to contribute to soil corrosivity. Points are assigned through a 
piecewise function of each of the soil characteristics measurements. Values that are more 
corrosive are assigned more points. The soil is considered corrosive to CI and DI pipes when the 
sum of all the points for the five soil properties listed above is greater than or equal to ten points. 
The point scale for soil resistivity has changed since the soil survey report was performed in 
1986. Table 4-6 below shows the difference in values. 

Table 4-4Corrosivitv Point Scale 

Year 
Standard 

With the new national standards adopted, the Company anticipates updating the Soil 
Survey for the PVSA in 201 1 and 2012. 

The point scale in 1986 required the resistivity value to be much lower in order to be 
considered corrosive. However, there have been many studies (Tucker 1986) showing that soil 
resistivity is the soil characteristic that contributes the most to soil corrosivity. Tables 4-7 and 4- 
8 below, show the results of the soil resistivity measurements taken fi-om the sample locations in 
the CG and CL areas reported in the soil survey report. 

P:W1 Pinal Valley Water LossPinal Valley Water Loss Report\Water Loss Reduction Program for the PVSA Final 12.29.10 .do= 
AJH:THH:& I 12/29/10 I4:03 AM 

Page 27 



1 DeerRun I 2200 I 

Coolidge Test Locations 
Arizona Blvd and Northern 
Vah Ki Inn and Christensen 
Valley Farms 
Kachina and Havasupai 
9th Street at Northern 

Table 4-8 Coolidpe Soil Resistivitv 
Resistivity 

ohm-cm 
800 
1440 
1000 
4800 
1000 

11 Mile Corner Road and Arizona Road 
Tierra Grande 

I Wilson and Main 1 1440 1 

440 
1440 

I Randohh Bateman and Highwav 87 I 116 I 
I Kleck Road and 11 Mile Corner Road I 1200 I 
I Bartlett Road and 11 Mile Corner Road I 3320 I ' 

Using the point scale in the report, two locations in CL and three locations in CG have 
resistivity values under 700 ohm-cm, resulting in ten points being assigned to these locations. 
Using the most recent scoring system, nine out of eleven locations in CL, and nine out of twelve 
locations in CG, have resistivity values under 1,500 ohm-cm, resulting in ten points. Using 
either the past or current scoring system, the soils in the CL and CG areas are considered 
corrosive to CI and DI pipe. 

The soil survey report concluded that polyethylene encasement, in accordance with 
ANSUAWWA C105/A21.5 Standard, is required for DI water main installations in CG and CL 
to protect against corrosive soils due to low soil resistivity. Field observations and local 
information were also available to determine the presence of stray currents in the soil in portions 
of the CL area. The stray current is due to localized anode beds protecting natural gas pipeline 
systems (Tucker 1986). Due to the increased threat of corrosion damage related to stray 
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currents, the Company changed its specification to require the installation of PVC C-900 water 
mains in the Company's CL water system. 

4.5 Break and Repair History 

Approximately 1,500 leaks and breaks have been recorded, mostly since 2005, in the 
PVSA. Leaks, repairs and replacement histories are listed in Appendix 9.1. Data collected 
included the date and location of the leak, as well as the source of the information. This data was 
gathered fkom the Company's records, which included Work Order forms, Blue Stake records, 
repair records noted on the Company's water system maps, and Company employee notes. The 
majority of the leaks gathered in Appendix 9.1 were recorded Erom 2005 through 2010, although 
the data shows that leaks had been occurring before this time period as well. Per Graph 4-6, the 
number of leaks and breaks per year has been increasing, showing a deterioration of water nnaifls 
and service lines, as well as a higher probability of future water main and service line leaks and 
breaks in the PVSA. 

h p h  4-5 Leah by Trpe and Year 
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break for every workday. Additionally, the number of recorded water main breaks alone has 
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According to the EPA, there are more than 240,000 water main breaks per year or a water main 
break 650 times per day in the United States (AWI 2009). The fiequency of water main breaks 
in the Company's PVWS is consistent with the EPA report. Information on water main and 
service line leaks, breaks, repairs and replacements, was used by the Company in this d y s i s  to 
assess the condition of infrastructure. Graph 4-5 shows an upward trend in water main leaks and 
breaks fiom 2005 through 2010. Considering all of the efforts and costs associated with 
repairing a leak or replacing a section of pipe, it is important to address the causes of these 
increasing water main and service line leaks and breaks. Water main and service line leaks and 
breaks are commody located under asphalt or sidewalks, which adds difficulty to locating the 
leak, as well as increasing the cost of repairs or replacements. In addition, tmfEc control is often 
required to redirect vehicular and pedestrian traffic around the affected areas. A sufficient work 
area is needed for employees and equipment, including backhoes, to excavate, stoclspile 
materials, locate, and repair the leak or break. These are just some of the challenges the 
Company faces in making timely repairs and replacements of failed in.f?astructure in order to 
reduce water loss. 

Graph 4-5 indicates that the condition of the PVSA is showing signs of deterioration over 
time. An EPA research program titled "Aging Water Infrastructure Research Program", supports 
this finding. The program concluded that the number of water main breaks increases 
substantially as water mains near the end of their useM service life (AWI 2009). Water main 
and service line leaks and breaks in the PVWS have been plotted on a series of maps that can be 
found in Appendix 9.2. Water main repairs are indicated by a solid filled water drop while 
service line repairs are indicated by a unfilled and rotated water drop. The maps are also color- 
coded based on the installation year of the water main. (Refer to the map legends for details.) 

5.0 COMPANY MEASURES TO IDENTIFY AND REDUCE WATER 
LOSS 

5.1 Water Losses 

The Company calculates and reports water loss for the PVWS and other PVSA systems 
in accordance with ADWR reporting requirements in ADWR's TMP for the Pinal Active 
Management Area. 

For the 'IMP period, ADWR provides that certain non-billable deliveries are excluded 
fiom the water loss calculation. 
Section 5.7.6.2 of the TMP titled "Distribution System Requirements" and are also listed in 
detail in Appendix 5-J of the TMP. Non-billable deliveries include water delivered for fire 
flows, distribution system flushing, tank overflows, well flushing, and water necessary for 
efficient pump operation. Water loss is calculated by subtracting both billable and non-billable 
deliveries from the amount of water produced. The difference between these two amounts is 
what is determined to be water loss, and is usually represented as a percentage of the total 
amount of water produced. Pertinent excerpts fiom the ADWR TMP related to water loss are 
included in Appendix 9.3. 

Those categories of non-billable deliveries are summarized in 

Water losses can be grouped into two broad categories: real and apparent losses. Real 
losses are the actual physical losses of water fiom the distribution system such as leaks and 

Page 30 



breaks. Apparent losses are the non-physical losses that occur due to meter inaccuracies, data 
handling errors, and unauthorized consumption. Real losses can be reduced with timely repairs 
of leaks and breaks, a comprehensive leak detection program, and replacement of aging 
infrststnrcture. Apparent losses can be reduced through the implementation of a comprehensive 
meter maintenance program and meter selection review, as well as implementing procedures to 
reduce water theft. The Company's leak repair program, meter maintenance program, and meter 
selection review will be discussed in greater detail in Section 5.4 through Section 5.6. 

The following Tables and Graphs are for the two water systems within the PVSA with 
water loss currently exceeding ten percent. Water losses in the CL water system have trended 
upwards over the past three years. Although the CP water system is trending downward, it still 
exceeds ten percent water loss. 

Table 5-1 Coolidge Water Loss 
COOLIDGE WATER Loss 
(THOUSANDS OF GALLONS) I (THOUSANDS OF GALLONS) 

BILLABLE NON-BILLABLE PERCENTAGE 
DELIVEIUES DELIVERIES WATER Loss YEAR PRODUCTION 

2007 769,435.3 682,057.6 12,693.2 9.71% 

2009 771,616.4 673,488.2 14,707.1 10.81% 
2010* 770,593.0 666,443.6 16,958.6 11.31% 

2008 736,319.3 689,454.2 21,631.2 , 3.43% 

*12 months ending September 2010 

BILLABLE NON-BILLABLE PERCENTAGE 
DELIVEIUES DELIVERIES WATER Loss YEAR PRODUCTION 

2007 769,435.3 682,057.6 12,693.2 9.71% 

2009 771,616.4 673,488.2 14,707.1 10.81% 
2010* 770,593.0 666,443.6 16,958.6 11.31% 

2008 736,319.3 689,454.2 21,631.2 , 3.43% 

*12 months ending September 2010 

3raph 5-1 Coolidge Water Loss Percentage 
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Table 5-2 Coolidge Municipal Airport Water Loss 
COOLIDGE MUNICIPAL AIRPORT WATER Loss 

(THOUSANDS OF GALLONS) 
BILLABLE NON-BILLABLE PERCENTAGE 

DELIVERIES DELIVERIES WATER Loss YEAR PRODUCTION 

2008 9,189.2 1,986.2 350.0 74.58% 
2009 3,645.0 2,217.0 - 39.18% 
2010* 4,095.2 2,334.1 176.0 38.71% 

*12 months ending septgnba2010 % 

Graph 5-2 Coolidge Municipal Airport Water Loss Percentage 
t 

COOLIDGE MUNICIPAL AIRPORT WATER LOSS BY YEAR 
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Water loss in CG has approached, but is currently below, ten percent; however, there are 
still areas of concern within the CG system that are masked by the increased customer growth 
and the installation of new water mains less susceptible to leaks and breaks. As noted in Graph 
5-3, the volumes of unsold water (which includes water loss) for CG has increased since 1992. 
These increases in water loss are masked or offset by the tremendous customer growth. To 
represent this large customer growth b e e n  the years of 2003 and 2008, approximately 9,200 
new service connections were installed. 
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Graph 5-3 Casa Grande UnsoId Water by Year 
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5.2 Company Resources 

The Company focuses a number of resources, including employees and equipment, to 
reduce water loss in the PVSA. The Company has six full time service employees in the PVSA 
whose primary job duties are to repair leaks and breaks. Additional service employees are 
dispatched when necessary. In addition to service vehicles, the PVSA service employees have 
four backhoes, three dump trucks and a vacuum excavator (Figure 5-1) available for their use in 
repairing water main and service line leaks and breaks. There are also two utility trailers (Figure 
5-2) fitted with the additional tools and equipment necessary to make timely repairs of leaks and 
breaks. 
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5.3 Locating and Detecting Leaks 

Meter readers report observed service line leaks in their normal course of reading meters. 
The role meter readers play is essential to system monitoring, as they visually inspect the entire 
system for leaks and breaks as part of their routine duties. When a meter reader discovers a leak, 
the information is entered into their handheld meter reading equipment, which then generates a 
trouble report at the local office. If the leak is severe and warrants immediate attention, the 
meter reader will contact the local office for its immediate repair. In this manner, leaks can be 
repaired even before the meter readers complete their shift. 

In addition to visual inspections conducted by the Company's meter readers, the 
Company uses three complementary types of leak detection equipment, which help employees 
identify the location of water leaks more efficiently than other more labor-intensive methods. 
The first type of leak detection equipment is a listening device, such as an acoustic noise 
amplifier or geophone. 
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The acoustic noise amplifier, as shown in Figure 5-3, is a highly sensitive set of 
"earphones" equipped with signal amplifiers and noise filters to isolate the sound vibrations of a 
water leak. It is usually placed on the ground above the water main, but can also be placed on 
meters, valves, or directly on the water main. In addition to the disc-shaped listening device, 
many models are equipped with a listening "rod" for even more precise locating and ease of 
contact with the water main. The geophone, as shown in Figure 5-4, is a simplified version of 
the acoustic noise amplifier in that it is not electronic, but works in much the same manner (i.e. 
the listening device is placed on or above the water main and the operator listens for the sound of 
a leak). 

A second type of leak detection equipment, known as the digital leak detection logger 
(Figure 5-5), is used to survey a larger area of the distribution system to locate potential leaks 
that would otherwise go undetected by visual inspection or listening devices. The data logger, as 
shown in Figure 5-6, is used to gather data during low noise times (such as between midnight 
and 2 am.) when water use and related noise is lowest and traffic noise is at a minimum. 

Figure 5-5 Leak Detection Logger 

The leak detection logger consists of eight listening devices, or 'lloggersll, which are 
strategically placed on valves, hydrants, meters or directly on the water main throughout the 
water system. The loggers are programmed to communicate with each other at three scheduled 
intervals to pinpoint the location of a leak. The information is then downloaded onto a laptop 
computer and analyzed to determine if there was any leak "noise" identified between the loggers, 
as shown in Figure 5-7. 
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If leak noise is identified, a "correlation spike" will present itself in the data, as shown in 
Figure 5-8. At this time, the operator can input the pipe size, material type, and distance between 
the loggers to pinpoint the location of the leak. 

- 
4 
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The third type of leak detection equipment, the digital leak comelator, as shown in Figure 
5-9, is used to pinpoint the location of the leak noise on a real-time basis, as well as confirming 
or validating locations of suspected leaks identified through surveys conducted by the digital 
leak detection logger or geophones. 

The comelator consists of two transmitters that are placed on valves, hydrants, or meters 
by a special sensor mounting device or directly on the water main itself. When searching for or 
pinpointing leaks, the size, material type, and length of each pipe that is located between the 
tran~~tters must be entered into the main processor, as shown in Figure 5- 10. 
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If leak noise is observed, a spike appears on the main processor screen along with the 
calculated distance h m  the leak to each of the transmitters, as shown in Figure 5-1 1 below. 
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When using the correlators, employees confirm the validity of the data by moving the 
transmitters to alternate locations to verify the original reported location of the leak (i.e. the 
indicated point of leak). When comparing the output from each correlation, locating or 
predicting the same point of leak confirms the point where repair crews should begin to excavate 
for repairs. 

There are drawbacks and challenges to using any type of leak detection equipment, 
including electronic leak detection equipment. Because sound resonates much better on metal 
pipe, systems with large amounts of non-metallic and/or plastic pipe (such as the CL water 
system) do not always achieve the same consistency or reliability of results when using detection 
equipment to locate smaller leaks. Outside noise that is not associated with leaks such as road 
trafic, electric transformers, other utility lines, and functioning meters will interfere with, and 
can skew, results fiom electronic leak detection equipment. 

PVSA employees undergo extensive training in the proper operation, use and 
interpretation of results generated from leak detection equipment. The use of these types of 
equipment has proven to be an effective tool used to locate water main and service line leaks and 
breaks and help to reduce water loss. For example, using these and other system monitoring and 
leak detection techniques, over 16,000 employee hours were spent to identify and repair 244 
water main and service line leaks and breaks during the twelve month period ending September 
2010 in the PVSA. The Company also uses the Leak Detection EffortdLoss Control form 
(shown in Figure 5-12) to assist in the collection of water leak data. This form is completed each 
time a leak is discovered and repaired, providing a detailed accounting of the leak and its repair, 
including the location, pipe condition, cause of leak, employee-hours and associated costs. The 
information collected on this form is used to help determine the timing and priority of water 
main and service line replacements, and aids in focusing water loss reduction efforts in areas 
where additional leak detection efforts are needed. 
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Figure 5-12 Leak Detection Eflorts Loss Control Form 

A R I Z O N A  WATER COMPANY 

LEAK DETECTION EFFORTS 
LOSS CONTROL FOR1 

PAGE t (REQUIRED FOR USE IN MRlFYlNGTHlS PAGEWITH THE LEW DETECTION PROGRAM FOFdvI) 

DATE: DMSION WSTEM LEAK #: 

TYPE OF LEAK SERVICE MAIN 0 VOLUME (GPM) 

LOCATION OF LEAK: LEGAL DESCRIPTION. Y. SEC. SEC T. R. 

ADDRESS # STREET NAME' 

LOT% 

LOWTION: (eo. M N O R  CROSS STREETS. INTERSECTION) 

SUBDIVISION NAME' (e.g. PINEWOOD UNR 1) 

PIPE CONDITION: 

PIPE PIPE PIPE PIPE DEPTH OF COVER: 
YEAR: MATERIAL: SIZE: LENGTH: (INCHES) 

EXTERIOR C O ~ I T I O N  (CIRCLE ONE) BAD POOR FAIR GOOD EXCELLENT 

EXTERIOR CONDITION DESCRIPTION: @.a. CORROSION. P F S .  CW\CKS) 

I 
POLY-WRAPPED: YES O NO 0 
INTERIOR CQNDITION (CIRCLE ONE) BAD POOR FAIR GOOD EXCELLENT 

INTERIOR CONDlTlON DESCRIPTION: (eo. CORROSION, PKS.TURBERCUIATION, SCOURING, SLIME GROWrH) 

I 

DESCRIPTION OF LEAK (eo. PINHOLE. RAM& CRMK. plxw CRACK. ~OUPLINO~JOINT. C O L ~ P S Q  

M U S E  OF LEAK: @.a. CORROSION. FREEZING. EEDDING/BACKFILL. EARTH SETTLING. SURGE.ADJ. CONST.ACTIVITIES) 

DESCRIPTION OF REPAIRS MADE: 

I 
REQUIRED ATTKHIIIENT: COPY OF !&ATUS WllH LOCATION OF LEAK MARKED WITH A RE 0 'I" 
REQUIRED A l T K H M N T :  MATERIALS) LIST M D  COSTS) 
REQUIRED DIGITALPHOTOS: E N M E  FILE TO MATCH LEAK #{FORMAT0001-01 JPG. 0001-02.JPG. EK...] 

PLWEDIGRAL PHOTOS INTHELEAK DETECTION DIRECTORY UNDER 
THEAPPROPRLSTE DMSIOWSYSTEM ON THE COMPANY SERVER 

EMPLOYEES INVOLVED IN REPAIRS: HOURS 

TOT AL HOURS 

LEAH DETECTION EQUIPMENT USED: WM] 
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5.4 Leak Repair 

The Company reduces water loss in the PVSA caused by leaks and breaks through timely 
maintenance and repairs. PVSA employees schedule repairs of smaller, less-significant water 
main and service line leaks as soon as possible, while water main breaks are always repaired on 
an emergency basis. Water losses caused by water main and service line leaks, compared to 
breaks, are more problematic, as they are not always easily detectable or visible, except through 
more advanced methods of detection, such as the use of listening devices, leak detection 
equipment (discussed above), and by conducting leak surveys. 

5.5 Meter Maintenance Program 

The Company’s meter maintenance program establishes the criteria for meter removal 
and for repairs or replacement. The Company does not replace water meters based solely on 
years in service. Repairing or replacing all meters based solely on years in service, without 
regard to gallonage and water quality, is not an effective and efficient use of capital expenditures 
or labor resources. Rather, the Company’s meter shop has established comprehensive 
maintenance criteria based on gallonage, length of time in service and water quality. Water 
quality varies between systems and even within a system. These variances can have a significant 
impact on the useful life of a metering device. For example, the presence of sand and other fine 
materials can lead to abrasive wear on meters. Build up or deposits from hard water can cause a 
meter to under register, resulting in increased water loss. 

The Company’s meter shop performs periodic, random tests on each water system’s 
meters to provide an ongoing assessment of the suitability of meter change-out criteria for each 
system. In this manner, the Company ensures that meter accuracy is maintained within industry 
standards, and is regularly confirmed through meter testing, while still keeping apparent losses 
due to meter inaccuracies low. The PVSA complies with the Company’s meter maintenance 
program and its ongoing meter testing program. For the twelve-month period ending in 
September 2010, 1,834 meters were either repaired or replaced in the PVSA. 

5.6 Meter Selection Review 

Using information provided by the Company’s meter shop, the Company’s Engineering 
department reviews new meter applications prior to establishing water service. Typically, 9 8  x 
3/4-inch water meters are installed for new residential subdivisions. Residential and non- 
residential meter applications that require one-inch or larger water meters can result in wide 
ranges of flows, with the largest meter applications typically including fire flows. Different 
types of water meters have different characteristic accuracies that vary with flow rate. Meters 
are designed to provide a high level of accuracy throughout such ranges of flows according to 
AWWA and other water industry standards, although they are not one hundred percent accurate 
at all flow rates. Within a specific size of meter, different meter types (Le., turbo, compound, jet, 
etc.), have different accuracies of flow over various flow ranges. As a result, the Company’s 
Engineering department determines the appropriate size and type of meter for each specific use 
to meet the service needs and accurately measure all water provided throughout the anticipated 
range of flows. Again, apparent losses remain low when the correct meter is chosen for the 
particular application. 
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6.0 RECOMMENDATIONS 

2005 
2006 
2007 
2008 
2009 

6.1 Areas Needing Improvement 

69 18 87 
110 22 132 
176 48 224 
219 53 272 
154 98 252 

According to the data collected by the Company's field employees, approximately 1,500 
leaks were recorded and repaired, most of which occurred during the period from 2005 through 
2010, as discussed in detail within Section 4.5. 

Appendix 9.1 lists all of these recorded leaks and provides more detailed information including: 

1. Location of the leak 

2. Date of leak 

3. Type of leak (i.e. water main or service line) 

4. Repairs vs. replacements 

The overall map included in Appendix 9.2 shows the geographic distribution (by section, 
township, and range) within the Company's PVSA where extensive leaks (greater than twenty 
per section) were found. On this overall map, each section has different color and cross-hatching 
used to distinguish between the following areas: 

1. Areas with more than 20 reported leaks repaired since 2005 

2. Areas with water mains greater than 50 years old 

3. Areas evaluated for replacement projects 

The number of recorded leaks per year has increased over the last five years (see Table 6- 
1 below). Information for 2010 does not show data for a full year. 

Table 6-1 RecordedLeaks for the PVSA 

I RECORDED LEAKS FOR THE PVSA I 
I YEAR I SERVICE I MAIN I TOTAL I I I I I 2004andearlier I 200 I 55 I 255 1 

Approximately seventy-four percent of the repaired leaks in Graph 6-1 and Table 6-1 
were service line leaks, primarily related to failing PE and PB service lines. 
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Gravh 6 1  Recorded Leaks in the PVSA 

TOTAL NUMBER OF REPAIRED LEAKS 

m Service 

W Main 

Of the reported service line leaks that noted the material of the failed service line, 
approximately sixty-nine percent were PB or PE plastic services. Where reports on service line 
leaks did not note the material type of the fded service line, the majority were found to be 
tapped onto water mains installed during the 1970s, when, as mentioned earlier, plastic water 
service lines were typically installed in the PVSA. The failure of plastic water service lines has 
been a growing problem in the PVSA, as well as the Company's other systems. Based on this 
evidence, the Company has determined that a more aggressive plastic service replacement 
program is needed in the PVSA. The fdure of plastic water service lines is not unique to the 
Company, as other water utilities have experienced similar problems. PB pipe was used to serve 
at least 6 million homes in the United States, 80,000 of which are in Arizona (Leaks 1994). As a 
local example, the City of Scottsdale now prohibits the use of PE and PB in any water system 
installation (MAG 2010). Proposed projects to address this issue are discussed in Section 6.3 
below. 

With approximately 1,500 leaks recorded across the PVSA, the areas needing water main 
and service line replacements were prioritized. Table 6-2 below shows the sections of the 
distribution system with the largest number of recorded leaks. 

i 
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Table 6-2 PVSA Largest Number of Leaks by Section 
PVSA LARGEST NUMBER OF LEAKS BY SECTION 

MAP LOCATION MAIN SERVICE TOTAL 
LEAKS LEAKS LEAKS 

The first geographic area to be addressed is the Old Town Coolidge area which 
corresponds to Maps C, D, and E in Appendix 9.2. This area has shown a history of significant 
service line and water main leaks and breaks. The majority of the water mains in this area are 
CA water mains installed in the 1930s and 1940s. There are more than 500 recorded leaks 
repaired in the last five years in the Old Town Coolidge area per Table 6-2 above. Because of 
the large number of water main and service line leaks and breaks repaired in this area, the 
proposed replacement program will include the replacement of both water mains and service 
lines. Individual replacement projects for this area are listed in Section 6.3 below. 

The next geographic area to be addressed is the Downtown Casa Grande area which 
corresponds to Maps A and B in Appendix 9.2. This is an area with the oldest water main still 
in service in the PVSA. The majority of the water mains are CI which were installed in the 
1920s. The break and leak repair history for this CI water main shows that this water main has 
exceeded its useful life as similarly estimated in Section 4.1 above. This CI water main has 
shown signs of advanced aging and has resulted in problems such as leaks from corrosion. 
Significant rust and scale build up require extraordinary volumes of flushing to maintain water 
quality, resulting in significant non-billable deliveries. In addition to these water loss issues, the 
old CI water mains in this area provide inadequate fire flows as a result of new higher fire flow 
requirements, rust, and caused by the presence of scale build up restricting flows. The CI water 
mains in this area are included in the proposed replacement projects listed in Section 6.3 below. 

The next geographic area to be addressed is the North Casa Grande area which 
corresponds to Maps F and G in Appendix 9.2. Water mains and services were installed in these 
areas during the 1970s. The break and repair history shows that there have been a significant 
number of service leak repairs on the plastic services in these areas. The proposed projects for 
replacing plastic services in these areas are listed in Section 6.3 below. 

6.2 Distribution System Analysis 

In order to evaluate the condition of the existing system, prioritize the water mains to be 
replaced, and specify the most appropriate replacement site, distribution system models were 
created for each area identified as having the most leaks. Distribution system models are 
effective tools used to troubleshoot the PVSA and identify areas of excessive pressure loss or 
flow restriction due to undersized water mains. Calibration of the models helps to identifl water 
mains that are heavily corroded, causing flow restrictions and decreasing available pressure and 
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flow to meet peak system and fire flow demands. The Company used these models to determine 
the minimum system improvements necessary to meet current flow requirements, and to help 
identify water mains in need of replacement. These methods were used in conjunction with leak 
and break repair data to prioritize replacement of water mains and specify replacement water 
main size. 

As noted in Section 6.1 above, areas with the greatest leak and break repair history were 
in the Downtown Casa Grande and Old Town Coolidge areas. Although the water distribution 
system is interconnected as part of the PVWS, these areas are hydraulically distinct, being 
separated by different pressure zones and distance. The Company's Engineers determined that 
covering both of these areas would be impractical due to modeling software limitations and that 
expending efforts to overcome such model limitations would not have achieved any significant 
additional benefits. Accordingly, two separate sub-regional models were created, the CGLZM 
and the CDSM. Maps of the CGLZM and CDSM are included in Appendices 9.4 and 9.5. 

The CGLZM and CDSM were modeled using WaterCADTM v8i. Foundations for the 
models were generated by importing data from the GIS mapping system. The GIS mapping 
system includes a complete record of all water facilities within the PVWS, based on as-built 
information and Company records. The GIS data was imported directly into the system models 
to ensure the accuracy of the water main size, length and location, as well as any other available 
as-built information contained within the database. With the model foundation complete, 
additional basic system information was added, such as pump curves, pressure zone, and system 
demand information. As standard industry practice, system demand data was calculated fiom 
Company water production and sales data and distributed throughout the model. 

After the model foundations were built using the GIS data and Company records, the 
models were reviewed for accuracy and validated against typical data entry errors and modeling 
problems. First, not all of the data contained 
elevation information, which is critical to calculating system pressures. Second, the CGLZM 
model was too large for the modeling software to evaluate. In order to address missing elevation 
data, a TRex was used to import DEM containing the necessary elevation data. After importing 
the DEM information, the elevation data was verified against known elevation data points to 
confirm accuracy. Before the CGLZM could be evaluated, the size of the model had to be 
reduced. For this reduction, the downtown areas were excluded to ensure that none of the 
candidate replacement water mains were modified or removed. Two different reduction methods 
were used: branch trimming and series pipe merging. The model size was first reduced by 
branch trimming. This included removing some large branch systems including the Arizona City 
and Francisco Grande areas. These areas are both on long, single-feed branch lines. The system 
demands for these areas were relocated to the trunk of the branch feed upon deletion of the 
branch. The branch trimming also included removal of all small branch systems of five pipes or 
less outside of the downtown areas. Next, the model size was reduced through a series pipe 
merging. Pipes of the same diameter, in series, outside of downtown areas were merged into 
single equivalent pipes with evenly distributed demands. 

Two issues immediately became apparent. 

The final step in the model building process was calibration and optimization. Darwin 
Calibrator was used to calibrate and optimize the model. Multiple fire hydrants were selected 
within the downtown areas to use as calibration data points. Pressure test points were identified 
for each hydrant and monitored during hydrant testing. Pressure and flow data generated from 
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the fire hydrant testing were entered into the models for calibration purposes. Pipe material and 
roughness groups were generated as the basis for the calibration. WaterCADTM uses the Hazen- 
Williams equation to calculate pressure losses within the system due to friction losses in the 
pipes. Each pipe material has a different internal surface roughness and corresponding C-Factor. 
C-Factors for new materials typically range between 135 and 150. The rougher the material 
surface, the lower its C-Factor will be. C-Factors also change with age and condition of pipe, 
typically decreasing with age as pipe corrodes or as deposits build up on the internal surfaces. 
Darwin Calibrator uses a genetic algorithm process to adjust the C-Factors for each different pipe 
group within specified ranges to match the fire hydrant pressure and flow test data. The process 
is optimized by calculating multiple possible solutions and using the current best solution to seed 
the next set of optimization calculations. 

CGLZM 
C-FACTOR MATERIAL 

Table 6-3 lists the C-Factors generated from the optimized calibration for both systems. 
The minor differences between the roughness coefficients for CGLZM and CDSM are believed 
to be due, in large part, to the difference in water quality and average age of the two systems. 
The calibrated C-Factors for the CI and steel water main are very low due to their age, but are 
within expected levels for the average age of these water mains. This shows that the model was 
able to be accurately calibrated to reflect real system performance. Published C-Factors for CI 
and GS decrease by approximately thirty percent within the first twenty years of service with 
nonaggressive water (Mays 2005). 

CDSM 
C-FACTOR 

Table 6-3 Calibrated Roughness Coeficients 

CI 
DI 
CA 
GS 

42 42 
98 98 
126 130 
42 42 

PVC 
CLC 

126 143 
98 NIA 

Graph 6-2 and 6-3 below illustrate the correlation between the simulated and observed 
pressures at the calibration test points. Each point on the Graph indicates a calibration point 
within the model, the line indicates a 1 : 1 correlation between the calibrated model and the field 
test data. The average difference between the simulated and observed pressures for CGLZM and 
CDSM are 1.5 and 1.8 psi, respectively which is within acceptable limits. Appendices 9.4 and 
9.5 reference output summaries for CGLZM and CDSM models. 
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Graph 6-2 Casa Grand? Laver Zone Model Calibration 
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The first design criteria evaluated when replacing a water main is determining the correct 
size of the new water main. The proposed water main replacements has been modeled to ensure 
that the proposed water main replacements, as a whole, meet current system flow requirements. 
Where model results determined a larger diameter water main was required, the water main 
replacement was sized in accordance with the model recommendations. Master planning also 
helped to identify any undersized water mains in the distribution systems that could be increased 
in size in conjunction with water main replacements to achieve maximum distribution system 
improvement benefits and improve cost efficiencies. 

CASA GRANDE FLOW 
W M )  

DEVELOPMENT CATEGORY 

On October 28 and November 2, 2010 the Company met with City of Casa Grande and 
City of Coolidge employees to determine general planning and fire flow requirements. 
Appendix 9.6 shows the City of Casa Grande's General Plan 2020 - Land Use. The City of 
Coolidge's General Plan is shown in Appendix 9.7. Both cities also provided the Company with 

COOLIDGE n o w  
GPM) 

- .  

minimum fire flow requirements for general development categories. The minimum fire flow 

RESIDENTIAL 
COMMERCIAL 

- 
requirements have been summarizedin Table 6-4 below. Copies of the minimum fire flow 
requirement letters from the City of Casa Grande and City of Coolidge are attached in 
Appendices 9.8 and 9.9, respectively. 

1,000 1,200 
1,500 2,000 

The models were analyzed using the minimum fire flow requirements of each city. The 
fire flow results for several key fire hydrants in the CGLZM and CDSM are shown in Tables 6-5 
and Table 6-6, respectively. As shown in the fire flow reports, a large portion of the existing fire 
hydrants do not meet current fire flow requirements. This is not surprising because, in large part, 
fire flow requirements have changed and increased since the original installation dates for most 
water mains but also reductions in available flow have resulted from scale build-up inside these 
aging water mains, As a starting point for the WaterCADTM model, all water mains with 
diameters less than six inches were replaced with new six-inch water mains. This diameter was 
chosen in accordance with the Company's established minimum design standards and the 
Commission's rules (R14-2-406.H.2). Small diameter water mains represent some of the oldest 
pipes in the PVSA which, are or soon will be identified for replacement. Small water mains less 
than six inches in diameter also have more leaks and breaks as described in Section 4.1, 
decreasing their useful life relative to larger diameter water mains. 
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FH-278 
FH-115 
FH-369 

1,000 487 3,500 
1,000 811 2,387 
1,000 954 2.3 13 

FH-3 6 I 2,000 I 972 I 2.389 I 

FIRE 
HYDRANTS 

FH-3 0 

EXISTING POST IMPROVEMENT 
AVAILABLE FLOW AVAILABLE FLOW REQUIRED FLOW 

1,200 1,138 2.429 

Results fiom the WaterCADTM model for the CGLZM and CDSM models, including fire 
flow reports, are referenced in Appendices 9.4 and 9.5. Results of the analysis indicate that a 
minimum 6-inch water main replacement size is sufficient to increase the existing system 
capacity to meet current flow requirements. These models will continue to be used to analyze 
each specific water main replacement project on a case-by-case basis. In situations where 
parallel pipe is installed, or where a separate Company or developer constructed project calls for 
additional pipe installation, it may be more cost effective to install a single larger water main 
rather than multiple six inch or other smaller water mains. Any water main replacement or 
increase in water main size resulting fiom developer-constructed projects will be funded through 
advances in aid of construction or contributions in aid of construction. 

FH-3 7 
FH-44 
FH-64 
FH-101 
FH-132 
FH-171 
FH-5000 
FH-5001 
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1,200 1,108 2,459 
2,000 1,809 2,701 
1,200 1,094 2,460 
2,000 1,575 2,432 
1,200 803 2,009 
1,200 1,067 2,339 
1,200 1,076 2,450 
2,000 1,614 2,674 
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6.3 Three-Year Plan of Recommended Projects 

The Company determined that a water main and service line replacement program, as 
summarized in Table 6-7, is needed, based on analysis of the available data shown in Appendix 
9.1. 

Table 6-7 Three Year Project Surnmaty 
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An initial three-year replacement program was developed for the PVSA with a $2.5 
million annual capital expenditure. Out of the 232 square mile service area, the replacement 
programs were prioritized and narrowed down to the sections shown on Maps A through G in 
Appendix 9.2. Analyzing the available data showed three prominent issues that should be 
addressed in the PVSA with these expenditures. First, the Old Town Coolidge area has a 
significant number of old and failing water main and service line repairs. To remedy this 
problem, a water main and service line replacement program was developed for the areas in 
Maps C, D and E in Appendix 9.10. Second, the Downtown Casa Grande area has a large 
amount of old and failing CI and CA water mains dating back to 192 1 , with a long repair history. 
A water main replacement program was developed for the areas in Maps A and B in Appendix 
9.10. The third issue is the phenomenon of plastic service line failures, which are predominant 
in the Casa Grande area. A service line replacement program was developed for the areas in 
Maps F and G in Appendix 9.10. 

As directed in Commission Decision No. 7 1845, the Company identified and developed 
an initial list of fifty priority projects to remedy these serious water main and service line leaks 
by constructing new water main and service line replacements, as shown in Table 6-7 above. 
This replacement program includes a combination of water main replacements and service line 
replacements to properly remedy worsening water loss and aging water infrastructure. The 
projects are numbered in order of phasing, based on project location. Phasing the projects in this 
manner will result in an organized and systematic approach to installing the replacements, which 
should result in construction cost savings. The water main and service line replacement projects 
in the Old Town Coolidge area will begin at the north end of the problem area and progress south 
with one phase per year over the initial three-year schedule. The replacement projects in 
Downtown Casa Grande will be grouped into phases, along with the service line replacements 
north of the Downtown Casa Grande area. 

As directed in Commission Decision No. 71 845, the Company has started construction on 
several replacement projects in the PVSA prior to the submittal of this report. The first project is 
the replacement of three water lines currently located in alleyways in Coolidge between 
Coolidge and Elm Avenues and from Main Street to Arizona Boulevard (State Highway 87). 
This project provides for the replacement of approximately 6,200 LF of three- and four-inch CA 
pipe, with 200 LF of six-inch C-900 PVC pipe and 2,200 LF of twelve-inch C-900 PVC pipe. 
The second project is the replacement of a water line located in the Valley Farms portion of the 
Coolidge water system along Vah Ki Inn Road from Rhodes Court to McGee Road and along 
Moore Circle from Vah Ki Inn Road to McGee Road. A major portion of this water line was 
installed in the 1930s. This project provides for the replacement of approximately 2,000 LF of 
six-inch CA water main with 1,300 LF of twelve-inch C-900 PVC pipe and 700 LF of six-inch 
C-900 PVC pipe. For the third project, the Company determined that a significant portion of a 
six-inch water line dating back to the 1930s was failing and needed to be replaced in the 
Coolidge Municipal Airport water system. The Company made several water line repairs in 
2008, 2009 and 2010, and believes that there are several leaks in this water system that are not 
surfacing due to the sandy soil. This project provides for the replacement of approximately 
3,680 LF of six-inch water main with 3,300 LF of twelve-inch C-900 PVC water main. The 
remaining proposed projects, as shown in Table 6-7, are discussed in detail immediately below. 
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Proiect 1 
Install approximately 1,600 LF of 6-inch PVC and install 5 1 services along Hess Avenue 

from Arizona Boulevard to Main Street. This project will replace approximately 1,400 LF of 4- 
inch CA water main installed in 1941 and 1956 in the alley south of Hess Avenue and 
approximately 1,400 LF of 4-inch CA water main installed in 195 1 and 1956 in the alley north of 
Hess Avenue. The existing water mains to be replaced have 27 recorded service line leaks and 4 
water main leaks. The cost to complete this project is estimated to be $230,332. See Appendix 
9.10 for the map depicting the project limits and the detailed cost estimate. 

Proiect 2 
Install approximately 1,600 LF of 6-inch PVC and install 43 services along Walton 

Avenue from Arizona Boulevard to Main Street. This project will replace approximately 1,400 
LF of 4-inch CA water main installed in 1941 and 1956 in the alley north of Walton Avenue and 
approximately 1,600 LF of 4-inch CA water main installed in 1956 and 1962 in the alley south of 
Walton Avenue. The existing water mains to be replaced have 23 recorded service line leaks and 
3 water main leaks. The cost to complete this project is estimated to be $206,923. See Appendix 
9.10 for the map depicting the project limits and the detailed cost estimate. 

Proiect 3 
Install approximately 1,600 LF of 6-inch PVC and install 40 services along Bealey 

Avenue from Arizona Boulevard to Main Street. This project will replace approximately 1,500 
LF of 4-inch CA water main installed in 1945 and 1956 in the alley south of Bealey Avenue and 
approximately 1,600 LF of 4-inch CA water main installed in 1956 and 1962 in the alley north of 
Bealey Avenue. The existing water mains to be replaced have 22 recorded service line leaks and 
5 water main leaks. The cost to complete this project is estimated to be $198,581. See Appendix 
9.10 for the map depicting the project limits and the detailed cost estimate. 

Proiect 4 
Install approximately 1,600 LF of 6-inch PVC and install 50 services along Kennedy 

Avenue from Arizona Boulevard to Main Street. This project will replace approximately. 1,500 
LF of 4-inch CA water main installed in 1945 and 1956 in the alley north of Kennedy Avenue 
and approximately 1,500 LF of 6-inch CA water main installed in 1981 and 1982 in the alley 
south of Kennedy Avenue. The existing water mains to be replaced have 21 recorded service 
line leaks and 4 water main leaks. The cost to complete this project is estimated to be $227,373. 
See Appendix 9.10 for the map depicting the project limits and the detailed cost estimate. 

Proiect 5 
Install approximately 1,600 LF of 6-inch PVC and install 49 services along Byrd Avenue 

from Arizona Boulevard to Main Street. This project will replace approximately 1,500 LF of 4- 
inch CA water main installed in 1945 in the alley south of Byrd Avenue and approximately 
1,500 LF of 6-inch CA water main installed in 198 1 and 1982 in the alley north of Byrd Avenue. 
The existing water mains to be replaced have 15 recorded service line leaks. The cost to 
complete this project is estimated to be $224,682. See Appendix 9.10 for the map depicting the 
project limits and the detailed cost estimate. 
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Proiect 6 
Install approximately 1,600 LF of 6-inch PVC and install 47 services along Lindbergh 

Avenue from Arizona Boulevard to Main Street. This project will replace approximately 1,500 
LF of 4-inch CA water main installed in 1942 in the alley south of Lindbergh Avenue and 
approximately 1,500 LF of 4-inch CA water main installed in 1945 in the alley north of 
Lindbergh Avenue. The existing water mains to be replaced have 17 recorded service line leaks 
and 2 water main leaks. The cost to complete this project is estimated to be $219,031. See 
Appendix 9.10 for the map depicting the project limits and the detailed cost estimate. 

Proiect 7 
Install approximately 1,000 LF of 12-inch PVC and install 35 services along Northern 

Avenue from Fourth Street to Main Street. This project will replace approximately 1,500 LF of 
4-inch CA water main installed in 1942 in the alley to the north of Northern Avenue and 
approximately 1,400 LF of 10-inch CA water main installed in 1957 in the alley to the south of 
Northern Avenue. The existing water mains to be replaced have 21 recorded service line leaks 
and 2 main leaks. The cost to complete this project is estimated to be $180,553. See Appendix 
9.10 for the map depicting the project limits and the detailed cost estimate. 

Pro-iect 8 
Install approximately 700 LF of 8-inch PVC and install 19 services in the alley between 

Main Street and First Street from Byrd Avenue to Northern Avenue. This project will replace 
approximately 700 LF of 8-inch CA water main installed in 1954 in the alley between Main 
Street and First Street from Byrd Avenue to Northern Avenue. The existing water main to be 
replaced has 4 recorded service line leaks and 2 water main leaks. The cost to complete this 
project is estimated to be $85,433. See Appendix 9.10 for the map depicting the project limits 
and the detailed cost estimate. 

Proiect 9 
Install approximately 300 LF of 8-inch DI pipe with polywrap and 3,200 LF of 6-inch DI 

pipe with polywrap and install 64 services along First Street and CG Avenue from State 
Highway 84 to Pinal Avenue. This project will replace approximately 3,400 LF of 4-inch CI 
water main installed in 1921 and 4-inch CA water main installed in 1964. The existing water 
main to be replaced has 9 recorded service line leaks and 12 water main leaks. The cost to 
complete this project is estimated to be $406,580. See Appendix 9.10 for the map depicting the 
project limits and the detailed cost estimate. 

Proi ect 10 
Install 33 services along Racine Place from Casa Grande Avenue to Kadota Avenue. The 

existing water main has 4 recorded service line leaks. The cost to complete this project is 
estimated to be $84,491. See Appendix 9.10 f for the map depicting the project limits and the 
detailed cost estimate. 

Proiect 11 
Install 29 services along Judi Drive from Casa Grkde Avenue to Kadota Avenue. The 

existing water main has 2 recorded service line leaks. The cost to complete this project is 
estimated to be $73,728. See Appendix 9.10 for the map depicting the project limits and the 
detailed cost estimate. 
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Proiect 12 
Install 26 services along Silver Reef Road from Casa Grande Avenue to Kadota Avenue. 

The existing water main has 1 recorded service line leak. The cost to complete this project is 
estimated to be $66,463. See Appendix 9.10 for the map depicting the project limits and the 
detailed cost estimate. 

Project 13 
Install 27 services along Jahns Drive from Casa Grande Avenue to Kadota Avenue. The 

existing water main has 2 recorded service line leaks. The cost to complete this project is 
estimated to be $68,884. See Appendix 9.10 for the map depicting the project limits and the 
detailed cost estimate. 

Project 14 
Install 27 services along Barrus Place from Casa Grande Avenue to Kadota Avenue. The 

existing water main has 6 recorded service line leaks. The cost to complete this project is 
estimated to be $68,884. See Appendix 9.10 for the map depicting the project limits and the 
detailed cost estimate. 

Project 15 
Install 26 services along Vekol Road from Casa Grande Avenue to Kadota Avenue. The 

existing water main has 2 recorded service line leaks. The cost to complete this project is 
estimated to be $66,732. See Appendix 9.10 for the map depicting the project limits and the 
detailed cost estimate. 

Project 16 
Install 21 services along Gabrilla Street and Viola Street from Casa Grande Avenue to 

Palm Parke Boulevard. The cost to complete this project is estimated to be $52,740. See 
Appendix 9.10 for the map depicting the project limits and the detailed cost estimate. 

Proiect 17 
Install approximately 700 LF of 6-inch DI pipe with polywrap and install 14 services in 

the alley between Eighth Street and Florence Boulevard from Walnut Avenue to Picacho 
Avenue. This project will replace approximately 800 LF of 2-inch CA water main installed in 
1941 in the alley between Eighth Street and Florence Boulevard from Walnut Avenue to Picacho 
Avenue. The existing water main to be replaced has 4 recorded service line leaks and 2 water 
main leaks. The cost to complete this project is estimated to be $75,342. See Appendix 9.10 for 
the map depicting the project limits and the detailed cost estimate. 

Project 18 
Install approximately 2,500 LF of 6-inch PVC and install 60 services along West Pima 

Avenue from Ninth Street to Arizona Boulevard. This project will replace approximately 2,500 
LF of 4-inch CA water main installed in 1948 and 1952 in the alley north of West Pima Avenue 
and approximately 2,500 LF of 4-inch CA water main installed in 1948, 1949, 1953, and 1961 in 
the alley south of West Pima Avenue. The existing water mains to be replaced have 28 recorded 
service line leaks and 6 water main leaks. The cost to complete this project is estimated to be 
$304,599. See Appendix 9.10 for the map depicting the project limits and the detailed cost 
estimate. 
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Proiect 19 
Install approximately 2,400 LF of 6-inch PVC and install 58 services along West Pinkley 

Avenue from Ninth Street to Arizona Boulevard. This project will replace approximately 2,500 
LF of 4-inch CA water main installed in 1948, 1949, 1953, and 1961 in the alley north of Pinkley 
Avenue and approximately 2,500 LF of 4-inch CA water main installed in 1950, 195 1, and 1953 
in the alley south of Pinkley Avenue. The existing water mains to be replaced have 23 recorded 
service line leaks and 3 water main leaks. The cost to complete this project is estimated to be 
$293,028. See Appendix 9.10 for the map depicting the project limits and the detailed cost 
estimate. 

Pro-iect 20 
Install approximately 1,200 LF of 6-inch PVC and install 28 services in the alley between 

Central Avenue and Roosevelt Avenue from Seventh Street to Arizona Boulevard. This project 
will replace approximately 1,200 LF of 4-inch CA water main installed in 1942 in the alley 
between Central Avenue and Roosevelt Avenue from Seventh Street to Arizona Boulevard. The 
existing water main to be replaced has 8 recorded service line leaks and 3 water main leaks. The 
cost to complete this project is estimated to be $121,086. See Appendix 9.10 for the map 
depicting the project limits and the detailed cost estimate. 

Proiect 2 1 
Install approximately 3,700 LF of 8-inch DI pipe with polywrap and install 49 services 

along Second Street from CG Avenue to Pinal Avenue. This project will replace approximately 
3,800 LF of 8-inch CI water main installed in 1921. The existing water main to be replaced has 
9 recorded service line leaks and 5 water main leaks. The cost to complete this project is 
estimated to be $423,263. See Appendix 9.10 for the map depicting the project limits and the 
detailed cost estimate. 

Proiect 22 
Install approximately 1,600 LF of 6-inch PVC and install 43 services along Pima Avenue 

from South Arizona Boulevard to First Street. This project will replace approximately 1,600 LF 
of 4-inch CA water main installed in 194 1 in the alley to the south of Pima Avenue. The existing 
water main to be replaced has 13 recorded service line leaks and 3 water main leaks. The cost to 
complete this project is estimated to be $195,621. See Appendix 9.10 for the map depicting the 
project limits and the detailed cost estimate. 

Proiect 23 
Install approximately 2,000 LF of 6-inch PVC and install 32 services along Pinkley 

Avenue from Fourth Street to First Street. This project will replace approximately 1,900 LF of 
4-inch CA water main installed in 1941 in the alley to the north of Pinkley Avenue and 
approximately 700 LF of 4-inch CA water main installed in 1948 and 1957 crossing Pinkley 
Avenue and in the alley south of Pinkley Avenue. The existing water mains to be replaced have 
16 recorded service line leaks and 5 water main leaks. The cost to complete this project is 
estimated to be $196,697. See Appendix 9.10 for the map depicting the project limits and the 
detailed cost estimate. 

PA01 Pinal Valley Water LossWinal Valley Water Loss Report\Water Loss Reduction Prcgram for the PVSA Final 12.29.10 .do= 
AJH:THH:aFh I 12/29/10 I4:03AM 

Page 55 



Project 24 
Install approximately 1,700 LF of six-inch PVC and install 39 services along Central 

Avenue from Arizona Boulevard to Main Street. This project will replace approximately 1,700 
LF of 4-inch CA water main installed in 1936 and 1979 in the alley to the south of Central 
Avenue and approximately 700 LF of 4-inch CA water main installed in 1948 and 1957 in the 
alley north of Central Avenue. The existing water mains to be replaced have 18 recorded service 
line leaks and 4 water main leaks. The cost to complete this project is estimated to be $199,926. 
See Appendix 9.10 for the map depicting the project limits and the detailed cost estimate. 

Project 25 
Install approximately 1,700 LF of 6-inch PVC and install 28 services along Roosevelt 

Avenue from Arizona Boulevard to Main Street. This project will replace approximately 1,700 
LF of 4-inch CA water main installed in 1936 and 1979 in the alley to the north of Roosevelt 
Avenue and approximately 800 LF of 4-inch CA water main installed in 1960 and 1961 in the 
alley south of Roosevelt Avenue. The existing water mains to be replaced have 22 recorded 
service line leaks and 8 water main leaks. The cost to complete this project is estimated to be 
$170,328. See Appendix 9.10 for the map depicting the project limits and the detailed cost 
estimate. 

Project 26 
Install approximately 1,700 LF of 6-inch PVC and install 34 services along Wilson 

Avenue from Arizona Boulevard to Main Street. This project will replace approximately 1,500 
LF of 4-inch CA water main installed in 1940 in the alley to the south of Wilson Avenue and 
approximately 800 LF of 4-inch CA water main installed in 1960 and 1961 in the alley north of 
Wilson Avenue. The existing water mains to be replaced have 20 recorded service line leaks and 
6 water main leaks. The cost to complete this project is estimated to be $187,280. See Appendix 
9.10 for the map depicting the project limits and the detailed cost estimate. 

Proiect 27 
Install 21 services along Viola Street and Irene Street from Casa Grande Avenue to 

Cameron Avenue. The existing water mains have 1 recorded service line leak and 1 water main 
leak. The cost to complete this project is estimated to be $53,547. See Appendix 9.10 for the 
map depicting the project limits and the detailed cost estimate. 

Project 28 
Install 34 services along Elaine Street, Morrison Avenue, and Brown Avenue. The 

existing water mains have 4 recorded service line leaks. The cost to complete this project is 
estimated to be $87,451. See Appendix 9.10 for the map depicting the project limits and the 
detailed cost estimate. 

Project 29 
Install 19 services along Cameron Avenue in the Cabana East Subdivision. The existing 

water mains have 11 recorded service line leaks. The cost to complete this project is estimated to 
be $48,973. See Appendix 9.10 for the map depicting the project limits and the detailed cost 
estimate. 
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Proiect 30 
Install 36 services along Kadota Avenue fiom Judi Drive to Palm Parke Boulevard. The 

existing water main has 5 recorded service line leaks. The cost to complete this project is 
estimated to be $93,102. See Appendix 9.10 for the map depicting the project limits and the 
detailed cost estimate. 

Proiect 3 1 
Install 51 services along Lehberg Avenue and Gabrilla Drive in the Palm Park Unit 1 

AMD subdivision. The existing water mains have 8 recorded service line leaks. The cost to 
complete this project is estimated to be $129,427. See Appendix 9.10 for the map depicting the 
project limits and the detailed cost estimate. 

Proiect 32 
Install 43 services in the Palm Parke Terrace subdivision. The existing water mains have 

3 recorded service line leaks. The cost to complete this project is estimated to be $106,287. See 
Appendix 9.10 for the map depicting the project limits and the detailed cost estimate. 

Project 33 
Install approximately 1,700 LF of 6-inch PVC and install 24 services along Harding 

Avenue fiom Arizona Boulevard to Main Street. This project will replace approximately 1,500 
LF of 4-inch CA water main installed in 1940 in the alley to the north of Harding Avenue. The 
existing water main to be replaced has 13 recorded service line leaks and 1 water main leak. The 
cost to complete this project is estimated to be $156,066. See Appendix 9.10 for the map 
depicting the project limits and the detailed cost estimate. 

Proiect 34 
Install approximately 1,700 LF of 6-inch PVC and install 46 services in the alley between 

Harding Avenue and Coolidge Avenue from Arizona Boulevard to Main Street. This project 
will replace approximately 1,700 LF of 4-inch CA water main installed in 1940 and 1947 in the 
alley to the south of Harding Avenue. The existing water main to be replaced has 11 recorded 
service line leaks and 3 water main leaks. The cost to complete this project is estimated to be 
$184,320. See Appendix 9.10 for the map depicting the project limits and the detailed cost 
estimate. 

Proiect 35 
Install approximately 2,200 LF of 6-inch PVC and install 20 services in the alley between 

Arizona Boulevard and Fourth Street from Pima Avenue to Coolidge Avenue. This project will 
replace approximately 2,200 LF of 3-inch CA water main installed in 195 1 and 4-inch CA water 
main installed in 1938,1940, and 1963 in the alley between Arizona Boulevard and Fourth Street 
from Pima Avenue to Coolidge Avenue. The existing water main to be replaced has 6 recorded 
service line leaks and 3 water main leaks. The cost to complete this project is estimated to be 
$158,757. See Appendix 9.10 for the map depicting the project limits and the detailed cost 
estimate. 

Proiect 36 
Install approximately 1,100 LF of 6-inch PVC and install 5 services along First Street 

from Roosevelt Avenue to Coolidge Avenue. This project will replace approximately 1,100 LF 
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of 4-inch CA water main installed in 1940 along First Street from Roosevelt Avenue to Coolidge 
Avenue. The existing water main to be replaced has 3 recorded service line leaks and 2 water 
main leaks. The cost to complete this project is estimated to be $71,575. See Appendix 9.10 for 
the map depicting the project limits and the detailed cost estimate. 

Proiect 37 
Install approximately 1,100 LF of 6-inch PVC and install 17 services along the Roosevelt 

Avenue alignment across the Union Pacific Railroad. This project will replace approximately 
1,100 LF of 6-inch CI water main installed in 1936 along the Roosevelt Avenue alignment across 
the Union Pacific Railroad. The existing water main to be replaced has 2 recorded service line 
leak. The cost to complete this project is estimated to be $202,483. See Appendix 9.10 for the 
map depicting the project limits and the detailed cost estimate. 

Proiect 38 
Install 28 services in the alleys between Roosevelt Avenue and Coolidge Avenue from 

Main Street to First Street. The existing water mains have 8 recorded service line leaks. The 
cost to complete this project is estimated to be $56,507. See Appendix 9.10 f for the map 
depicting the project limits and the detailed cost estimate. 

Proiect 39 
Install approximately 1,300 LF of 8-inch DI pipe and install 26 services along Ash 

Avenue from Florence Street to Green Avenue. This project will replace approximately 1, 500 
LF of 2-inch CA water main installed in 1946 and 1947,3-inch CA water main installed in 195 1, 
and 4-inch CA water main installed in 1979. The existing water main to be replaced has 2 
recorded service line leaks and 4 water main leaks. The cost to complete this project is estimated 
to be $180,822. See Appendix 9.10 for the map depicting the project limits and the detailed cost 
estimate. 

Proiect 40 
Install approximately 1,600 LF of 6-inch DI pipe with polywrap and install 52 services 

along Beech Avenue from Florence Street to Green Avenue. This project will replace 
approximately 1,500 LF of 3-inch CA water main installed in 1951 and 4-inch CA water main 
installed in 1941 and 1944 and approximately 1,500 LF of 3-inch CA water main installed in 
195 1 and 4-inch CA water main installed in 1946, 1947, and 1979. The existing water mains to 
be replaced have 11 recorded service line leaks and 6 water main leaks. The cost to complete 
this project is estimated to be $254,819. See Appendix 9.10 for the map depicting the project 
limits and the detailed cost estimate. 

Proiect 41 
Install approximately 1,600 LF of 6-inch DI pipe with polywrap and install 51 services 

along Cedar Avenue from Florence Street to Green Avenue. This project will replace 
approximately 1,500 LF of 2-inch CA water main installed in 1938 and 1947 in the alley 
between Date Avenue and Cedar Avenue from Florence Street to Green Avenue and 
approximately 1,500 LF of 3-inch CA water main installed in 1951 and 4-inch CA water main 
installed in 1941 and 1944. The existing water mains to be replaced have 17 recorded service 
line leaks and 5 water main leaks. The cost to complete this project is estimated to be $252,397. 
See Appendix 9.10 for the map depicting the project limits and the detailed cost estimate. 
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Proiect 42 
Install approximately 1,600 LF of 6-inch DI pipe with polywrap and install 25 services 

along Date Avenue fiom Florence Street to Green Avenue. This project will replace 
approximately 1,500 LF of 2-inch CA water main installed in 1938 and 1947 in the alley 
between Date Avenue and Cedar Avenue from Florence Street to Green Avenue. The existing 
water main to be replaced has 7 recorded service line leaks and 3 water main leaks. The cost to 
complete this project is estimated to be $174,902. See Appendix 9.10 for the map depicting the 
project limits and the detailed cost estimate. 

Proiect 43 
Install 46 services along Avenida Kino from Colorado Street to Avenida Isabella. The 

existing water mains have 10 recorded service line leaks. The cost to complete this project is 
estimated to be $1 17,050. See Appendix 9.10 for the map depicting the project limits and the 
detailed cost estimate. 

Proiect 44 
Install 51 services along Avenida Fresca and Avenida Grande from Trekell Road to 

Pueblo Street. The existing water mains have 10 recorded service line leaks. The cost to 
complete this project is estimated to be $124,853. See Appendix 9.10 for the map depicting the 
project limits and the detailed cost estimate. 

Proiect 45 
Install 30 services in the alley between Avenida Fresca and Avenida Ellena fiom Pueblo 

Street to Colorado Street. The existing water mains have 5 recorded service line leaks. The cost 
to complete this project is estimated to be $60,543. See Appendix 9.10 for the map depicting the 
project limits and the detailed cost estimate. 

Proiect 46 
Install 29 services in the alley between Cordova Avenue and Barcelona Avenue from 

Pueblo Street to Colorado Street. The existing water mains have 8 recorded service line leaks. 
The cost to complete this project is estimated to be $58,525. See Appendix 9.10 for the map 
depicting the project limits and the detailed cost estimate. 

Proiect 47 
The 

existing water main has 5 recorded service line leaks. The cost to complete this project is 
estimated to be $62,696. See Appendix 9.10 for the map depicting the project limits and the 
detailed cost estimate. 

Install 24 services along Eighth Street from Pinal Avenue to Center Avenue. 

Proiect 48 
Install 30 services along Center Avenue from Florence Boulevard to Tenth Street. The 

existing water main has 4 recorded service line leaks. The cost to complete this project is 
estimated to be $76,688. See Appendix 9.10 for the map depicting the project limits and the 
detailed cost estimate. 
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Proiect 49 
Install approximately 900 LF of 6-inch DI pipe with polywrap and install 14 services in 

the alley between Casa Grande Avenue and North Cameron Avenue from Ninth Street to Tenth 
Street. This project will replace approximately 900 LF of 2-inch CA water main and 4-inch CA 
water main installed in 1946 and 1949 in the alley between Casa Grande Avenue and North 
Cameron Avenue from Ninth Street to Tenth Street. The existing water main to be replaced has 
5 recorded service line leaks. The cost to complete this project is estimated to be $88,796. See 
Appendix 9.10 for the map depicting the project limits and the detailed cost estimate. 

Project 50 
Install approximately 800 LF of 6-inch DI pipe with polywrap and install 14 services in 

the alley between North Cameron Avenue and North Morrison Avenue from Ninth Street to 
Tenth Street. This project will replace approximately 800 LF of 3-inch CA water main installed 
in 1950 in the alley between North Cameron Avenue and North Morrison Avenue from Ninth 
Street to Tenth Street. The existing water main to be replaced has 7 recorded service line leaks 
and 1 water main leak. The cost to complete this project is estimated to be $82,069. See 
Appendix 9.10 for the map depicting the project limits and the detailed cost estimate. 

7.0 CONCLUSIONS 

In conclusion, water loss within the PVSA has been well managed by the Company, and 
. detailed records of leak and break repairs to reduce water losses are well documented. The 
purchase and use of various types of leak detection equipment have been effectively used to 
reduce water loss. However, many miles of water main have reached or are approaching the end 
of their useful service lives. In addition, plastic service lines are failing and need to be replaced. 
Detecting, locating and repairing leaks and breaks will continue to be a high priority for the 
Company’s water system operators. At the historic rate of replacement, however, it will take 633 
years to replace all existing infrastructure. This timeline is insufficient to keep up with necessary 
replacements as the maximum usefbl service lives is less than 75 years for water mains and much 
less for service lines. A comprehensive water main and service line replacement program is 
required to reduce water loss in the PVSA. 

An assessment of the PVSA and available data show three critical areas that need to be 
addressed in the PVWS. The first area is the water distribution system in the Old Town 
Coolidge area, which has shown significant numbers of water main and service line leaks and 
breaks. The second area is the water distribution system in the Downtown Casa Grande area, 
which has similarly shown significant numbers of water main and service line leaks and breaks 
with mains dating back to 1921. The third critical area contains failing plastic service lines, 
which are predominantly present in the Casa Grande area. Specific replacement programs have 
been developed to resolve each of these critical replacement needs. Over the next three years, 50 
projects were identified to reduce water loss in these critical areas by replacing aging water 
mains and failing service lines to comply with the Commission directive in Decision No. 71845. 
The Company estimates the annual cost of this replacing program to be $2.5 million. 

Within a month of Decision No. 71845, the Company started the design and construction 
of several replacement projects in the PVSA, to reduce water loss as the Commission directed 
the Company to do. These projects included the installation of 9,210 LF of 6-inch C-900 PVC, 
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6,800 LF of 12-inch C-900 PVC and 178 service lines at a total estimated cost of $1,300,000. 
The Company cannot fund this replacement program on an ongoing basis without additional 
revenues to recover the costs. Accordingly, the Company will seek Commission authority to 
implement a DSIC as part of its next general rate cases. 
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In addition to these individual user requirements, the Third Management Plan contains an individual user 
requirement that was not included in the Second Management Plan. This additional requirement prohibits 
the use of groundwater to maintain a water feature installed in a publicly owned right-of-way after January 
1,2002. 

Either the individual user or the municipal provider serving the individual user is responsible for 
’ complying with the individual user requirement. See section 5-1 12 for determining responsibility for 
compliance with the individual user requirements. 

5.7.63 Distribution System Requirements 

Lost and unaccounted for water is defined as the total water from any source, except direct use eflluent, 
withdrawn, diverted, or received in a year minus the total amount of authorized deliveries made by the 
municipal provider in that year. Last and unaccounted for water includes line leakage, meter under- 
registration, evaporation or leakage !?om storage ponds or tanks, system and hydrant leaks or breaks, and 
illegal connections. 

All municipal providers are required to meet an efficient lost and unaccounted for water standard in thcir 
service areas. Lost and unaccounted for water will be determined for each municipal provider based on the 
total quantity of metered and unmetered water deliveries and the total water pumped, received, of diverted 
by the municipal provider for each calendar year, excluding direct use effluent. Small municipal provides 
must maintain lost and unaccounted for water at or Wow 15 percent. Large municipal providers are 
required to maintain their system not to exceed 10 percent lost and unaccounted for water. Large untEatcd 
water providers are required to either line all canals used to deliver untreated water to the provider’s 
delivery points with a material that allows no more lost watcr than a wellmaintained concrete lining, or 
operate and maintain its distribution system to limit lost and unaccounted for water at or below IO percent. 

For the third management period, the Department will allow providers to exclude water fiom the lost and 
unaccounted for water calculation that is either metered or estimated using approved estimating procedures 
and that is used pursuant to other regulatory requirements such as well purging and line flushing. 
Providers may also exclude estimated water uses such as construction (truck loads for dust control) or firc 
services, but all other uses of water within a distribution system must be metered. Appendix 5-M providts 
a complete list of uses that are considered in the lost and unaccounted for water calculation and those uses 
that can be estimated to determine the volume. 

5.7.63 Monitoring end Reporting Requirements 

All municipal providers are required to annually: (I) report to the Department information on the total 
quantity of water used within the service area and the total volume of water delivered for various municipal 
purposes, (2) calculate the volume of lost and unaccounted for water within the service area, and (3) report 
the total number of housing units, by unit type, added to the water Service area from July 1 of the previous 
calendar year to July 1 of the reporting year. 

Large municipal providers are required to separately measure and report the amount of Water delivered 
each month for: inigation uses; residential uses, separated by single family and multifamily; and non- 
residential uses, separated by water use categories, including huf-related facility use, commercial use, 
industrial use, government use, construction use, surface water treatment, and other uses. 

All municipal providers are required to submit to the Department, on an annual basis, an updated service 
area and distribution system map delineating all potable and non-potable distribution lines greater than four 
inches, all potable treatment facilities, all well sites, and all non-potable treatment. 

Phoenix AMA 5-26 
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1 . 
untreated water to a user, and that provided a copy of that agreement to die director by 
Jutie 22, 1992, is a latge untreated waterprovider upon serving untreated water to at 
least SOOpersonspursuant to the service agreement or upon supplying 100 acrefleet of 
untreated water during a calendar yearpursuatit to the agreement. 

26. "Lost and unaccounted for water" means: 

a. With respect to a dis&ibution system other tliati an utrfreated water niiitiicipal 
distrittution wtern, the total quantity o/wterfiom any source, excepl direa use 
efluent, withdrawn, diverted or received ly a municipal provider during a calendar 
year for non-irrigation use less the total quaiitity of authorized deliveries of water 
from any source, except d imt  use efluent, made by the niunicipalprovider during 
the calendar year for tion-imgation use that are metered deliveries or deliveries that 
the municipl provider accounts for by a method of estimating water use approved by 
the director. 

b. With respect to an untreated water municipal distribution system, the total quantity of 
untreated waterfrom atiy source, withdrawn, diverted or received by a large 
untreated waterprovider during a calendar year for non-irrigation itse less the rota1 
quantity of autliorized deIiveries of untreated waterfrom any source iiiade by (he 
provider during the calendar year for non-imkation use that are metered deliveries 
or deliveries that the provider accounts for by a method of estimating watw use 
approved by the director. 

27. "Lost water" means untreated water from any source that ewers an untreated water 
dishibutioii system aid is lost from the system during transportation or distributioti due to 
seepge# evaporation, leak, breaks# phreatophyte use or other similar or dissimilar 
causes. 

28. "Miired groundwater" has the definition prescribed by A.R.S. $45-561(9). 

29. "MuItifomi& housing unit" means a mobile home in a mobile home park and any 
permanent housing writ having otie or more comnion walls with atiorher housing unit 
located in a mu1tIi/aniiiy residential structure, and includes a unit iii a duplex, triplex, 
fouptex, condominium development, town home development. or apartnient complex. 

30. "Municipal distributiwi system" means a system o f p i p ,  canals or other work within a 
municbal provider's service area that are owned atid operated by the provider to collect, 
store, treat or deliver water for noH-irrigation use. 

31. "Municiplprovider" means a city, l o w ,  private water compaiiy or irrigation dktrici 
that supplies waterfor non-irrigation use. 

32. "New individual user" means an individual user that begins receiviiig waterji-om a 
municipal provider a#er adoption of the Third Management Plan. 

33. "New latge municiplprovider" means a municfpal provider that begits serving more 
than 250 acre-feet of water for non-irrigation use during a calenabr year afier January I. 
2000, not inchding untreated water served by a municipal provider that quakfles as a 
large untreated waterpmvider. 

Phoenix AMA 5-33 
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requirements by the date specijed by the director. but not later than Januaty 1 of tie year 
followiiig the year in which the provider's application is approved, and shall reniaini in 
compliance with those requirements until the$tst compliance date for any substitute 
requirements in the Fourth Management Plan. 

5-109. Consolidation of Municipal Provider SerVtce Areas: Acqwkithn of a Portion ofAnother 
Munlcipat Provider's Service Area 

A. Notification 

I .  Iftwo or more municipal providers consolidate their service areas into one service aren. 
the comolidatedprovider shall not@ the Departnient of the consolidation within 30 days 
aJer the consolidation becomes effective. 

2. I f a  municipal provider acquires a portion of another municipal provider's existing 
service area, both the acquiringprovider and the conveying provider shall notifL the 
Department of the acquisirion wlthitt 30 days afler tire acquistion becomes eflective. 

B. Regulatbn of Consoldated Provider 

1. Upon consolidation. a consolidated provider that qualges as a large municipal provider 
shall be regulated under the Total GPCD Program described ini section 5- 103, iiniess the 
consolidated provider applies for and is accepted for regulation under the Non-Per 
Capita Con.vervation Program described in section 5-104 or the Alternative Conservation 
Progmm described in section 5-1 05. 

2. If the consolidated provider is qulated under the Total GPCD Program. the director 
shall establish a total GPCD requirement for the consolidated provider consistent with 
the rnethodologv used by the director to establish the consolidatingproviders ' total 
GPCD requirenienfs as setfodi in Appendix 5-CI. The director shall also establish and 
maintain a flexibility account for the consolidated provider in accordance with sechn 
5-106. subsection A, with a beginning balance to be established by the director based oti 

the ending balances in the flexibiliv accounts of the consolidating providers. 

3. Ifthe consolidatedprovider is acceptedfor regulation under the Alternative Consemtion 
Program. the director shall establish a residential GPCD requirement for the 
consolidated provider consistent wirh the methodology used by the director to establish 
the consolidating providers 'residential GPCD requirements as set forth in Appeidix 5-K. 
The director shall also establish and maintain a flexibility account for the consolidated 
provider in accor&nce with section 5-106, subsecthn B, with a beginning balance to be 
established by the director based on the ending balances in theflexbili?y accounts of the 
cotnolidatitig providers. 

4. Vthe consolidated provider applies for regulation under the Noni-Per Capita 
Conservation Progmm or the Alternative Consemtion Progmm and one of the 
consolidating providers was regulated under that program imnisdiate& prior to 
consolfdarion, the consolidatedprovider 's application for regulation under the program 
shall include only the infonnation required ly section 5-104 or section 5-105 that has 
changed since the consolidating provider filed its application for the program. 

Phoenix AMA 5-57 
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APPENDIX 5-M 
THIRD MANAGEMENT PLAN 

LOST & UNACCOUNTED FOR WATER REQUIREMENTS 

Lm L& Unaccounted For Water In4 udes; 

Leaks: 
Distribution Lines 
Sewer Lines 
Storage Tanks 
Hydrants 
other 

Distribution Lines 
Sew= Lines 
Mains 
H*ts 
Other 

Measurement Errors: 
Meter UndedOver-Registration 
Source Meter Errors 
FlumedWeirs &os 

storage Ponds 

Breaks: 

Evaporation 

M q a l  ConnectionsrWater Theft 

Phreatophyte Uses - 
Residential Metered Deliveries 
Non-Residential Metered Deliveries 
Stand 'pe ;Uses 
Fire F E W  
Hydrant Meter Reaqng 
Hydrant Flow Tests 
Fire Sprinkler, System Flow Tests I 
Construction 
Dust Conml ' 
Line Flushing (!istribution. sewer* or treatment facility) I 
Street Cleanin 
Storm Drain Ffmhing ' 
Water Tests & Pressure Tests ' 
Well Purging 

' Estimates can be provided, wing a method apptoved by thedirector. Documentation must be submitted with annual report. 
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In addition to these individual user requirements, the Third Management Plan contains an individual user 
requirement that was not included in the Second Management Plan. This additional requirement prohibits 
the use of groundwater to maintain a water feature installed in a publicly owned right-of-way after January 
1,2002. 

Either the individual user or the municipal provider serving the individual user is responsible for 
' complying with the individual user requirement. See section 5-1 12 for determining responsibility for 
compliance with the individual user requirements. 

5.7.63 Distribution System Requirements 

Lost and unaccounted for water is defined as the total water from any source, except direct use efnuent, 
withdrawn, diverted, or received in a year minus the total amount of authorized deliveries made by the 
municipal provider in that year. Lost and unaccounted for water includes line leakage, meter under- 
registration, evaporation or leakage !?om storage ponds or tanks, system and hydrant leaks or breaks, and 
illegal connections. 

All municipal providers are required to meet an efficient lost and unaccounted for water standard in their 
service areas. Lost and unaccounted for water will be determined for each municipal provider based on the 
total quantity of metered and unmetered water deliveries and the total water pumped, received, or diverted 
by the municipal provider for each calendar year, excluding direct use effluent. Small municipal providers 
must maintain lost and unaccounted for water at or below 15 percent. Large municipal providers are 
required to maintain their system not to exceed 10 percent lost and unaccounted for water. Large untreated 
water providers are required to either line all canals used to deliver untreated water to the provider's 
delivery points with a matm'al that allows no more lost water than a well-maintained concrete lining, or 
operate and maintain its distribution system to limit lost and unaccounted for water at or below 10 percent. 

For the third management period, the Department will allow providers to exclude water fiom the lost and 
unaccounted for water calculation that is either metered or estimated using approved estimating procedures 
and that is used pursuant to other regulatory requirements such as well purging and line flushing. 
Providers may also exclude estimated water uses such as consauction (truck loads for dust control) or fire 
services, but all other uses of water within a distribution system must be metered. Appendix 5-M provides 
a complete list of uses that are considered in the lost and unaccounted for water calculation and those uses 
that can be estimated to determine the volume. 

5.7.6.3 Monitoring and Reporting Requirements 

All municipal providers are required to annually: (I) report to the Department information on the total 
quantity of water used within the service area and the total volume of water delivered for various municipal 
purposes, (2) calculate the volume of lost and unaccounted for water within the service area, and (3) report 
the total number of housing units, by unit type, added to the water sewice area fiom July 1 of the previous 
calendar year to July 1 of the reporting year. 

Large municipal providers are required to separately measure and report the amount of water delivered 
each month for: irrigation uses; residential uses, separated by single family and multifamily; and non- 
residential uses, separated by water use categories, including turf-related facility use, commercial use, 
industrial use, government use, conshuction use, surface water treatment, and other uses. 

All municipal providers are required to submit to the Department, on an annual basis, an updated service 
area and distribution system map delineating all potable and non-potable distribution lines greater than four 
inches, all potable treatment facilities, all well sites, and all non-potable treatment. 

Phoenix AMA 5-26 
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uiitreated water to a user, and that provided a copy of that agreement to the director by 
Ju#e 22, 1992, is a large untreated waterprovider upon serving untreated water to at 
least 50Opersonspursuant to the service agreement or upon supplying 100 acre#& of 
untreated water during a calendar year pursuant to the agreement. 

26. "Lost and unaccounted for water" means: 

a. With respect to a dktribution system other tlraii ai1 untreated water ntioricipal 
distribution system, the total quantity of water from any source, except direct use 
efluent, withdrawn, iiivertd or received by a munic@alprovider during a caiertdar 
year for non-irrigation use less the total quarrlity of authorized deliveries of water 
from any source, except d i w t  w e  efluent, made by the municipalprovider during 
the calendar year for iion-imgation use that are metend deliwries or deliwries that 
the municipl provider accountsfor by a method of estimating water use approved by 
the dimctor. 

b. With respect to an untreated water municipldistribution system, the total quantify of 
untreated water from any source, withdrawn, diverted or received by a large 
untreated waterprovider during a calendar year for non-irrigation use less the iota1 
quantity of authorized deliveries of untreated water from any source made by the 
provider during l e  cakndaryear for noii-irrigation use [Itat are metered deliwries 
or deliverits that the provider accounts for by a method of mimating wafer use 
approved by the director. 

27. "Lost water"means untreated water from any source that enters an untreated water 
disrributioii system aid b lost from the system during transportation or distributiott due to 
seepage, evaporation, leakv, breaks, phreatophyte use or other similar or dissiniilar 
caztses. 

2%. "Mined groundwater" has the definition prescribed by A.R.S. $45-545119). 

29. 'MuIt$amily housing unit" means a mobile home in a mobile home park and any 
permanent housing unit having oiie or more comnion walls with another housing unit 
locared in a mult&iamily residential swchre. and includes a unit in a dupler. tnpiex, 
fouplex, condominium development. town home development. or apartment complex. 

30. "Municipal dktributiwi system ** means a system ofpipes, canals or other works within a 
municbal provider's service area that are owned atid operated by the provider to collect, 
store, treat or deliver water for non-irrigation use. 

31. "'Municipal provider" means a ci& town, private water compaiiy or irrigation disrrici 
tlrat supplies water for non-irrigation use. 

32. "New individual user" mwns an individual user that begins receivitig waterfrom a 
municipcl provider afer adoption of the i'7tit-d Management Plan. 

33. "New large municiplprovider " means a mnic ip l  provider that begins swing more 
than 250 acre-feet of water for non-idgation use during a caIen&r year afier January 1, 
2000, not inchding utitreated water served by a municipal provider that qual@& as a 
large untreated waterprovider. 
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5-109. 

A. 

B. 

requirements by the date spec$ed by the director, but not later that1 Janualy 1 oftlie year 
foliowitig the year in which the provider's application is approved. atid shall rentaiu iri 
compliance with those requirements untii the$rst compiiarrce date for any substitute 
requiremen& in the F o u ~ h  Managment Pian. 

Consolidattion of Muntcipol Pmider Service Areas; Acquisition of a PorZion ofAtiother 
Munici&d Provider 3 Service Area 

Nottpcatson 

1. Iftwo or more municipalproviders consolidate their service areas into one service area, 
the cotisolidatedprovider shall notifL the Lkpartnient of tire consolidation within 30 days 
afser the consolidation beconles egective. 

2. Ifa niunicipar provider acquires a portion of another municipal provider's existing 
service area, both the acquiringprovider and the Conveyingprovider shull noti@ the 
Department of the acquisition within 30 days afler the acquisition becomes effective. 

Regulation of Consolidated Provider 

1. Upon consolidation. a consolidated provider that qual@$ as a large municipal provider 
shall be regulated under the Total GPCD Program dmcribed in section 5-103, i t n b s  rhe 
consolidated provider applies for and is accepted for regulation under the Non-Per 
Capita Comervation Program described k section 5-1 04 or the Alternative Conservation 
Progmm described in section 5-105. 

2. Ifthe consolidatedprovider is regulated under the Total GPCD Program. the director 
shall establish a total GPCD requinement for the consolidated provider consistent with 
the methodology wed by the director to establish the consolidatingproviders ' total 
GPCD requirements as set fodi k Appendix 5-C.1. The director shaU also estabiish atid 
maintain ajlaibiiity account for the consolidated provider in accordance with secrioti 
5-106. subsection A, with a beginning balance to be esrablished by the direcror based OII  

the ending balances in the flexibility accounts of the consolidating providers. 

3. Ifthe consoiidated provider is accepted for regulation under the Alternative Conservation 
Program, the director shall establish a residential GPCD requirement for the 
consolidatedprovider consistail with the methodology used by the director to establish 
the consolidating providers ' midential GPCD requirements as set forth in Appendix 5-K. 
The director shall also establish and maintain a flexibility account for the consolidated 
provider in accoraknce with section 5-106, subsectb B, with a beginning balarrce IO be 
established by the director based on the ending balances in theflexibility accounts of the 
consolidating providers. 

4. If the consolidated provider applies for regulation mder the Noti-Per Capita 
Conservation Program or the Alternative Cottservation Progmm and one of the 
consolidating providers was regdated under that program imnrediately prior IO 
consolfdorion, the consolidatedpmvider 's application for regulation under the prograni 
shall include only the information required by section 5-104 or section 5-105 that has 
changed since the consolidating providerBled irs appiication for the program. 
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APPENDIX 5-M 
THIRD MANAGEMENT PLAN 

LOST & UNACCOUNTED FOR WATER REQUIREMENTS 

Lost Unaccounted For W m  Incl udegt 

Leaks: 
Distribution Lines 
Sewer Lines 
Storage Tanks 
Storage Ponds 
Hydrants 
mcr 

Distribution Lines 
Sewer Lines 
Mains 
Hydrants 
Other 

Measurement Errors: 
Meter UndedOver-Registration 
Source Meter Errors 
FlumedWeirs Errors 

Breaks: 

Evaporation 

Illegal CoanectiondWatcr Theft 

Phreatophyte Uses 

Residential Metered Deliveries 
Non-Residential Metered Deliveries 
Stand 'pe p e s  
Fire &w 
Hydrant Meter Reaqng 
Hydrant Flow Tests 
Fire Sprinkler, System Flow Tests ' 
Construction 
Dust Control ' 
Line Flushing (cfistribution, sewer, or trcatment facility) ' 
Street Cleanin 
Storm Drain F ushing ' 
WaterTests&PressureTests' 
Well Purging 

'p 

I Estimates can bo provided, using a method approved by the dimor. Documtation must be submitted with annual report. 
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Project Inventory: Casa Grande Lower Zone #odel.wtg 

Ti le  
Engineer 
Company 
Date 10/28/2010 
Notes 

Scenario Summary 

ID 32555 
Label 
Notes 
Active Topology Pipe Replacement 
Fhysical Pipe Replacement 
Demand 
Initial Settings 
Operational <I> Base Opemtlonal 
Age <I> &e Age 
Constituent <I> Base Constfkuent 
Trice <I> Base Trace 
Fire Flow 
Flushing <I> Base Flushing 
Energy cast 
Transient <I> Base Transient 
Pressure Dependent Demand 
User Data Extensions 

Options 
Transient Solver Calculation Options 

CGKM With Pipe Replacment Master Plan 

<I> Average Day Peak Month 
<I> Base IniM Settings 

<I> Downtown Fire Flows 

<I> Base Energy cart 

<I> Base Pressure Dependent Demand 
<I> Base User Data &tensions 

S W Y  State/EPS s o h  Calculation <I> B~  labt ti^^ Options 

<I> Base Calcukion Options 

Network Inventory 

9 

0 

Pipes 4946 Constant Speed - No Pump 

Junctlam 3591 -Constant Speed - Pump 
Curve 

cunre 
Hydrants 49s -Shut Dawn After Time Delay 0 
Tanks 8 -Variable Speedflorque 0 

0 -Circular 8 -Pump Start - Variable 

0 -Non-Clrcular 0 Variable Speed Pump 

-Variable Area 0 PRVs 0 
Resenroirs 0 W S  0 .  
Pumps 9 PBV's 0 
-constant Power 0 K v s  0 
-Design Point (1 Point) 0 TCV'S 0 
-Standard (3 Point) 9 GWs 0 
-Standard Extended 0 Isolation Valves 0 
-Custom Extended 0 Spot Elevations 0 
-Muklple Point 0 

SpeedITorque 

B a U e ri e s 

Transient Network Inventory 

Air Valves 0 Rupture Disks 0 
BenUey Systems, Ino. Haestad Methods Solufion 

27 Sicmon Company Drive Suite 200 W 
Walertwn, CT 06795 USA +14?03-?S61888 

Bentley WaterOEM$ V8i (SELECTS~~ES 1) 

Page 1 of 2 
Casa Gmnde Lower tone ModeLwtg Center w.1 l.01.32J 
12/9/2010 
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Project Inventory: Casa Crande Lower Zone Model.wtg 

Transient Network Inventory 

-Double Actlng 
-Slow Closing 
-Triple Acting 
-Vacuum Breaker 
Dlscharges to Atmosphere 
Orifice 
Rating Curve 

Valve 
Check Valves 
-Towards Wye 

Hydropneumatlc Tank 
Orifices Between Plws 

- A W W f m  W p  

~ ~~ ~ ~ 

Surge Valves 
Surge Tanks 
-Simple 
-Differential 
-Variable Area 
Turbines 
Valves With Linear Area 
Change 
Perlodic Head-Flows 
-Sinusoidal (Head) 
-Mot Sinlrjoidal (Head) 
43nusadal (Flow) 
-Not Sinusoidal (Flow) 

~ 

0 
0 
0 
0 
0 
0 

0 

0 
0 
0 
0 
0 

Pressure R~es Inventow 

6.0 (in) 
8.0 (In) 
10.0 on) 
12.0 (in) 

742,729.27 ft 16.0 (in) 113,777.76 ft 
409,799.27 ft 24.0 (in) 43,836.68 ft 

19,175.32 R 36.0 (In) 1,576.03 ft 
268,238.36 R All Diameters 1,602,682.11 ft 

14.0 (in) 3,549.40 R 

Benky Syslems. Inc. Haeslad Methods Solution 

27 Simon Company Mhre Suib 200 W 
Waleitown. CT 08796 USA +1-203-755-1666 

Bentley WaterGEMS VBi (SELECTseries I] 

Page 2ef 2 
Casa Grande L w t o n e  MOdel.wtQ center [08.11.01.321 
121912010 
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Casa Grande Lower Zone WaterCAD Model 
Output Summaries are Available in Work Papers 
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Project Inventory: Coo1idge.wtg 

TItle 
Englneer 
Company 
Date 11/3/2010 
Notes 

Scenario Summary 

ID 
Label 
Notes 
Active Topology 
Physical 
Demand 
Initial settings 
Operatianal 
Age 
Corrstituent 
Trace 
F i n  Flow 
Flushing 
Energy cost 
TranSknt 
Pressure Dependent Demand 
User Data Extensions 
Steady State/EPS Solver calculation 
options 

5935 
Master Plan Pipe Replacement 

Master Plan Pipe Diameters 
Master Plan Plpe Diameters 
<I> Average Day Peak Month 
<I> Base Initial Settings 
<I> Base operational 
<I> Base Age 
<I> Base Constituent 
<I> Base Trace 
<I> Down Town Fire Rows Base 
<I> Base flushlng 
<I> Base Energy Cost 
<I> Base Transient 
<I> Base Pressure Dependent Demand 
<I> Base User Data Extensions 

<I> Base Calculauon Options 

Transient Solver Calculation Options <I> Base Calculation Options 

Network Inventory 

4 

0 

pipes 2246 -Constant Speed - No Pump 

Junctions 1517 -Constant Speed - Pump 
curve 

Curve 
Hydrants 466 -Shut Down After Time Delay 0 
Tanks 3 -Variable Speedflorque 0 

0 -Circular 3 -Pump Start - Variable 

0 -Non-Circular 0 Variable Speed Pump 

-Variable Area 0 PRVs 0 
Re~ervoirs 0 . PSVS 1 
Pumps 4 P W S  0 
-Constant Power 0 FCV's 0 
-Design Point (1 Point) 0 TWS 0 
-Standard (3 Point) 4 CPV's 0 

-Custom Extended 0 Spot UevaUons 0 
-Multiple Point 0 

S W o r q u e  

Batteries 

-standard Extended 0 Isolation Valves 632 

Transient Network lnventow 

Alr Valves 

Ccolldge.wlg 
1 ~ 0 1 0  

~ 

0 Rupture Disk 0 
Bentley systems. Inc. Hasstad Methods &lution 

27 Siernon Company D r i i s  Suite 200 W 
Watertown, a 0 6 7 9 5  USA +1-203-755.1666 

Bentley WatwGEMS V8i (SELECTsefies 1) 
Center 108.11.01.32] 

Page 1 of 2 

Appendix 9.5 Page 6 of 8 



Project Inventory: Goolidgemtg 

Transient Network Inventory 

-Double Acting 0 Surge Vahres 0 
-Slow Closing 0 Surge Tanks 0 
-Triple Acting 0 -Simple 0 
-Vacuum Breaker ' 0  -Differential 0 
Discharges to Atmosphere 0 -Variable Area 0 
Orifice 0 Turbines 0 

0 Rating curve 0 Valves With Linear Area 

Valve 0 Periidic Head-Flows 0 
Check Valves 0 -Sinusoidal (Head) 0 
-Towards Wye 0 -Not Sinusoidal (Head) 0 
-Away from w e  0 -Sinusoidal (Flow) 0 
Hydropneumatlc Tanks 0 -Not Sinusoidal (flow) 0 
Orif- Between Pipes 0 

Change 

Pressure Pipes Inventory 

6.0 (in) 
8.0 (in) 
10.0 (In) 

274,114.09 R 16.0 (in) 
135,450.55 R 24.0 (in) 
31,176.35 R Aft Diameters 

10,672.99 R 
141.22 R 

524,468.70 ft 
12.0 (In) 72,913.50 R 

BMWY Systems, inc. Haestad Methods Solution Bentley WaterOEM3 V8i lSELECTseries 1) 
Coolidge.wtg 
12/9/2010 

. .  . 
Ceder 

27 Siernon Company Drive Suite 200 W 
Watectown, CTOwsS USA +1-203-7SS-i666 

[08.111)1.3~ 
Page 2 of 2 
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Coolidge Distribution System WaterCAD Model 
Output Summaries are Available in Work Papers 
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