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EXECUTIVE SUMMARY

This report presents a recommended ground subsidence and earth fissure monitoring pi‘ogram for
the proposed Bowie Power Station site in the San Simon Valley of the Safford Basin north of Bowie,
Cochise County, Arizona. The scope of the monitoring program, which will be implemented by the

~ Owner/Operator, includes the following activities:

o Identify representative groundwater wells, within and near the Bowie Power Station
to be used for on- and off-site groundwater level monitoring, that have a history of
groundwater level monitoring by the Arizona Department of Water Resources
(ADWR).

o Identify and select five existing National Geodetic Survey (NGS) benchmarks for
ground subsidence level surveying both on- and off-site. V

o Install six new benchmarks, including two within the Bowie Power Station property,
to supplement the existing NGS benchmark network. ‘

o Establish procedures and guidelines for conducting benchmark level surveys.

o Identify known earth fissures for monitoring and procedures to document
observations.

©  Define an annual monitoring schedule for the initial five years of plant operation that

may be adjusted depending upon the groundwater level, subsidence, and earth fissure
monitoring results
o Compile and analyze groundwater level and ground subsidence measurement.
o Define alert and action items to deal with anomalous or unforeseen groundwater
' level, ground subsidence, or earth fissure conditions.
o Prepare ground subsidence and earth fissure monitoring reports.

Groun;dwater Level Monitoring

Nine groundwater wells, that have a history of monitoring by the ADWR, are located within five
miles of the Bowie Power Station property. Historic groundwater level information on some of
these wells is available to the public through the ADWR Groundwater Site Inventory (GWSI).
Bowie will obtain and compile the groundwater level information, including those collected by
ADWR, for inclusion in the monitoring reports.
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Ground Subsidence Monitoring

Five existing NGS benchmarks within five miles of the Bowie Power Station property will be used
for ground subsidence level surveying. Three of these benchmarks have a history of being used for
ground subsidence monitoring measurements. Additionally, six new benchmarks, including two
within the Bowie Power Station property, will be installed to supplement the existing NGS
benchmark network. An initial monitoring Baseline Data Set (BDS) survey will be conducted prior
to commencement of plant operation. Subsequent monitoring surveys will be conducted annually
for the first five years of plant dperation. The monitoring frequency will be adjusted based on the
results of the initial five years of monitoring. The benchmark surveys will be conducted using

' conventional traverse level surveys or Global Positioning System (GPS) methods. The survey

control will be tied to an existing NGS survey control benchmark founded in bedrock about 3%
miles west-northwest of the Bowie Power Station.

Earth Fissure Monitoring

Geologists, at a frequency consistent with the ground subsidence monitoring program, will monitor
four known earth fissures within a five-mile radius of the Bowie Power Station using direct field
observation. A focused geological reconnaissance will be conducted within the entire Bowie
property to investigate for the presence of any new earth fissures that may develop during the
monitoring period. The earth fissure monitoring will include documentation of surface expression
and any visual indications of renewed earth fissure activity.

Analysis and Report

Data from the ground subsidence and earth fissure monitoring program will be prepared and
submitted in a report following evaluation and analysis of the data gathered during each monitoring
period. Groundwater level data, ground subsidence data, and earth fissure observations will be
compiled in an easily used format. Although not anticipated based on the results of the Ground ”
Subsidence and Earth Fissure Evaluation (Geological Consultants, 2001), if the results of the
monitoring program indicate possible anomalous or unforeseen conditions that (1) exceed predicted
ground subsidence rates (about 0.072 feet per year) or (2) indicate renewed earth fissure activity,
additional action items would be evaluated. These action items could include development of an
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investigative program to evaluate the alert condition, notification of appropriate jurisdictions
regarding the alert condition and proposed program to evaluate the alert condition, conduct of the
investigative program, and if necessary, preparation of appropriate work plans and alternatives to
mitigate the alert condition.

As used herein, the phrase “alert condition” means: (1) Ground subsidence rates substantially exceed
the predicted average rate of 0.072 feet per year at the ground subsidence benchmarks’ BOWIEland
BOWIE2 at the Bowie Power Station and/or (2) field evidence of new earth fissure activity or
renewed activity along an existing earth fissure within a 5-mile radius of the plant site. Asused |
herein, the phrase “action item” means a task or series of tasks to thoroughly cvaluaté the identified
alert condition and, if required as a result of evaluation of the “alert condition,” to prepare
appropriate work plans and alternatives to mitigate the identified “alert condition.”

A qualitative assessment of trends observed within the ground subsidence data gathered during the

~ monitoring program will be used to determine “alert condition”for off-site areas,

Ground subsidence and earth fissure monitoring reports will be distributed to ADWR, Arizona
Geological Survey, Arizona Corporation Commission, Central Arizona Project, U.S. Geological
Survey (USGS), Water Resources Branch (Tucson).
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Ground Subsidence and Earth Fissure Monitoring Program

Bowie Power Station
" Cochise County, Arizona

1.0 INTRODUCTION

This report presents a recommended ground subsidence and earth fissure monitoring program for
the proposed Bowie Power Station site in the San Simon Valley of the Safford Basin north of Bowie,
Cochise County, Arizona. Assessments of documented and future potential ground subsidence and
earth fissures and their potential impact on the design, construction, and safe operation of the Bowie
Power Station have been previously conducted. The scope and results of the ground subsidence and
earth fissure assessment are presented in a report entitled “Ground Subsidence and Earth Fissure
Evaluation, Bowie Power Station, Cochise County, Arizona” dated October 8, 2001, prepared by
Geological Consultants Inc. of Phoenix, Arizona on behalf URS Corporation and Bowie Power
Station L.L.C. (Geological Consultants, 2001a).

This document comprises a proposed program for monitoring ground subsidence and earth fissures '
in the southwest portion of San Simon Valley section of the Safford Basin in conjunction with
operation of the Bowie Power Station. The ground subsidence and earth fissure monitoring program
will be implemented by the Owner/Operator as a condition of the Certificate of Environmental
Compatibility (CEC) for the power station. '

1.1  Moenitoring Programs in Other Areas

A ground subsidence and earth fissure monitoring program was developed to address CEC
conditions for Toltec Power Station (Geological Consultants, 2001b). The Toltec Power Station
monitoring program, which was reviewed and approved by the ADWR, is used as the model for the
Bowie Power Station ground subsidence and earth fissure monitoring program.

No other ground subsidence monitoring programs: associated with power plant withdrawal of
groundwater were identified. However, monitoring programs that deal with shallow settlement
caused by structural loading of near-surface soils, during and shortly after construction, are
commonly implemented: ‘ :
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A settlement monitoring program was designed and implemented for the Palo Verde
Nuclear Generating Station west of Phoenix, Arizona in response to Nuclear
Regulatory Commission criteria for siting a nuclear power facility. The program was
designed specifically to monitor for construction-related heave and settlement
associated with site excavations and structural loading, respectively. ‘The program
includes installation of specially designed benchmarks that were integrated into the-
site survey network. Additionally, special extensometers anchored in bedrock were
installed beneath each power block unit. The survey benchmarks and extensometers
were monitored on a monthly interval during the construction period and at fewer
frequent intervals following construction. The purpose of the monitoring program
was to verify the predictive heave and settlement models for the plant design.

Research of various federal, state, and local jurisdictional agency documents indicates several
monitoring programs have been developed specifically for the purpose of monitoring ground

subsidence caused by groundwater withdrawal:

o

A program has been implemented by the Harris-Galveston Subsidence District
(HGSD) to assess ground subsidence in the Houston-Galveston, Texas metropolitan
area where more than 13 feet of subsidence has occurred since 1943 (HGSD, 1998).
The primary District program includes a series of NGS benchmarks that have been
re-surveyed periodically since 1975 throughout the metropolitan area using
conventional survey methods and the GPS. The benchmark network is used to
define absolute and differential ground elevations. These data are also used to define
historic and current ground subsidence and to calibrate predictive subsidence models.
The HGSD network is now the survey basis used by all governmental agencies in the
region.

An aquifer compaction and land subsidence monitoring program has been
implemented in the El Paso, Texas-Juarez, Chihuahua area (Heywood, 1994).
Through the 1980s, extensive ground water use in the metropolitan area has induced
ground subsidence. Population growth and associated increases in groundwater use
is expected to continue. In 1992, the USGS, in cooperation with the NGS and the
U.S. Section of the International Boundary and Water Commission, began a
subsidence monitoring program to quantify the mechanical response of the aquifer

5
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to subsidence-induced stresses. The initial program included conventional leveling
of NGS benchmarks to first-order accuracy. GPS is used to periodically monitor
elevation changes affecting the network benchmarks.

o A ground subsidence and earth fissure monitoring program has been developed for

the Flood Control District of Maricopa County (FCDMC) related to the safety

“evaluation of the District’s flood control structures and other related facilities

. (Kimley-Horn & Associates Inc., 2000). When implemented, this program will

include the survey of benchmarks throughout Maricopa County that will be used to

monitor ground surface elevation changes at regular intervals ranging from one year

to five years, depending upon the rate of subsidence near each structure. Earth

fissure monitoring will also be conducted for fissures located within a five-mile

radius of a structure. Earth fissure monitoring will be conducted at the same
intervals as the subsidence monitoring.

1.2  Monitoring Program Elements

Because of the anticipated groundwater use in the Bowie Power Station area and the potential for
related ground subsidence, a subsidence monitoring program will be implemented. Groundwater
conditions, groundwater pumpage history, aquifer test results, and water level drawdown modeling
for the Bowie Power Station site and surrounding area are discussed in detail in the Water Supply
Report for the Proposed Bowie Power Station, Bowie, Arizona, prepared by URS Corporation (URS,
2001). The proposed monitoring program includes the elements necessary to assess groundwater
level conditions, ground subsidence and earth fissures during the operational life of the Bowie -

Power Station. The key elements include monitoring ground water levels, land surface elevation

changes, and conditions in the vicinity of documented earth fissures. The following description of
the monitoring program is based on a combination of the author’s experience with the subsidence
monitoring program developed by the FCDMC, the experience of the United States Bureau of
Reclamation (BOR) in connection with the Central Arizona Project canal, the National Resource
Conservation Service (NCRS) in connection with flood control structures in Graham County and
Cochise County, and project experiencé of other qualified consultants dealing with ground
subsidence and earth fissures.
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The initial activity of the subsidence monitoring program consists of an evaluation of known
subsidence within the Bowie Power Station area. As stated previously, this evaluation has been
conducted. The results ofthe ground subsidence evaluation help to establish the general parameters
of the monitoring program and the specific details for monitoring at the Bowie Power Station site.
If significant subsidence and earth fissure conditions are identified during the monitoring program
that might compromise the facility’s geotechnical and engineering design criteria and possibly affect
the safe operation of the power plant or off-site areas, the monitoring program results will be used
in connection with the development of mitigation measures to reduce potential ground subsidence
impacts to the power plant facilities and off-site areas.

Implementation of the subsidence and earth fissure monitoring program will provide an adequate
“early warning” system to allow the Owner/Operator to evaluate these ongoing geological
phenomena and assess and appropriately respond to the observed conditions, if necessary.
Additionally, other agencies may use the information gathered to supplement their own ground
subsidence assessment programs within the San Simon Valley of the Safford Basin or other nearby
areas.

 The scope of the ground subsidence and earth fissure monitoring program is tailored to Bowie

Power Station. The monitoring program is designed to incorporate trigger mechanisms that will
become activated if and when unanticipated subsidence, or earth fissure emergency conditions, are
identified.
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2.0 Subsidence and Earth Fissure Monitoring Program

Elements of the proposed ground subsidence and earth fissure monitoring program include the
selection of (1) representative groundwater wells within and near the Bowie Power Station site that
are used for groundwater level monitoring, (2) existing benchmarks for land surface level surveying,
(3) new benchmarks within the Bowie property, (4) earth fissures in the plant site vicinity, and (5)
reporting of the observed ground subsidence and earth fissure conditions. ADWR will be granted
access to well sites and subsidence\monitoring benchmarks within the properties controlled by the
Bowie Power Station for the purposes of conducting independent ADWR groundwater level and
subsidence monitoring.

2.1  Groundwater Level Monitoring

2.1.1 ADWR’s GWSI data base contains well and groundwater level information from
hundreds of wells throughout the state. Some of these wells are monitored by
ADWR annually for static water levels and are designated as “index wells.” Many
of the wells in the GWSI data base, as well as Index wells, have several years of
historic water level data that provide information on water level trends through time
(Table 1).

Nine representative groundwater wells have been identified for monitoring
groundwater levels within a 5-mile radius of the Bowie property. Three of the wells
are located within the Bowie property and six are located off-site. Of the six off-site
wells, three of the wells are ADWR Index Wells. Figure 1 shows the location of the
nine grbundwater level monitoring wells for the burpose of evaluating static
groundwater levels in the area and any implications to ground subsidence. Table 1
lists the location, well depth, most recent depth to water, and years of available data ’
for each of the nine wells.

2.1.2 Bowie Power Station will obtain and compile the groundwater level information
from the six non-Index wells on an annual basis. Additionally, Bowie will obtain
and compile groundwater level information collected by ADWR from the three index
wells on an annual basis. The combined groundwater level data base will be
included in the monitoring reports. If available, groundwater pumping rates should

8
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be compiled. The ability to use the three ADWR index wells data will provide
historic water level data for comparison, improves consistency of water level
measuring equipment, measuring practices, and well altitude measurements, and
provide ADWR and the public a high level of confidence in the accuracy of the data
should any anomalous measurements or trends arise.

2.1.3 Bowie will select at least one inactive groundwater well within the Project property
and install pressure transducers of continuous water level monitoring. The annual
report will include quarterly water levels from the transducer recordings.

2.2 Ground Subsidence Monitoring -
2.2.1 Ground Subsidence Monitoring Benchmarks

2.2.1.1 Selected existing representative NGS benchmarks within the project area will
be included in the subsidence monitoring program. Although such NGS
benchmarks are within five miles of the Bowie Power Station property
boundary, the rhajority of the benchmarks are south of the power station site
along the railroad and interstate hjghway alignment. Benchmarks
summarized in Table 2 include the primary benchmarks for the monitoring
program. Proposed benchmark locations are depicted in Figure 2. Other
NGS benchmark in the project area may be used as alternate benchmarks to
replace prlmary benchmarks that become unuseable. |

22.1.11 Survey benchmarks that have been used by other researchers
to measure ground subsidence (Holzer, 1980; Strange, 1983;
NGS, 2001, URS, 2001) are included in the monitoring
program as primary survey benchmarks. Three NGS
benchmarks that were previously used for ground subsidence
measurement are reported by the NGS to be monumented and
in good condition. Primary benchmarks with a past history
of subsidence monitoring are included in Table 2.
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22.1.12 Other existing NGS benchmarks are included as primary
benchmarks for the monitoring program. The additional
benchmarks are also within five miles of the Bowie property
boundary and were selected to provide adequate monitoring
of off-site areas. These primary benchmarks are included in
Table 2. '

2.2.1.2 Bowie proposes to examine, witness and document each existing NGS

benchmark as the first task of the monitoring program. A brief technical
memorandum presenting the results of this first task will be prepared and
submitted to ADWR for review and comment. Benchmarks considered
unsatisfactory for inclusion in the monitoring program, will be replaced by
an adjacent NGS benchmark.

2.2.1.3 Six new locations are proposed for the installation of additional primary

benchmarks to supplement the existing NGS benchmarks. Two of the
proposed benchmarks will be located within the Bowie Power Station
property boundary and four about one to two miles outside the property
boundary. The new benchmark locations on the Bowie Power Station
property will be identified by the Owner/Operator and established at
locations that will not be disturbed by construction. They will be installed
sometime near the end of construction but prior to plant operation. The
approximate locations of the new benchmarks are depicted on Figure 2 and
summarized in Table 3. |

As dictated by the location/condition of a new benchmark, Bowie will
attempt to locate the benchmarks within public easements or rights-of-way
or within easements obtained from private property owners and protected as
appropriate for the location to secure their integrity. New benchmarks within
the Bowie Power Station property will be installed at locations away from
plant construction or operations activity to minimize the potential for
damage. The new benchmarks will be constructed according to current
NGS standards. Construction guidelines and a benchmark detail are
provided in Appendix A.

10
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2.2.1.4 A non-NGS type secondary benchmark will be installed in the well pad of
any new proposed groundwater supply wells. The survey monument pin and
cap will be placed in the concrete pad during the construction of the pad.
Off-well head monitoring points will be installed 50 feet from the well head.
The monument will consist of a Y4-inch diameter stainless steel rod driven 10
feet into the ground. At the ground surface a pin head and ID cap will be
protected with a concrete pedestal with its top flush or slightly above the
ground surface.

Similar well pad and off well pad survey monuments will be installed a four
other on site wells at locations that will provide site-wide coverage. The
survey monuments will be placed at locations suitable for GPS survey
observations.

2.2.2 Re-survey Subsidence Benchmarks

2.2.2.1 The four selected primary ground subsidence monitoring benchmarks will be
re-surveyed for the purpose of implementing and maintaining a ground
subsidence monitoring array for the power plant site and surrounding areas.
NGS Data Sheets for the primary benchmark survey control points are

- included in Appendix B.

222.1.1 Prior to plant operations, a Baseline Data Set (BDS) must be
obtained for position and elevation of each primary
monitoring benchmark. The primary BDS will be used to
measure the relative amount of subsidence that may be
occurring in the project area. A baseline ground subsidence
contour map should be constructed that combines previous
ground subsidence data from other researchers and the BDS.

Previous surveys used to obtained ground subsidence data
utilized survey control tied to the North American Datum

(NAD) 27 or National Geodetic Vertical Datum (NGVD) 29

11
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datums. Prior to compiling the BDS, the previously obtained
survey data will be adjusted to the NAD 83 and North
American Vertical Datum (NAVD) 88 survey datums
established for the subsidence monitoring kprogram. |

22212 A survey control benchmark, used to tie the subsidence
monitoring array together, will be located in a bedrock area
that is not susceptible to ground subsidence. One existing
NGS benchmark (PID CY1170) is founded in bedrock at the
east end of the Fisher Hills about 3%z miles west-northwest of
the Bowie Power Station. This bedrock benchmark will be
used for the Bowie Power Station monitoring program. No
other bedrock rock benchmarks were identified within a
reasonable proximity to Bowie Power Station.

22.2.13 Bedrock benchmarks and the ground subsidence monitoring
survey network benchmarks will be thoroughly documented
and witnessed.

2.2.3 Operational Ground Subsidence Monitoring

2.2.3.1 Following the initial baseline survey, the primary subsidence monitoring
stations will be surveyed at one-year intervals for the initial five years of
plant operation when groundwater drawdown rates are greatest. The
frequency of subsequent monitoring will be established based on the results
of the first five years of monitoring.

2.2.3.2 Selected secondary benchmarks will be surveyed if a primary monitoring
program benchmark becomes unusable or damaged. Other secondary
benchmarks may be surveyed from time to time to supplement the primary
benchmark network, depending upon the amount of ground subsidence
measured at primary benchmarks. Secondary benchmarks used for
supplemental monitoring will be identified in the ground subsidence and
earth fissure monitoring report. |

12
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2.2.4 Subsidence Monitoring Network Survey Methods

2.2.4.1 Surveying of the primary subsidence monitoring array will be conducted
using currently accepted methods and standards of practice.

2.2.4.2 Survey accuracy standards should be 0.05 feet (or about 2 centimeters). The
 subsidence monitoring program survey will use the NAD 83 and NAVD 88
survey datums as appropriate.

2.2.4.3 Conventional level line traverse survey and appropriate GPS survey methods
~ will be used. Prior to initiating the Baseline Data Survey, benchmark
horizontal and vertical surVey control from previous surveys that used survey
control tied to the NAD 27 or NGVD 29 datums will be adjusted to the NAD
83 and NAVD 88 survey datums. The traverse or GPS survey will be closed
on an established bedrock benchmark to assure the survey accuracy standards

are achieved. |

New technologies are being developed to perform land surface elevation
monitoring, such as Interferometric Synthetic Aperture Radar (INSAR) and
Light Detection and Ranging System (LIDAR). The Bowie waer Station
will evaluate the application of new technologies and poSsiBle modifications
to the ground subsidence and earth fissure monitoring program.

2.3  Earth Fissure Monitoring

2‘.3.1 Documented earth fissures, closest to the Bowie site, will be periodically monitored
using direct field examinations (Figure 2; Table 4). These features will be examined
at the same times the subsidence monitoring surveys are conducted.

A focused geological reconnaissance will be conducted within the entire Bowie
property to investigate for the presence of any new earth fissures that may develop
during the monitoring period.

13
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23.2

233

Earth fissure monitoring will be conducted using direct examination on the ground
by geologists or geotechnical engineers. The earth fissure survey will include
measurement of surface expression (length, width, depth, orientation, differential
displacement, evidence of activity or inactivity), photo documentation, and
documentation of precipitation events that have occurred during the monitoring
period. |

If there are visual indications of renewed earth fissure activity, stress field
monitoring may be required depending upon the actual rate of subsidence in the
fissure area and the rate of fissure growth. Deformation across and near earth
fissures is complex and requires varied and extensive instrumentation to determine
depth, type of active fissure movement, and stress field components. Methods of
measurement can include differential GPS, electronic distance measurement, and
tape or wire extensometers (Carpenter, 1994) (See section 4.4).

2.4 Reporting

Detailed ground subsidence, earth fissure, and groundwater level data will be provided in the

monitoring reports. Section 2.4.2 describes the technical information that will be defined, deduced,

and interpreted from the monitoring data base. In addition to the data obtained from the subsidence

monitoring program benchmarks and index wells, data obtained from additional well elevation

monuments installed on or near groundwater production wells within the property will be included

in the monitoring program.

24.1

242

Data collected will be compiled in an easy-to-use format such as Microsoft Excel.
The data from each monitoring period should be presented. Groundwater level
measurements for each selected well will be summarized. Cumulative subsidence
and rates of subsidence will be calculated for each benchmark. Earth fissure
monitoring observations will be documented.

A ground subsidence and earth fissure monitoring report will be prepared and
submitted within 60 days of the completion of the ground subsidence monitoring and
receipt of ADWR index well groundwater level data. The report will include the
following:

14
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A groundwater level contour map and groundwater level hydrographs will
be constructed detailing the groundwater level information obtained from the
nine representative groundwater monitoring wells.

Descriptions of ground subsidence trends, ground subsidence measurements,
subsidence rate calculations, and subsidence contour maps.

Earth fissure monitoring observation field reports, and photographs and maps
as appropriate.

A summary of the observations made, analysis and interpretation of the data
gathered, and conclusions and recommendations pertaining to the subsequent
monitoring period and, if necessary, action items to assess anomalous or
unforeseen conditions.

Reports will be distributed to the following organizations:

© O © O ©o

Cochise County Planning and Zoning Department

Arizona Department of Water Resources

Arizona Geological Survey

Arizona Corporation Commission

U.S. Geological Survey, Water Resources Branch (Tucson)

A summary of the ground subsidence monitoring report will be published and provided to

the general public through the Bowie Power Station internet web site.

2.5  Alert Conditions and Contingencies

Any anomalous conditions will be reported along with an assessment of the anomalous condition

relative to the safe operation of the plant, and recommendations to fully evaluate the conditions
identified. Proposed alert levels for ground subsidence and earth fissures will include:

O

Ground subsidence rates that substantially exceed the predicted average rate of 0.072
feet per year at ground subsidence benchmarks’ BOWIE1 and BOWIE? at the Bowie
Power Station.

Field evidence of renewed activity along an existing earth fissure within a 5-mile

radius of the plant site or evidence of new earth fissure activity.

15
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O

o

0]
o
o

In lieu of a numerical alert level for off-site benchmarks, a qualitative assessment of
ground subsidence data gathered and anomalous ground subsidence trends observed
within the subsidence data that deviate significantly from predicted values will be
used to define an off-site alert condition. Bowie, in cooperation with ADWR, will
review the hydrologic and subsidence data in detail, and will attempt to identify the
cause of the off-site anomaly. Further actions by Bowie would depend on the cause
and magnitude of the anomaly.

Action items in response to an identified anomalus condition will include the following:

Develop an investigative program to evaluate the condition.

Notify appropriate jurisdictions regarding the anomalous condition and proposed
program to investigate the condition.

Initiate the investigative program

Based on the results of the investigation, prepare appropriate work plans and
alternatives to mitigate the anomalous condition, which may include but not be
limited to an increase in monitoring frequency and submittal of interim summary
reports to ADWR, an evaluation and possible modification of well field operations,
special inspections of sensitive power plant components, and design engineering
evaluations.

If it is determined that an “alert condition” is caused (or probably caused) by the operation of Bowie
Power Station, the following are examples of mitigation measures that might be considered to
address the situation:

Acquire or import water from other sources within the basin to mitigate groundwater
drawdown in the project area. '

Acquisition of additional properties surrounding the Bowie property to reduce
gfoundwater drawdown in the project area.

Modify the operation of the power station well field.

Modify the operation of the plant to reduce groundwater consumption.

Other mitigation measures that may be identified.

The mitigation measure(s) selected will depend on the specific circumstances surrounding the
observed “alert condition.”
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Ground Subsidence & Earth Fissure Monitoring Program

Table 1

Summary of Representative Wells for Groundwater Level Monitoring
Bowie Subsidence & Earth Fissure Monitoring Program

Most Recent '
Cadastral “,Ie“ Well Depth to Water Ijevel Years of
Location Altitude | Depth Water Elevation Record Comments
: (ft MSL) (ft) (ft MSL)
, (9
1 |(D-12-28)15BCB 3684 1000 1/27/93 3370 1954-1993 ADWR Index Well
2 |[(D-12-28)17DDD 3724 567 10/31/00 3463 1947-2000| ADWR Index Well
3 |(D-12-28)20DBD1| 3749 800 1/21/97 3618 1963-1997| On Bowie Property
4 |(D-12-28)22CDC 3688 660 1/22/97 3609 1951-1997| On Bowie Property
5 |(D-12-28)25DCC 3645 1700 11/14/00 3373 1963-2000] ADWR Index Well
6 |(D-12-28)32DCC1| 3792 600 1/14/97 3357 1963-1997 | ADWR Non-Index Well
7 |(D-12-28)33ABC1| 3732 550 2/8/89 3365 1951-1989| On Bowie Property
8 [(D-13-28)04CCC1 | 3796 462 1/14/97 3512 1952-1997 | ADWR Non-Index Well
9 _I(D-13-28)11DBC 3722 500 2/3/97 3354 1954-1997 | ADWR Non-Index Well
18
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Ground Subsidence & Earth Fissure Monitoring Program

Table 2

Primary Ground Subsidence Monitoring Benchmarks:

Existing NGS Benchmarks in Bowie Power Station Vicinity

Distance from Permanént
Proper{y Center Identifier (PID) Vertical Source Latitude Longitude Designation
(miles)
1.9 CY0355* 88/ADJUSTED N322003 W1092939 P 324
2.8 CY0530* 88/ADJUSTED N322004 W1093138 Q358
3.1 CY0328 -29/ADJ UNCH N321900 W1092901 BART RM 1
3.7 CY0283* 88/ADJUSTED N321914 W1092710 . Y 330
4.5 CY1170** 29/VERT ANG N322253 W1093353 FISHER
Note:  * Existing NGS Survey Benchmarks With Past History of Subsidence Monitoring.

** Existing NGS Survey Benchmark in Bedrock.

Table 3

Primary Ground Subsidence Monitoring Benchmarks:

Proposed New Survey Benchmarks in Bowie Power Station Vicinity

D]s%?;e(Z?Esflmt Ic’irei:ilt)i?::i-(})’n Propo;zirZ:nlcal Latitude (approx.) angitude (approx.)
- On-Site BOWIEI NAVD 838 N322207 W1092902
On-Site BOWIE2 NAVD 88 ‘N322119 W1092959
2E BOWIE3 NAVD 88 N322116 | W‘1092656
2w BOWIE4 NAVD 88 N322117 W1093206
0.75 NW BOWIES NAVD 88 N322209 W1093106
1.0N BOWIE6 NAVD 88 N322302 'W1093004
19
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Table 4
Summary of Reported Earth Fissures within
5-mile Radius of Bowie Power Station Site

Fissure Length Location Trend Note
(miles)
Section 25 & NE ¥ Section 36, 2 to 3 miles East of East
1 2 T128S, R28E; W% Section 31, T12S, " NWto S boundary of Power
R29E Station site

2 ¥ miles East of East
2 Va SEYs Section 25, T12S, R28E NE-SW boundary of Power
Station site

From Geological Consultants Inc. (2001)
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LEGEND:

s Site boundary
= =— — — Property boundary
@ ADWR Index wells
@ Wells located on Bowie property

& Other wells with historic groundwater

level data

NOTES:

Base Map from USGS Topographic Quadrangles:
Bowie, AZ 1974; Ryan Draw, AZ 1974; Fisher
Hills, AZ 1979; and Luzena, AZ 1979.
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LEGEND:
Site boundary
— — — Property boundary

— — — Earth Fissure Location (Laney, 1978; Holzer, 1980;

Harris, 1997; Groundwater Consultants, 2001)

00 Earth Fissures Within 5-Mile Radius of
Plant Site. See Report Table 4

A Existing NGS Benchmarks Used Previously
for Subsidence Measurements

¥ Existing NGS Benchmarks Not Previously
Used for Subsidence Measurements

TN Proposed New Benchmarks
for Subsidence Measurements

NOTES:

Base Map from USGS Topographic Quadrangles:
Bowie, AZ 1974; Ryan Draw, AZ 1974; Fisher
Hills, AZ 1979; and Luzena, AZ 1979.
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FOREWORD

Bench marks are long lasting points for which elevations have been deter-
mined, used to control other surveys and to monitor movement of and within the
Earth’s erust. They constitute the visual evidence of vertical control established
by the National Geodetic Survey (NGS), an office of the National Ocean Sarvey,
National Oceanic and Atmospheric Administration. Bench mark design and
setting procedures are important to the leveling program. In the past, however,
availability of materials and ease of setting were often the primary considera-
tions rather than soil mechanics, geology, properties of materials, and the like,

Advancing technology brought both the ability 10 determine elevations
more precisely and a greater need for bench marks to hold these elevatians. The
releveling program for the new adjustment of the National Vertical Control Net-
work provided an ideal opportunity to upgrade the quality of NGS bench marks
to meet future geodetic requirements,

This manual was written for two main groups of users. One includes man-
agers and field personnel, both publicly and privately employed, who are in-
volved with setting bench marks that will meet NGS specifications. The guidance
given here must be adhered to strictly to obtain the quality required by the
National Geodetic Survey. The other group consists of the users of NGS vertical
control data. Supplementing other vertical control data, the information in this
manual makes it possible to judge the reliability of an NGS bench mark
clevation. , ‘

Because of a limited number of bench mark types, it is not possible to set

" the optimal monument in every case. For some installations, geologists or other

specialists might be consulted. The manual includes enough detail to enable
judicious modification in design when the occasion arises.

Dimensions have been given only in metric units wherever feasible. Com-
mercial products are normally specified in English units, and consequently,
English units are given in parenthesis when applicable. A conversion table from
metric 1o English units is given inappendix A.
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GEODETIC BENCH MARKS

Lt. Richard P. Floyd
National Geodetic Survey
National Ocean Survey, NOAA
Rockville, Md. 20852

ABSTRACT.—Geodetic survey control points must be remarkahly stable due 10
the very intent of establishing geodetic control. All monuments are subject to
the cffects of geologic and soil activity. Vertical control points are particularly
vulnerable because this activity results in vertical movements much more so
than horizontal motion. In addition to natural disturbances, damage inflicted
by mankind is a crilical problem in monumentation. This manual explains how
and where 1o set bench marks for maximum stability and calls attention to the

factors that affect vertical instability.

1. INTRODUCTION

To funclion as good refercnces for elevations,
bench marks must be relatively stable points. Ac-
cordingly, il is necessary to define what is meant
by stability before an understanding of high quai-
ity monumentation can be gained. “Stability”
refers to the ability to maintain a fixed position.
It is characterized by its degree and duration.

To the local surveyor running a topographic
survey on a small construction site, a stable point
could be defined as the top of a prominent boulder
or a spike driven into a gravel road surface. These
objects are subject to movements of a few centi-
meters to a decimeter or more in a year’s time, but
they are adequate for the surveyor’s needs. It
would be uneconomical to spend the time and
money necessary to set higher quality bench marks.

A nother surveyor might be concerned with lay-
ing out a major highway that could take years to
complete. Therefore, the control must be more
stable in its position and longer lasting. To this
surveyor, a stable point could be represented by a
concrete post extending to a depth of a meter or so,
or a spike in the side of a large utility polc. These
bench marks might hold their elevations within a
few centimeters while the project is being carried
out. It follows that the bench mark stability re-
quired depends on the precision of the survey be-
ing carried out and the duration of the projeel
for which the elevations are needed.

The National Geodetic Survey (NGS) of the Na-
tional Ocean Survey is responsible for establishing
and maintaining th€ National Networks of Geo.
detic Control. The survey markers comprising
these networks serve as basic reference points for
numerous surveying, engineering, mapping, land
use¢ planning, and scientific projects. If the nel-
works are to adequately serve these purposes, they
must be established to a high degree of accuracy

and monumented in 4 manner that best preserves

their original geodetic positions.
Stability requirements for the National Vertical

~Network control points have increased signifi-
-cantly in recent years due to conti nually advancing

technology. Both the ability to determine eleva.
tions more precisely and the need to know eleva-
tions more accurately have resulted from this
technological boom. Uses have increased from
basic control for boundary surveys and mapping
to large scale planning and construction of trans-.
portation systems such as interstate highways and
transcontinental pipelines. More recently, in-

‘creased emphasis on crustal motion studies and

control for missiles, satellites, and spacecraft has
brought about a need for more accurately known
positions and, consequently, more stable control
points,

Elcvations are referenced (o a level surface, or
geoid, which is approximately equivalent to mean



sea level.!! Not even the Earth’s crust, which aver.
ages 35 kilometers in Lhickness, is stable relative to
the geoid. Young mountains are uplifting while
areas of the occan floor subside. Idcally, a bench
mark used strictly for control should remain
motionless with respect to Lhe geoid. Since the ge-
oid is intangible, the only basis we have for ap-
praising hench mark stability is the Earth’s crust,
even though it is in constant motion. A monument
can be considered as stable as possible if it is mo-
tionless with respect to the crust,

To clarify this, a distinction must be made be-
tween crustal motion and motion within the crust.
Crustal motion is movement of the crust as a
whole, [t is caused by phenomena such us isostasy
(the concept of the crust floating on Lhe mantle)
and lectonic plate movement. Motion within the
crust originates above the base of the crust.

. It is motion originating above the base of the

crust that we would usually like to prevent from
heing transmitted to our bench marks. Prevention
being impossible, the next best thing is to reduce
the motion’s effects, This can be done by (1) mini-
mizing surface effects and (2) with the aid of geo-
logical information, avoiding or accounting for
movements of deeper origins,

The following chapters deal with identification
of the various factors that can cause changes in
bench mark elevations, and steps that must be
taken to set high-quality bench marks. These
marks inclode disks set in bedrock or structures,
sleeved rod type bench “marks, rod marks with
disks, and some miscellaneous types.

2. SOURCES OF VERTICAL INSTABILITY

The subject of bench mark instability can be
more easily understood if il is separated into two
calegories characlerized by the depths at which
movement originates, Those with their roots with-
in about 15 meters of the surface will be called
“near-surface sources of instability,” while these
that originate below about 15 meters will be called
“subsurface sources of instability.” 1f the effects of
near-surface sources of instability cannot be a-
voided by prudent selection of the bench mark
site, they can be counteracted so that they are not
reflected in the bench mark elevation, Subsurfaece

" effects usually cannot be economically counter-
acted by a suitable bench mark design so they must
be avoided or accounted for.

Bench mark movement can be likened to that of

a float bobbing up and down on the surface of the -

ocean. The total verlical movement of the float is
the result of accumulaied movements caused by
sea (locally generated choppy waves), swell (long,

! A concise, easily understood description of the geoid is
given in appendix B.

2

rolling waves from a distant origin), and tide. Al
times, these individual effects act logether, am-
plifying the total movement. For example, the
float might be lifted by a sea which is on the crest
of a swell at high tide. Other times, one effect will
tend to cancel another, as when the float is on the
crest of a wave which is in the trough of a swell.
At any rale, the float is in motion with respect to a
reference surface, which in this case is the ocean
floor.

To correlate this to bench mark movements, Lthe
respective counterparts of sea, swell, tide, and the
ocean floor are near.surface movements, move-
ments within the crust, motion of the entire crust,
and the geoid.’ It would be ideal if we could fix the
bench mark to the geoid as we can anchor a piling
1o the ocean floor to eliminate tidal motion. How-
ever, there is no analogous way Lo counteract the
cffect of crustal motion on a bench mark. _

In the ocean, the effect of swell could be avoided
in some areas by making use of an existing break-
water, harbor, or bay. Similarly, with proper
bench mark site selection, many movemenis with-
in the crust can be avoided, but choice of a location
is not as obvious. Considerable geological informa-
tion is needed to determine which areas exhibit no
subsurface instability,

Finally. the effects of sea in many situations can
be avoided. Where this is not possible, they can be
economically counteracted by building a small
floating barricr. Essentially, this is what can be
done for vertical control points. The sleeved class
A rod mark (see fig. 4, page 16) consists of a steel
rod that is isolated from near-surface motion by
the sieeve.

Origins in the Subsurface

Crustal Motian

First among the subsurface causes of vertical
movement is crustal motion. Even if it were pos-
sible to prevent this movement, it would be unde.
sirable in many cases. Crustal motion studies are
an important application of leveling data. The
movement of one area of the crust in relation to
another serves as the basis for Lthese studies. To
determine this, knowledge of crustal motion with
respect to the geoid is not essential. What ¢3 nec-
essary is lo know which hench marks reflect only -
crustal motion. Referring to the parallel drawn
with the sca surface, if a float is to be used to mon-
itor tides, it must be known that the effects of scas

and swell have been eliminated.

! The gravitational effects of the sun and moon exert an
influence on Jand masses just as they do on the oceans,
causing a phenomcaon known as "*Earth tides.” No analogy
for Earth tides is made in this parallel.



Caverns and Mines

Caverns and underground excavations contrib-
ute 1o vertical movements on the surface of the
Earth. Sometimes the motion is abrupt as is the
vase with sink holes, and other times their effects
result only in gradual subsidence. When crustal up.
lift is occurring simultaneously with subsidence
caused by a gradnal caving in of an underground
mine, the wrong conclusion can be drawn about
the stubility of an area. In general, the National
Geodetic Survey is not concerned with monitoring
subsidence caused by underground excavations
and caverns. Since it is Loo costly 1o anchor bench
marks below the depih of disturbance and isolate
monuments against such movement, these areas
must be avoided wherever possible. :
Pumping

Subsidence is also caused by pumping of oil or
water, When fluid is removed from the ground,
the resulting decrease in pressure allows gravity
to pull down the overlying soils. Associated with
this is piping, or the removal of fines from a soil
stratum, which aggravates the situation. Again, in
carrying out its basic mission of developing and
maintaining a network of geodetic control, NGS is
not primarily concerned with monitoring this
type of motion. Except where subsidence is the sub-
ject of special study, such as in the Houston, Tex.,
area and Santa Clara Valley, Calif., these areas too
should be avoided wherever possible.

On or Near-Surface Origins
Impact
The reliability of a bench mark elevation is
largely dependent upon its exposure to impaet.
The results of impact can range from an infinitesi-
mal change in elevation as a result of being stepped

on lo total destruction caused by earth-moving

equipment, which is perbaps the most common
cause of bench mark loss. NGS bench marks have
been designed to minimize the chances of vandal-
ism, tampering by souvenir hunters, and impact
which is relatively small in magnitude.

For class A rod marks, this is accomplished by
threc precautionary measures: first, the datum

point is set slightly below ground level: second, a ‘

protective pipe is placed around the datum point;
and third, the bench mark component which is
imprinted with the NGS logo, and might be con-
sidered a worthy souvenir, is not an integral part
of the datum point.

By their inherent nalure, other types of NGS
bench marks are not vulncrable to relatively
slight impact. Heavy impact, such as that caused
by construction equipment, cannot be counter-
acled by economical design su it must be avoided
by judicious placement.

Frost Heave '

Besides disturbances caused by human inter-
vention, there are a great many resufting from
natural phenomena. Of these, frost heave is one
of the most severe. The vccurrence of frost action
depends on three [actors: freezing temperatures;
available water; and certain soi} characteristics,
most notably soil particle size. The absence of any
one of the essential conditions precludes the oc-
currence of frost heave.

For example, it is the influx of additional water
into a soil’s freezing zone after the freezing has
already begun that results in excessive frost heave.
The freczing of water initially present does not
cause a significant problem. When the water table
is near the surface, additional water is available (o
be drawn up into the freezing zone causing the
frost heave problem. A water table within 2 meters
of the ground surface indicates a potential hazard
and itis normally further from the surface on hills
than in low-lying areas. Consequently, less severe
frost heave can be expected to be found on hills.

Even though water is available, significant frost
heave will not occur unless the soil can draw it up
and hold it in the freezing zone. Soils which are
capable of this are called “frost susceptible.” The
main factor in determining frost susceptibility of
a soil is particle size distribution. Coarse-grained
soils contain spaces that are too large to draw up
and hold water. At the ather extremity, many clays
are impervious to water, (Clays, however, are det-
rimental for ressons other than frost heave as
explained in other sections of the manual.) The
soils most susceptible to frost action, and therefore
to be avoided where freezing occurs, are silts and
silty sands with soil particle sizes less than 0.02
millimeter (U.S. Avmy Corps of Engineers 1967).

Shrinking and Swelling of Soil and Rock

Another phenomenon that can cause bench
mark instability is shrinking and swelling of soil
due to changes in moisture content. The magni-
tude of soil volume change depends upon two
factors. One is the character of the soil, including
particle size and distribution, degree of cementa-
tion, and, most importantly, mineralogy (Patrick
and Snethen 1976). Fine-grained soils containing
certain clay minerals, particularly montmoril-
lonite,’ are highly expansive.

The other factor governing the shrinking or
swelling of a soil is the measure of its variation in
moisture content. Seasonal climate variability
provides a good indication of the degree and depth

! Montmorillonite is a clay minera} made up of layered,
plate-lile particles separatcd by water. The addition of more
water causes the particles to separate even more untif they
finally disperse.



to which volume change will occur.® An expansive
soil subject to either a consistently moist or dry
climate year around will not exhibit a change in
volume, but if the climate is wet during one season
and dry during another, a volume change will ac-
cur. Figure 12 (page 33) scparates the United
States into areas of differing climate variability.
The higher the value of the climate factor, the
more variable the moisture content of the soil.

This expansive character is not limited to soils.
Sedimentary rocks are those which were formed by
the consolidation of sediments. If the parent ma.
terials were of an expansive nature, the rock iself
will likely have this characteristic to a surpris-
ingly high degree. Substantial pavement damage
has occurred on some highways founded on sed-
imentary bedrock when the water conient has
been altered. '

Soil Expansion and Contraction

The terms “expansion” and “contraction” indi-
cate changes in volume resulting from a change in
temperature rather than a change in moisture con-
tent. Like other materials, soil expands when its
temperature rises and contracts when its lemper-
ature is lowered. It differs from most other materi-
als in that the range of temperature variation is
not constant throughout its depih. At the surface,
the temperature variation is near that of the air.
At some depth, the temperature is nearly constant
throughout the year. In unfrozen soils, expansion
and contraction due to temperature change is
negligible, but in frozen soils they are factors to
consider. In permafrost, temperature change can
have a significant effect on a bench mark down to
a depth of about 10 meters (Bozozuk et al. 1962).
Slope Instability

Slope instability covers a wide range of move-
ments ranging from rockslides and mudflows to
the nearly imperceptible movement known as
creep. Rockslides and mudflows are obvious and
would probably result in the total destruction of a
bench mark. Creep presents a greater problem to
monumentation because it could result in only a
slight change in the bench mark elevation which
could lead to erroneous conclusions, Evidence of
creep can sometimes be witnessed in leaning util-
ity poles where the upper layer of soil slides in
relation to that beneath it,

Gravity is the main force Lhat produces crecp,
but gravity can be aided by a number of other fac-
tors, among which the presence of moisture is
probably the most dominant. In some instances,
a small amount of water can increase cohesion and

+ Sail mechanics being a complex science, the maximum
depth at which scil is affected by this phenomenon is not
universally agreed upon. Here, it is ussumed 10 be 15 meter.
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retard the flow of soil downhill. More often, water
decreases friction between soil particles, allowing
them to flow more rapidly. When moisture is con-
fined to the upper layers of a slope by an imperme-
able substratum, the likelihood for creep is quite
high.

Sometimes a slope can be stable until a cut is
taken from it which upsets the equilibrium and
starts a slide. If the cut was taken from an area
providing substantial support to a slope, the slide
will occur rapidly. When the slope is less steep or
provides more of its own support through cohesion
of the soil, a cut will have no effect or result only
in creep. Highways are notorious for producing
slides in some parts of the country.

Soil Consolidation

When a soil mass is subject to loading, the soil
particle orientation undergoes a change resulting
in a condition of closer packing and smaller voids.
The longer the load remains, the more stable the
particle reorientation becomes, until a condition
of equilibrium is finally reached. If a load is re-
moved, rebound occurs.

Many kinds of loads can cause a soil mass to con-
solidate significantly. Large structures can cause
soil consolidation resulting in settlement of the
structure. They are often conmstructed in such a
manner that they do not exceed a specified settle-
ment, or at least a certain settlement rate. The
total allowable settlement is usually a few centi-
meters. The rate occurs rapidly at first and de-
creases with time. Some structures continue
settling for many years after construction has been
completed. Besides compressing the soil directly
beneath it, a new building causes the surrounding
soil to be drawndown, ’

Water reservoirs exert tremendous stresses on
soil deposits. As a reservoir is filled or drained, the
gsoil mass below it compresses and rebounds ac-
cordingly. As with structures, the surrounding
soil is also affected by the loading and unloading.
Large rivers also exhibit this trait to some extent
with the seasonal change in water level.

A special case of consolidation due to loading
can be seen in manmade deposits or fill. Not only
do these deposits exert a pressure onto what may
be a compressible soil below, but they themselves
are subject to consolidation. When the purpose of
£ill is other than to improve the subgrade of a con-
struclion site, it is usually deposited loosely, and
will compact under its own weight. Fills are usu-
ally deposited in small or narrow areas. Examples
include levees, landscape improvements, and dis-
posal sites for undesirable materials such as trash,
overburden, and dredge deposits. However, some-
times the areas can be very extensive, as in the case
of reclaimed strip mines.



Erosion

Impairment of some bench marks can be at-
tributed to erosion, Soils in or on which a monu-
ment is set arc subject to removal by the action of
wind and water. This can result in the monument
being obviously displaced, or only a subtle dis-
lurbance rendering it unsuspectingly unfit for use
as a geodetic control point, Undercutting can oc-
cur along the outsides of curves in rivers and em-
bankments near large bodies of water where
storms are likely to occur. It is conceivable that
wind erosion could also present a problem in some
locations, but it would probably result in the loss
by burying a bench mark rather than changing its
elevation,

Motion Intrinsic to the Monument

Choice of materials for a bench mark monu-
ment is critical for two important reasons. First,
ultimatc deterioration of materials results in the
loss of a bench mark’s reliability. The outmoded
copper clad rod mark (page 44} has been known to
carrode 1o such an extent that sections of the rod
have separated entirely. Failure of a bench mark
from this cause would not be abrupt. In fact, it
could be difficult to detect. For this reason, when a
monument is recovered for releveling, it should be
tested 10 ascertain its condition, For rod type bench
marks this can be accomplished by grasping the
rod and pulling it to make sure its integrity has
been retained.

Secandly, a bench mark’s elevation can change
with the expansion and contraction of the monun-
ment due to temperature change. Theoretically,
this can amount to changes on the order of a milli-
meter or more hetween hot and cold seasons. In
choosing bench mark materials, the thermal co-
efficient of linecar expansion must be considered.
[f modifications involving changes in materials
are made to the prescribed designs for rod marks,
matcrials having a direct bearing on the bench
mark elevation should be limited 1o those having
a cocfficient less than 20 X.10™ em/em per °C..

Intended Stability of NGS Bench Marks

From the information in this chapter, it is evident
that the causes of instability vary widely in both
depth of origin and geographical extent. To
counteract deep subsurface activity would be eco-
nomically unfeasible, so bench mark specifications
for the National Vertical Control Network have
been developed 1o resist movements at or near the
surface. Among such movements are those caused
by impact, frost heave, shrinking and swelling of
soils, sotl expansion and contraction, and in some
cases where the effect is not loo deep, consolida-

tion. Except for consolidatlion, bench marks set as
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described herein can always be expected to resist
movements from these causes.

To accomplish this objective, most bench marks
must be anchored below the depths at which these
movements originate. Mere massiveness does not
insure stability. This point is extremely important
to bear in mind. Even a very large building is sub-
ject to vertical displacements beyond those toler-
able if it rests on a shallow foundation in expansive
clay. '

3. CONSIDERATIONS IN SELECTING A SITE

The most effective precaution that ean be taken
to assure a bench mark’s stability and sarvival is
to choose a good localion for setting it. Because
there is such a wide variety of sitnations that can
be encountered when setti ng the monuments, it is
impossible to cover them all in a manual. The ul-
timate selection of a site is necessarily left to the
discretion of the mark setter and it is imperative
that good judgment be exercised. There are many
things to consider. Table 1 (page 11) will help keep
them in perspective.

Security

Foremost on the list of considerations is the
bench mark’s susceptibility 10 damage or destruc-
tion, which is probably the major cause of hench
mark disturbance. In view of the great expense of
leveling, foresight spent to preserve a monument
is well worthwhile. Anticipate construction that
might occur at the location. Is the site in the path
of a future highway, waterway, ditch, or pipeline?
Will an adjacent shopping center or parking lot be
expanded in the foreseeable future? Is the pro-
spective bench mark site near a potentially active
mine or quarry? Highway maintenance often in-
volves the widening of its surface and the straight-
ening of curves. Setting the marks near the edge of
the right-of-way and on the outsides of curves in-
creases their chances for survival.

Conversely, the outside of a bend in a river
should be avoided because erosion eventually
undercuts the bank. Undercutting can also occur
on shoreline scarps where stormy waters slowly
but surely wear away the embankment. Do not set
bench marks at thesc locations. Flood plains
should be avoided when otherwise comparable
sites can be used because marks may be buried in
sediment or washed out.

Ofien, sites can be localed which provide natural
protection for the monuments. Locations near the
edge of the right-of-way, well away from a high-
way surface, provides proteclion from mowers and
other maintenance vehicles. Property fence lines
and utility peles usually remain in place for vears
and afford good protection for marks. Structures
which are of themselves not suitable for bench



mark settings prevent vehicles and equipment
from damaging monuments that are set adjacent
to them. And finally, private property and public
areas such as parks and cemeteries provide excel-
lent sites from a standpeint of survival.

Utility

Availability to users is another important con-
sideration in choosing a bench mark site. The
major use of NGS bench marks is 1o provide ver-
lical control for other surveys. If the bench mark
cannot be found or conveniently leveled to, its
worth is questionable. Many users first inadver-
tently find a survey mark, then request informa-
lion about it. Others use vertical descriptive in-
formation to locate control points near a proposed
engineering project; so locate bench marks where
they can be accurately described.

Again, foresight must be used when selecting the

" exact location. A bench mark set flush with the

ground is easily concealed with debris. Are there
nearby objects that can be used to reference the
monument? Are these objects fairly permanent?
Will the measurements define a precise poinl
where the hidden bench mark can be found?

To enable the mark setter to situate 2 monu-
ment where its position can be accurately de-
seribed, a familiarity with referencing techniques
is required. Bench marks are usually located in
the following manner: First, directions are given
to the general area in which the bench mark is
located. Normally, this puts the individual within
100 meters or so of the monument, Then the bench
mark is found by following distances and direc-
tions from prominent reference objects. These dis-
tances and directions establish lines-of-position
(LOPs). The prominent objects are referred to here
as“origine.”

For example, a bench mark can be referenced by
stating a distance and direction from the corner
of a house as follows: “The monument is 35.8
meters northeast of the east corner of the house.”
(See fig. 1la.) In this case, there is one origin and
two LOPs. The origin is the east corner of the

house. One LOP is referred to as “35.8 meters

[from). . . the east corner of the house.” It defines
a circle with a radius of 35.8 meters and its center
al Lhe cast corner of the house. The other LOP is
given as “northeast of the east corner of the
house.” It defines a line beginning at the east
corner of the house running at an azimuth of 45°
east of north,

At least two LOPs are required to define a point.
If the description read only “35.8 meters from the
cast corner of the house,” the bench mark eould
be anywhere on the circle with a radivs of 35.8
meters and a center at the east corner of the house.

Or, if the description rcad only “northeast of the
east corner of the house,” the mark could be any-
where on the line beginning at the east corner of
the house and running at an azimuth of 45° east of
north. In either case, it would be difficult to find.

Sometimes more than two LOPs are required to
define a point. “The bench mark is located 26.7
meters south of the centerline of the highway and
10.2 meters from a 40-cenlimeter oak tree.” Two
LOPs are given by Lhis statement, but they define
more than one point as can be seen in figure 1b. An
additional LOP, such as a direction from the water
tank or tree, is required for the unique point to be
located. ‘

The important concept to be concluded is that
the more nearly perpendicular the angle at which
lines-of-position intersect, the more accurately a-
position can be determined and the easier it will
be to locate. (See figs. 2a and 2b.) To apply this con-
cept to bench mark setting, consideration should
be given to the ease with which future recovery can
be made from the reference measurements, Other
considerations in bench mark placement rarely
restrict the site to such a limited area that this can-
not be done. Leeway of just a few meters is usually
enough to make the difference hetween u mark
that can be accurately referenced and one that
cannot.

Stability
Advantageous Topographic Features

Crests of hills are good places to set bench marks
for three reasons. First, the problem of slope in-
stability is eliminated. Even though the neighbor-
ing hillside might be sliding, the summit will re-
main stable. Second, frost heave is less likely with
the increased separation from the water table. And
third, the consistency of the soil will tend to be
more firm. '

Effect of Soil Grain Size

Whenever soil lypes can be ascertained, it is
preferable to choose a site with coarse-grained
soils over one with fine-grained soils. Most of the
problems associated with soil movements are at-
tributable to the fine particles it contains. The
lraction of grain sizes less than 0.02 millimeter
governs whether or not a soil is frost susceptible.
Soils susceptible to high volume change due to
variation in moisture content are normally clays,
which are fine-grained. Also, poorly drained clays
provide environments conducive to corrosion.
Avoid sites with fine-grained soils whenever an
alternative is available.

One way to determine the type of soil in the lo-
cality is to examine that which has been exposed by
digging, especially where a hank has heen left
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exposed. Look at soil grain size in nearby highway
cuts and excavations. Good drainage is usually in-
herent in coarse-grained soils and therefore can
also be used as an indication. It can be recognized
by wniform coloralion with depth.

Effects of Vegetation

The presence of vegetation, particularly trees,
has marked influence on the stability of the upper
layers of a soil mass. Trees, underbrush, grass, and
maoss act as insulation, reducing the depth of the
active frost zone and thus reducing frost heave.
However, the problem of expansive soils is ag-
gravaled by vegetation. In seasons of abundant
rainfall, vegetation exeris very little influence an
soil volume change. When the weather is dry and
only a little free water is available in the soil, trees
and other plants draw even more out than nor-
mally is lost through evaporation and Jowering of
the water table. This results in even greater shrink-
age. With trees, this effect occurs within a distance
from the trees roughly equal lo their heights
(Bozazuk and Burn 1960). ‘

‘Areas covered with thick vegetation should be
avoided even where expamnsive soils do not exist
because vegelation will conceal a bench mark,
making it of much less value than one that is open
1o view. Do not place bench marks near lone trees
because this will subject them to disturbances
from growing roots.

Geological Considerations

It will not be feasible to determine the nature
and extent of subsurface geological activity im
many instances. Nevertheless, it is an important
consideration that should never be overlooked
when the means are available. A generally stable
area may have pockets of unstable ground within
it, and detailed geological data are required to de-
termine this, Caverns and underground mines,
and water and oil bearing strata subject to pump-
ing are especially prone to cause significant sub-
sidence. Bench marks established strictly for geo-
detie control should not be set in these areas.

Geological information is available through
Federal, State, and even private organizations.
General overviews of karsts (subterranean cavi-
ties), slope instability, and the like are available
from the U.S. Geological Survey. For more specific
information on larger scale maps, the individual
State Geological Surveys, State Departments of
Natural Resources, universities, and public
utilities commissions must be contacted. These
agencies can provide pertinent geological data
including maps of underground mines, cavernous
areas, slopc movements, and arcas subjeet to sub-
sidence from the pumping of oil, gas, or water. Li-
aison with these organizations is a necessity.

Whenever possible, sound bedrock should be
used for a bench mark setting. However, it is of-
ten difficult to determine whether or not an out-
crop is indeed sound bedrock, the decision heing
based mainly on visual evidence of only the ex-
posed portion of the formation. Where a large por-
tion of the outcrop is exposed, try to ensure that
the part in which the disk will be sct is essentially

intact with the rest of the outcrop. Large outcrops

with widely spaced fractures and crevices can be
considered bedrock for mark seiting purposes.
Where only a small portion of the outcrop is vis-
ible, use a pry bar to make certain the intended
setting is not a separate boulder.

Examine the surface of the bedrock. Make sure
it is solid, and not io a state of deterioration. The
margin of weathered rock can be surprisingly
thick. If its surface has begun to crumble or has
deep fissures in close proximity, the outcrep is un-
sound and should not be used. Another type of
bench mark will be mare stable.

Some sedimentary rock contains detrimental
clay minerals, such as montmorillonite, but it is
difficult to determine this. When geological maps
or expert advice indicates that sedimentary out-
crops are expamnsive, they shall not be used for bench
mark settings. A site must be located in a structure
or another rock outcrop, or a rod type mark must
be used. Expansive bedrock will not be a problem
is if lies beneath sufficient overburden because it
will not be subject to variations in moisture
content.

Structural considerations

Structures are subject 10 movements from any
of the sources pointed out in chapter 2. Fixing a
bench mark disk on a structure by no means as-
sures that it will be a good geodetic control point.
Before setting the disk. determine whether or not
the structure will be at least as stable as a class A
rod mark (page 14). If not, use the class A or B rod
mark instead.

Relating the stability of a large structure to that
of a class A rod mark can be accomplished by (1)
comparing the depth of the structure’s foundation
to the required depth for the sleeve (table 2, page
27), and (2) assuring that the structure is a multi-
story concrete, masonry, or steel unit. The class A
rod mark sleeve is set to a depth below that affected
by expansive soils and frost heave. For comparable
stahility, a massive structure’s foundation need
nol be as deep as the sleeve because the weight of
the structure can resist some of the force exerted
by the ground which tends to move it. Also, the
structure itgelf will have a shielding effect on the
soil below, making conditions such as tempera-
ture and moisture content less variable. If its

"foundation is ai least a quarter as deep as a class A



rod mark’s specified sleeve deplh, a massive strue-
ture will be considered stable. Small structures,
such as semaphores, concrete culverts, platforms,
retaining walls, bridges, ete.,, must never be uscd.
Very large bridges can be used only if it is posi-
tively determined that the structural member in
which the disk will be placed rests directly on
bedrock.

Since most structures are expected to settle both
during and some time after construction, those
less than 5 vears old must not be used as settings
for bench marks unless the foundations are on
bedrock. Choose a structure that has a long life
cxpectancy. Modern buildings will probably re-
main undisturbed a Jong time, but make sure that
they have not been too newly constructed. Older
buildings may last a long time if they have histor-
ical significance.

Caution must be 1aken to assure that the disk is
placed in a spot that is an integral part of the struc-
tare’s foundation or fixed rigidly to il. Placing a
disk on an appendage, such as steps entering a
building, is unaceeptable unless the appendage has
its own foundation of sufficient depth. Avoid
places which might be damaged or covered during
construction of an addition to the structure.
Building entrances are especially susceptible to
reconstruction,

Miscellaneous Arcas To Avoid

As expluined in the chapler on sources of in-
stability, sites near waler reservoirs and large
rivers, where the water level is variable, can rise
and fall due to rebound and compression of the
soil. This movement might be thought by the lay-
man to be minor, but in terms of precise geodetic
measurements, il is not. Where possible, bench
marks should be established a few hundred meters
from the confines of thesc sources of ground ac-
tivity.

Permafrost has a stabilizing effect on bench
marks anchored to a sufficient depth within it, but
significant expansion and contraction of frozen
ground due to temperature variation can occur to
a depth of about 180 melers. A bench mark anch-
ored below this depth can be expected to be quite
stable. In regions where permafrost normally
exisls near the surface, thawing infiuences can
keep the ground in an unfrozen condition to a
depth greater than that which is prevalent. Any
body of water, such as a pond, lake, or river, will
have this effect. Other influential effects include
buildings, roads, pipelines, and, in short, any
mark of civilization.

Corrosive Environment

The rate at which a material will corrode or
detcriorate is affected by its environment. Two

conditions are required before corrosion can oc-
cur. (1) The metal being corroded must be in con-
tact with an electrolyte, or liquid capable of von-
ducting electric current. This makes it possible for
certain chemicul reactions to occur. Electrolytes
vary widely, ranging from a minute amount of
nearly pure water formed by condensation, to sea
water. {2) There must be a dissimilarity in Lwo
areas of the surface being corroded. This could
result from the presence of strains or inclusions
in an alloy, the contact of dissimilar metals, or a
multitude of possibilities beiween these extremes.

Environmental factors governing the corrosive
character of a soil are principally the degree of
aeralion and the presence of water-soluble salts.
Aecration is important because many metals need
oxygen to form a dense, tough layer of metallic
oxide on their surfaces, which prevents further
corrosion by isolating the remaining metal from
the electrolvte. Aluminum and steel protect them-
selves in this manner. In addition, when one area
of a metal is in an environment with a good sup-
ply of oxygen while another area lacks oxygen, a
condition of dissimilarity is set up in which cor-
rosion is accelerated. An example of Lhizs can be
seen in a partially submerged piece of iron. That
portion abave water is supplied with more oxygen
than the portion helow water. At the waterline
these dissimilarities are close to one another, re.
sulting in intensified corrosion.

Water-soluble salts have an effect on corrosion
in two ways. First, the ions that form when salis
dissolve improve the capability of the clectrolyte
1o carry current. The greater the ability of the elec-
trolyte to carry current, the faster corrosion will
occur. In both atmospheric and underground cor-
rosion, water is normally the electrolytic medium.
Water with dissolved salts is a better electrolyte
than pure water. The salts most often found in
highly corrosive soils are sodium chloride (NaCl),
commonly known as lable salt, sodium sulfate
(Na;50.), calcium chloride (CaCl,), magnesium
chloride (MgClL,), potassium sulfate (K,SO,), and
calcium bicarbonate (Ca(HCO,),} (Romanoff 1957).

The second effect of water-soluble salts is the
influence they have on the formation of the dense,
tough protective layer which forms on the surface
of certain metals. Sometimes this layer cannot
form in the presence of various ions. For example,
aluminum is normally quite noncorrosive because
aluminum oxide quickly forms on its surface.
However, in the presence of dissolved salts, the
oxide layer does not form densely enough to pre-
venl infiltration of the electrolyte, so corrosion
continues at a high rate.

Of the types of monuments which may be used
in the National Vertiea! Control Network, only the
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Use disk set in bedrack {13)

Seek coarse-grained soils {6) X1 X

Seek well-drained soils (9} X X

 Seek wall-aerated solls {10) P

Set on crests of hills {B) X X

Seek soils with high resistivity (12] Sl X
Natural/readymade protection® (5} X

Anticipate future constructionb {5} X

Set near edge of right-of-way {5,12) X X
Banch mark design (3,12,14) x| x] xix ‘ , X
Anchor sleeved rod below level of dis- % X %

turbance (14)
Set disk in massive, deep structure [9) X | X} X|x

Table 1.—Summary of measures taken to set high-quality bench marks

COUNTERMEASURES

{Discussed on page no. shown in
parentheses) -

Historically significant structure {10) X

Modern buildings {10} X

:?er;\ain distant from thawing effectsC
10

Ensure good referencing (8} ‘ X

Avoid heavy vegetation (8) X ’ X

Avoid river banks (5} ‘ X

Avoid flood plains (8) X X

Avoid shoreline scarps {5) , X

Avoid salt water shorelines {12} ‘ X

Avoid areas as determined by geological X X X X
datad {9)

Avoid expansive bedrock {9} X

Avoid new structures (less than 5 years . X
oid) {10’

#Inciudes fence tines, wtility poles, structures, and private and public grounds.

Bincludes highways, parking lots, buildings, pipelines, snd weterways.
Cinciudes lakes, rivers, buildings, and pipelinss.

B0verviews of kaests, siope instability, shele outcrops, oil and gas bearing formstions, swc., from the U.S. Geological
Survey, States’ Geological Surveys, States’ Departments of Naturat Resources, and public utilities commissions.
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class A and B rod marks (pages 14 and 25) are par-
ticularly vulnerable to corrosion. The rods for
these marks will unavoidably be placed in corro-
sive soils. As a protective measure, the rod is made
of type 316 stainless steel, which is more resistant
to corresion in nearly all environments than other
affordable alloys. Even so, steps can be taken to
increase its life. It is most susceptible to corrosion
in poorly aerated environments and those in which

there are chlorides.
Iron compounds are commonly contained in

soils. Well-aerated soils are generally recognized
by their red, yellow, or hrown colors resulting
from the oxidation ef these compounds. Sites with
these soils should be sought for bench mark set-
ting. Poorly aerated soils are usually gray in color
due to the lack of sufficient oxygen to oxidize the
iron compounds. They may also be identified by
their poor drainage characteristics.

Avoid areas where there is a high concentration
of chlorides. When setting marks along highways,
keep them at least 10 meters from the road sur-
face where heavy salting might be done in winter:;
setting along the edge of the right-of-way is gen-
erally a good practice. Although it will sometimes
be impossible due to project requirements, try to
avoid salt water shore lines. When the purpose of a
project is Lo provide shore line control, stay off the
beach if project instructions will allow.

Finally, if the means are available to measure
soil resistivity, a good indication of the corrosive
character of a soil can be obtained. The more re-
sistant a soil, the poorer the electrolyte, and con-
sequently, the less corrosive it will be.

Safety

If a monument extends below ground level,
there is a chance of encountering underground
cables or pipes when installing it. This is especially
true when drilling a hole for the sleeved class A rod
mark (page 18), and the situation is more critical in
urban areas than in rural areas. Evidence of under-
ground utility lines often can be observed at the
surface. Waterlines are marked by valve boxes at
mosl street intersections. Avoiding the line be-
tween valve boxes will decrease the chances of
hitting a pipe. Also, fire hydrants indicate where a
water main lies. Hydrants usually are placed with-
in a meter of 1he line and to the side away from the
street centerlinc. Most water and sewer lines lie
under the road surface, bul some are placed ad-
jacent to it. Avoid the area hetween the street and
sidewalk.

Telephane and electrical cables are normally
{aid from 1/2 10 1 meter below the surface. Hous-
ing developments built in the 1960’s and later are
much more apt to have underground cables than
those built before that timc. The absence of tele-

phone and power poles is conclusive evidence that
there are underground cables in the area, but the
presence of poles does not necessarily dictate
otherwise. Buried telephone lines usually run di-
rectly beiween junction box pedestals or between
telephone poles. Electrical cables may be run ad-
jacent 1o telephone lines, Where an electric ap-
pliance such as an air conditioning unit or flood
light is located apart from other structures, an
underground cable to it would probably run di-
rectly from a metering device. Stay clear of that
path. ‘

Gas lines are harder to detect. Meters and valves
are helpful if they arc not oo far apart. As with
telephone cable pedestals, do not drill on a direct
line between them.

If circumstances permit, the best way to avoid
problems is Lo contact the local metropolitan util-
ities commissions. Underground pipe and cable
information can often be had by calling one cen-
tralized office which maintains liaison with all the
various utility companies. When it is possible todo
reconnaissance a few days in advance of 1he actual
mark setting, this alternative will be efficient. If
this is not possible, il is advisable to use a pipe and
cable locator for detecling conductive materials
underground. However, these devices are not in-
{allible. Plastic, unreinforced concrete, and clay
tile pipe will not register on them. Get into the
habit of looking for “Buried Cable” signs. And
finally, set marks near utility poles, but not on line
between them when other considerations in site
selection will allow. Utility poles cannot be set over
waler and sewage pipes.

4. INSTALLATION

Maintaining Good Public Relations

The purpose of the Federal Government is to
serve the public. Pertaining o the establishment
and maintenance of geodetic control, this principle
has at least two applications. One is to gain the un-
derstanding and good will of the public, Another
is to project the credibility of the National Ocean
Survey/National Geodetic Survey through the
visible evidence of its mission—survey control
markers.

These objectives can be accomplished with only
a little extra effort. Always obtain permission from
the landowner when setting bench marks on pri-
vate property. Responsible officials must be con-
sulted when a prospective sile is located on public
or corporate land. If approached in a polite and
tactful manner, a hesitant individual often can be
persuaded Lo permit installation at the desired site.
Most citizens can be convinced 1o take personal
interest in having a bench mark carrying NGS’s
distinetion on their property. Appeal to the indi-

12



vidual’s public spirit. Explain what bench marks
are used for, the need for their stability and dur-
ability, and the expense involved with replacing
them. The setting of bench marks provides an ex-
cellent opportunity to make the public aware of
NOS/NGS activities. Under ne circumstances
shall a bench mark be installed on an unwilling
property owner’s land, thereby provoking hostil-
ity toward the Federal Government.

The importance of a clean, neat installation can-
not be overemphasized. Not only does it help
maintain friendly relations with the local citizens,
but it also upholds the esteem of the Federal
Government. Sloppy bench mark installations by
a few mark setters could understandably lead users
to believe that the whole leveling program is run
in a haphazard manner. Do not allow this to
happen.

Special Considerations at Line Intersections

Level line intecsections are of prime importance
when it comes to malthematical adjustmeny of a
vertical control network or portion of it. Junction
points are used for the initial adjustment of the
system. Intermediate elevalions are not taken
into account until after this initial phase of the ad-
justment. As a result, no elevations can be better
than those at the junctions: therefore, only the
highest quality bench marks should be used there.

Sound bedrock should be used for these points
if at all possible. Relocating the point of inter-
section as much as 10 kilometers to take advantage
of an outcrop would not be unreasonable. When
outcrops of sound bedrock are not available, choose
the next best location following the guidelines
enumerated in chapter 3. Other than bedrock
marks, only disks in structures and class A rod
marks as explained in succeeding sections are
permissible for first-order junction bench marks.

Once the location is found, steps must be taken
to preserve the junction by placing supplemental
monuments nearby which can also serve as june-
tion points, In the event the primary monument is
destroyed, the integrity of the network will re-
main. AL intersections of two first-order lines, a
minimum of three monuments shall be placed not
less than 0.5 kilometer apart. At intersections of
first- and second- or two second-order lines, a
minimum of two monuments shall be placed not
less than 0.5 kilometer apart. Junctions with third-
order lines need no special considerations. In all
cases, try to select sites that will not all be de.
stroved by one common cause such as the widen-
ing of a highway,

Disk Set in Bedrock or Structure

Sound bhedrock is the most desirable setting for
a bench mark. Besides the ease with which a disk

can be installed in bedrock, it provides the most
stable setting that can be used in terms of hoth
underground activity and disturbances inflicted
by people. Always use bedrock when a suitable out-
crop exists. As a rule of thumb, the bedrock is good
if the distance between joints and fissures is grealer
than 1 meter.

The National Geodetic Survey bench mark disk
(see fig. 3) is made of brass or bronze. It is about 9
centimeters in diameter and has a spherical sur-
face to support the foot of the leveling rod. In-
formation is imprinted on this surface to identify
the monument and to aid the user in obtaining
data on it. This logo is recessed so that it does not
interfere with placement of the leveling rod. A
deformed shank, about 7-1/2 centimeters long, is
silver-soldered to the bottom surface of the disk to
help prevent the disk from being dislodged. Disks

“with tubular shanks can also be used.
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The step-by-step procedure for setting the disk
in bedrock is as follows:

1. Stamp the designation and year on the top sur-
face using 4.75-millimeter (3/16-inch) steel
dies. :

2. Pick a fairly level and accessible spot on the
outcrop that is intact with the bulk of the rock.

3. Drill a 2-1/2<centimeter hole about 10 centi-
meters into the hedrock and recess the area
around the top of the holc to a diameter
slightly larger than that of the disk. When the
installation is completed, the tap surface of the
disk should set level and flush with the sur-
rounding rock. Caution: Safety goggles should
be woen when drilling into bedrock or
masonry.

4. Remove the rock powder from the hole and
recessed area and fill the hole with clean wa-
ter; then pour cement into it. Mixing of the in-
gredicnts is done right in the hole. By adding
more water and cement, make enough mortar
30 that an extra amount is available to place on
the underside of the disk and, if applicable,
inside the shank, When the mortar is com-
pletely mixed, it should be thick but still
workable,

5. Fill the depression on the underside of the disk
with mortar. For disks having tubular shanks,
also fill the shank with mortar. This is very im-
portant because it will prevent the existence
of highly undesirable voids under the disk
once it is in place.

6. Place the shank of the disk into the drilled
hele and press the mark firmly into place.
Work the excess mortar around the outer edge
of the disk, making sure that it is smooth and
flush with Lhe top surface. An exposed edge of
the disk would provide an area which could be
used by someone to dislodge it. Fresh mortar



Figure 3.—NGS bench mark disk stamped with designalion and year.

on the upper surface of the disk can easily be
clcaned off.

7. Sprinkle some dry cement on the exposed sur-
face of the disk; then rub it with a elean rag
using circular strokes. This will clean the disk
very nicely, removing all excess mortar from
its surface and recessed letters. Rubbing the
wet mortar around the edge of the disk in the
same manner will do no harm. On the con-
trary, this is often done intentionally to finish
its surface and prevent cracking. Brush away
loose cement and make sure that the finished
product has a very neat appearance.

8. If there is a nearby erevice or spot of ground in
which a witness post can be conveniently set,
this should he done.

9. While the mortar is still wel, it must be cov-
ered to prevent heavy rains from ruining its
surface and to conceal the disk from people
who might tamper with it. A piece of wood,
cardboard, heavy paper, or similar biodegrad-
able ilem will suffice.

10. The installation is not completc until all ac-
cumulated trash has been picked up. Leave the
place in good order.

In setting a disk in a massive concrete or ma-
soury structure, first make sure the structure is
stable. [ts foundation must extend to a depth that
equals or exceeds 25 percent of the specified depth
of the sleeve for the class A rod mark, as indicated

in table 2 (page 27). Furthermore, the foundation
must be at least as deep as the maximum depth of
frost penetration indicated on the map in figure 13
(page 34)..

The disk can be mounted vertically in the wall
of a structure, but should always be set horizon-
tally if possible. The procedure for setting a disk
horizontally in a structure is identical to thal for
setting one in bedrock. Make sure safety goggles
are worn when drilling into masonry or ¢oncrete.
Since for a vertical setting the hole for the disk’s
shank must be drilled horizontally, the morlar
must be mixed separately. When drilling into
brick or other soft material, a hammer and star
drill should be used, rather than heavy power
equipment, to prevent extensive damage to the ex-
terior. The hole should be wetted before mortar is
put into it. After placing the shank of the disk into
the mortar filled hole, work it to the bottom edge
of the hole so that it will not settle askew while the
mortar is curing.

Class A Rod Mark

The class A rod mark is to be used whenever pos.
sible where sound bedrock and subslantially
stable structures are not available. The top of a
steel rod serves as the datum point. The rod itsell
anchors the datum point to a stable stratum of
soil. In most areas a sleeve is required to isolate the
rod from soil movements occurring sbove the
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stable stratum.® {See fig. 4.) This sleeve is omitted
where no soil movements are expected. At the sur-
face an encusement around the datum point pro-
vides protection from impact and information to
the user, (See fig. 5.)

The rod is assembled from sections of 1.43-centi-
meter {9/16-inch) type 316 stainless steel* coupled
with threaded studs of the same material. The
sleeve is _made from 2.54-centimeter (l-inch)
schedule 40 polyvinyl chloride (PVC) pipe with
fittings to couple the sections. The annular space
between the rod and sleeve must be filled to pre-
vent water from infiltrating it. 1f waler is allowed
to seep into this space, two problems will arise:
corrosion will occur; and when the waler freezes,
stresses hetween the sleeve and soil will he trans.
mitted to the rod. The substance used as the filler

should he a grease or grease-like product with a

consistency that will remain soft at cold tempera-
tures. [t must be insoluble 1n water, noncorrosive
to the rod and sleeve, and must have an extremely
long life expectancy.

The casement consists of a 12.7-centimeter (5-
inch) PYC pipe, 1/2-meter long, fitted with an
aluminum flange around its top edge. The flange
is imprinted with the standard information that
accompanies all bench mark monuments and is
stamped with the stalion’s designation and vear.
Its inside edge is recessed 1o accommodate a hinged
aluminum cover. This arrangement is placed a-
round the top of the rod, slightly below ground
level. Approximately 20 liters (2/3 cubic foot) of
concrete is then poured around it to hold it firmly
in place and to aid in recovery of the monument if
it becomes buried.

This type of monument has been designed to
prevent near-surface soil movements from chang-
ing the bench mark clevation. The two major
kinds of movements it can counteract arc frost
heave, and shrinking and swelling of expansive
soils. Averting these movements is accomplished
by extending the sleeve to the maximum depth to
which these soil movements are expected to occur.
Then the rod assembly, after being placed inside
the sleeve, is driven or pressed into the soil so that
it is anchored below the sleeve, and consequently,
below the layer of disturbance.

When frost heave can occur, the sleeve is placed
1o a depth three limes as great as the maximum
frost penetration indicated in figure 13 (page 34).
When any type of upright, such as a post, pile, or
pipe. is subject to frost action, the upward motion

* Although it is somewhat detrimental from = corrosion
standpoint, the sleeve is normally essential for stability.

* This alloy has the optimum combination of iron, wickel,
and chromium to combat carrosion in both weight loss and
pitdepth, and yet remains economical,
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caused by frost heave is normally greater than the
subsequent settlement after the ground has thawed.
Unless there is an opposing force, the object will
cventually be ejected from the ground. A sleeve
placed to three times the depth of frost will have,
in nearly all instances, enough friction between it
and the soil helow the frozen layer to resist the
upward force of frost heave. In any case, the jack-
ing effect of frost action wil] be retarded.

Consolidation of a soil mass cun be counteracted
with this bench mark when it is placed to a suf-
ficient depth. As long as the sleeve isolates the rod
from the soil where consolidation (or rebound) can
have an effect, movement from Lhis cause will not
change the bench mark’s elevation. To be used
effectively in this manner, a geologist or soils ex-
pert must determine where these movements
occur.

It is suggested that one of two methods be used
to place the 2.54-centimeter (1-inch) PVC sleeve,
though other methods might also prove effective.
(1) Where the soil is self-supporting, the cleanest
and quickest method is to use a small diameter,
conventional flight auger, Briefly, a hole is drilled
to the specified depth of the sleeve, the string of
augers used in drilling the hole is retracted, and
the sleeve is lowered into the hole. (2} Where the
soil is subject to caving, as in a loose dry sand, or
in working helow the water table, a hollow-stem
auger can be used. The auger is drilled 10 the
specified depth, the bench mark sleeve is lowered
into place through the auger, and the auger is
retracted, leaving the sleeve in place.

When it is unknown whether or not a hole will
support itsclf, use the conventional flight auger.
If the hole caves before the bench mark sleeve can
be lowered into it, start over usi ng a hollow stem
auger. Once some experience is gained in a par-
ticular region, the mark setter will intuitively
know whether a conventional auger will likely
suffice or if efficiency would be Jost in this trial-
and-error method.

A suggested routine using the conventional
flight auger is given next. Some of the steps need
not necessarily be taken in the prescribed order.
Experience will dictate the most efficient manner
for a particular crew. One crew’s method is picto-
rially illustrated in figure 6 (pages 20-24).

WARNING: Precautions must be inaken before
drilling into the ground. Underground pipes
and cables can be damaged and can also cause
damage to drilling equipment. Conceivably,
injury or death could result from drilling into
an electrical cable or gas line. (See “Safety,"
page 12.)
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. Maneuver the drill into position with the ro-
tary head situated over the spot where the
monument is lo be placed. When the site is on
an incline, the vehicle should be facing uphiil.

. Level the vehicle with the stabilizing jacks. A
carpenter’s level can be placed vertically a-
gainst the drill head mast to make sure it is
plumb both transversety and longitudinally.

. Where neat landscaping must be preserved,
place a 2-meter square tarpaulin on the ground
and drill through a 1/2-meter hole cut in its
center,

. Bore a hole 30 centimeters in diameler to a
depth slightly more than 1/2 meter for the
protective flanged encasement. This hole will
be filled with soil during subhsequent opera-
tions, hut the objective is to loosen Lhe soil in
preparation for setling the encasement.

. Connect an appropriate bit to the first section
of a small diameter conventional flight auger
and begin drilling a hole to the required sleeve
depth. Depths for sleeves set within the con-
tinental United States are specified in table 2
(page 27). Use ligures 7 through 13 in conjunc-
tion with this table to determine the depth.
Use the deepest depth indicated when a variety
of conditions exists. In regions outside the
conterminous States, the sleeve shall be placed
to a depth of 10 meters. Examples for deter-
mining the depths are given in appendix E.
When the required depth is reached, pull the
angers straight up with no rotation to keep the
hole clean. Before removing the last section of
auger, clean the loose soil out and away from
the hole bored in step 4. After all the flights
have been retrieved, move the rotary drill head
off the axis of the hole to provide clearance for
the next steps.

. Attach appropriate fittings to one end of a

2.54-centimeter (l-inch) PYC pipe to reduce
the inside diameter 1o 1.39 or 1.90 centimeters
(5/8 or 3/4 inch). Lower the pipe into the hole
with the reduced end down, then connect and
lower more sections of pipe as required. The
last section to be assembled must be cut to
length so that when the bottom of the hole is
reached, the top of the sleeve will be about 25
centimeters below the surface of the ground.
Finally, glue a female slip-to-thread adaptor to
the top of the sleeve. This will be used to make
connections Lo a grease pump for filling the
annular space with lubricant.

8. Assemble the 1.43-centimeter (9/16-inch)

stainless steel rod and lower it into the sleeve.
If a long, unwieldy length is required, the rod
may be coupled while it is being lowered into
the sleeve. To obtain tight joints, fingertighten
them and then apply one-quarter turn more.

9, When the rod assembly rests in the bottom of
the hole, it must be pressed or driven into the
soil beneath the sleeve. Alternately couple and
drive more sectionz of rod until it resists a
downward static force of 250 kilograms,” but
make sure at least 1 meter of rod extends below
the sleeve. In clay, driving may he terminated
if the 250 kilograms of resistance are not met
after 10 meters of rod have beendriven.

Care must be taken not to deform the end of
the rod being driven, or coupling of the next
section will be difficult. In the event refusal is
met hefore the minimum of 1 meter is driven,
the rod and sleeve must be pulled up, and the
hole must be drilled to the depth at which the
rod will ultimately be placed (1 meter below
the sleeve). New soil, s0il mixed with cement,
or concrete must then be compacted in the
bottom of the hole to provide a good anchoring
material for the rod. In cases where soil mixed
with cement or concrete is used, extreme care
must be taken to prevent the sleeve from be-
coming embedded in the anchoring material,
or movement of the sleeve will be transmitted
to the rod. One way to do this would be to
dump a layer of the original soil over the an-
choring material to provide a buffer between
it and the bottom of the sleeve. If a large ob-
struction makes it impossible to drill to the
required depth, the anchoring material must
be compacted in the bottom of the hole to a
depth 1 meter above the obstruction. Adjust
the sleeve length accordingly and take precau-
tions to izolate it from the anchoring material.

10. Provide the top of the rod with a suitable high
point on which a leveling rod can be supported.
This may be done in one of three ways. (1)

When the depth to which the rod will be driv- )

" en is known in advance, use a prerounded top
section for the last length of rod 10 be coupled.
{2) Cut off the rod when the proper depth is
reached and round the top with a file. Or (3)
crimp a type 316 stainless steel cap with a
hemispherical end onte the top of it.

11. Pump the filler into the annular space between
the rod and sleeve, making sure no voids are

* The 250-kilogram resistive force can be determined in.
directly by relating dynamic resistance to driving rate. Ig-
noring energy losses, the work done in driving the rod equals
the energy outpul of the driving equipment. For a drop
bammer, 1he Resistance offered by the soil times the set
(penetration per blow) equals the Weight of the hammer
times the Height from which it was dropped (Rs.= WH). For
a gasoline powered impact hammer, the Resistance times
the set equals the effective Emergy output of the impact
hammer (Rs = E). Since the ultimate bearing eapacity un-
der static load is usually many times the driving resistance,
this relationship will yield conservative resulis if R is set 1o
250 kilograms.
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12,

13.

14.

16.
17.

left. Approximately 1/3 liter (0.1 gallon) of
filler is needed for cach meter of sleeve. Dur-
ing this operation, the slecve may have lo be
lifted slightly to allow air to escape from its
bottom. When the entire space is filled, place
a 1.43-centimeter (9/16-inch) ID (inside di-
ameter) X 2.54-centimeter (1 inch) OD {out-
side diameter) “O” ring or rubber bushing
around the rod inside the top of the slecve just
below the adaptor. This will serve to steady the
rod for the process of differential leveling. It
will also stabilize the rod horizontally in the
event the mark is someday used also for hori-
zontal control.

Backfill the hole around the bench mark
sleeve with soil. Much of the soil brought to the
surface during the drilling of the hole can be
disposed of in this manner. Make surc the
sleeve gets firmly impacted in the hole in case
the monument is eventually used also for hori-
zontal control, [n areas subject to frost heave,
it is desirable to use a clean sand in the upper
end of the hole to the depth of maximum frost
penetratlion.

Clean the soil out of the 30-centimeter hole
around the bench mark sleeve 10 a depth of
about 30 centimeters, Place a 1/2-meter length
of 12.7-centimeter {5-inch) PVC pipe around
the rod and sleeve so that they are centrally
located within it. Press or drive the pipe down
until its top edge is about 3 centimeters below
the surface of the ground and 10 centimeters
above the top of the rod. Fill the protective
pipe around the sleeve with soil until about 2
to 4 centimeters of the sleeve and 10 centime-
ters of the rod are exposed.

Stamp the bench mark designation and year in
the area provided on the alaminum flange
supplied for the top of the protective PVC
pipe. Then fit the flange and cover over the
pipe.

. Mix about 20 liters of concrete, the approxi-

mate amount produced by the commercially
available 36-kilogram (80-pound) bag of pre-
mixed concrete. Pour the concrete around the
pipe and flange and tamp it into place. Finish
the surface of the concrete so that it is flush
with the top surface of the flange and it slopes
gently away from it. This is important because
no exposed edges will be left to facilitate re-
moval of the flange, and water will drain away
from the access cover rather than into it. Re-
move excess concrete from the flange and be
sure the imprinted information is nol defiled
with concrete.

Sel a witness post when appropriate.

Beforc leaving the arca, clean it up. Scatter or

drilled holes. Pick up trash which has aceumu-
lated during the installation. Finally, set a
temporary covering over the wet concrete to
‘shelter it until it cures.

The procedure for placing a sleeved bench mark

using hollow-stem augers is nearly the same, with
the following exceptions:

1. After boring the 30-centimeter hole for the en-

casement, attach an appropriate cutterhead lo
the first section of a small diameter, hollow-
stem auger. At the time of this wriling, the
smallest known available size has a 5.7-centi-
meler (2-1/4-inch) ID and a 12.7-centimeter
(S-inch) OD. Fit the cutterhead with a dispos-
able knockout plug. Plastic is preferred o a
wood plug which could swell when used in a
wet environment, making its removal difficult.
Never use a metal plug unless it is type 316
stainless steel. Contact of dissimilar metals in
the completed installation must be avoided.

. Drill to the required sleeve depth in such a
maanner as to bring as little soil to the surface
as possible. This is accomplished by combining
proper speeds of rotation and feed to obtain a
screwing effect rather than a boring effect, and
by halting rotation immediately after the drill
head has reached the bottam of the feed stroke.

3. Retract the string of augers about 1/4 meter

and secure them with an auger fork. Discon-
nect the augers fram the rotary drill head and
move the head off the axis of the hole to pro-
vide clearance for lowering thesleeve.

4. Assemble and lower the 2.54-centimeter (1.

inch) PVC sleeve into the hollow stem of the
auger string. To knock out the disposable plug
in the cutterhead, lift the assembled sleeve
about 2 or 3 meters and let it drop. When
working below the water table, cohesionless
soils at the bottom of the hole can somctimes
be washed up inside the hollow stem by pres-
sure of water outside the augers. To prevent
this, fill the inside of the auger with water to
at least the height of the water table before the
plug is knocked out.

Relract the string of augers by reversing the
rotation of the drill head and lifting it with the
pullout mechanism. With the appropriate
combination of rotation and pullout speeds,
excess soil Lhat was brought to the surface can
sometimes be returned and compacted around
the bench mark sleeve.

6. Assemble and lower the slainless steel rod as

before and complete the remaining steps as
listed in the procedure for using the conven-
tional flight anger.

In some siluations, unexposed bedrock will be

otherwise dispose of any leftover soil from the encountered before the required bench mark slecve



@ Digging through the sod.

Drill rig manenvered into position and leveled.

@ Preparing 10 attach a large auger.

Boring = hole for the protective
casement.

Figure 6.—Sctting a sleeved class A rod mark.
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: Pumping filler into the sleeve.

Sleeve lowered into the hole.

@ Lowering the rod into the sleeve.

@ Driving the rod into soil beurath
the sleeve.

Figure 6. —Continued.
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Filling soil in hole around the slecve. {Sleeve
temporarily extended to keep dirt out.)

@ Driving the protective pipe into

place.

Figure 6.—Continued.
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Sleeve and rod in piace.

Filling soil inside the protective pipe.



@ Preparing the hole for concrete,

The completed bench mark.

Working concrete around the protective pipe
and logo flange.

Wriling the description.
Figure 6.—Continucd.
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depth is reached. If drilling is halted by an under-
ground obstruction, note the depth of the obstacle,
mave the equipment a few meters, and try drilling
again with a conventional flight auger. If the ob-
struction is once again encountered at roughly the
same depth, it is likely to be bedrock. The class A
rod mark can be set to a depth less than normally
required if one of the holes is 4 meters or more in
depth. If both holes are less than 4 meters, another
try must be made or another site located.

Once it has been established that there is prob-
able bedrock at a depth of 4 meters or more, a rod

“type bench mark can be set. Where the soil is seli-

supporting and the desired hole stays open, back-
fill it with concrete or soil for 1 meter above the
bedrock. If the hole has caved, redrill it with a
hollow-stem auger to a depth 1 meter above the
bedrock. Place the sleeve into the hole as usual
making sure it does not become fixed to the con-
crete in the bottom, if used. Before placing-the
rod, cut its bottom section off so that when pressed
or driven to the bedrock, its upper end will be
about 15 centimeters below ground level. The re-
maining steps are identical to those for placing Lhe
usual sleeved rod mark. (See pages 18-19.)

To anchor the rod into the underground bed-
rock would be desirable but not absolutely neces-
sary, Total vertical motion at any particular depth
results from the accumulation of incremental
changes below it. Accumulation begins at the level

‘where movement is nonexistent and the surface of

bedrock delineates the level where no soil move-
ment oecurs. Since the rad will be exposed to the
soil for only 1 meter above that depth, only the
activity accumulated over a l-meter depth starting
from zero movement will be transmiited to the
rod. This amount is negligible.

Where the soil is nonexpansive and the maxi-
mum depth of frost penetration is less than 1/2
meter as determined in figures 7 through 13, no
sleeve is required for the class A rod mark. The
setting procedure is simple.

l. Maneuver the drill rig into pesition and level

it.

. Boare a hole 30 cemimeters in diameter to a
depth slightly greater than 1/2 meter to ac-
commodate the protective flanged encasement.

3. Press or drive the rod to its required 4-meter

depth. In areas where this is made difflicult due

to the existence of hard clay, scattered stones

or cobbles, or frost, a hole can be drilled to a

depth of 3 meters, meximum. The rod can be

placed in the hole and pressed or driven an-
other meter so its top is about 15 centimeters
below ground level. Then the hole is backfilled.

4. Fabricate the protective encasement, set a wit-

ness posl, and clean up as with installing the

sleeved class A bench mark.

o

2

‘

This mark can also be set with an ordinary post
hole digger and gasoline powered hammer. Firsy,
the 30-centimeter hole is dug. Then the sectional
rod is driven and connected, one length at a time.
And finally, the protective casement is constructed
and the remaining steps taken as indicated.

Class B Rod Mark

To perpetuate the National Vertical Control
Network with monuments of only the most stable

. nature would be ideal, but other factors make this

impossible. Situations will be encountered where
bedrock or other stable settings are not at hand,
and where the goil is unstable bui the equipment
required toset the sleeved rod mark is unavailable.
Among others, mark maintenance personnel, who
relocate monuments which are destined for de-
struction, and those who set tidal bench marks
for the Office of Marine Surveys and Maps, Na-
tional Ocean Survey, need an alternative to the
sleeved class A rod mark.

The class B mark consists of a stainless steel rod
assembly driven to a depth based on soil and
weather conditions, and capped with the standard
bench mark disk. It has no sleeve. A casement at
the surface protects the monument from damage
by impact. This casement differs from the flanged
encasement for the class A rod mark in that a PVC
clean-out plug is used in place of the logo flange
and access cover. The bench mark disk carries the
logo and designation. Except where soil move-
ments are nonexistent, these marks cannot be ex-
pected to hold their elevations as well as the class
A rod marks, The procedure for selting a class B
rod mark is as follows:

1. Dig a 30-centimeter hole to a depth slightly
greater than 1/2.meter for the protective
casement,

2. Taking care not to deform its end, drive the
first section of 1.43-centimeter (9/16-inch)
stainless steel rod down to just above ground
level. Make sure it remains plumb while driv-
ing. Couple another section of rod tightly Le
the firstand drive the assembly down as before.
To obtain tight joints, finger tighten them and
then apply one-quarler turn more. Repeat this
procedure until the required depth is reached
as indicaled in table 3 (page 27). When a vari-
ety of conditions occur, use the deepest depth
specified. In clay, however, the depth may be
limited to 10 meters. Drive the last section down
to about 10 cenlimelers below ground level.
Every effort must he made to reach the mini-
mum depth specified. [f firm resistance is met
hefore the required rod depth is nearly ap-
proached, discontinue driving before the rod
becomes tightly embedded in the resistant
layer. Using a pipe wrench to rotate the rod



clockwise while simultaneously pulling up on
it, try to pull it out so the installation can be
attempted in another spot. When firm resist-
ance is met at nearly the required rod depth,
continued driving will probably result in
reaching that depth. Drive with determina-
tion; as long as the rod keeps going down, no
matter how slowly, keep at it. If the required
depth is not reached after exhaustive efforts,
cut the rod off about 10 centimelers below
ground level and use as is.

Stamp the designation and year on the bench
mark disk and crimp the holiow shank on the
disk onto the top of the rod.

Place a 10.2- or 12.7-centimeter (4- or 3-inch)
PVC pipe 1/2 meter in length around the disk
and rod. Press or drive the pipe down until its
top edge is about 5 centimeters below ground
and 5 centimeters above the disk. Fit the top
of the pipe with the proper size slip plug or
threaded plug with appropriate female
adaptor. .
Mix about 20 liters of concrete to place around
the top of the protective pipe. Twenty liters is
the approximate amount produced by the com.
mercially available 36-kilogram (80-pound)
bag of premixed concrete. Pour concrete
around the pipe and tamp it into place. Finish
the lop surface of the concrete so that it slopes
gently downward and away from the top of the
pipe. This is important because it will help
drain water away from the protective pipe

)

rather thanintoit,

6. Set a wilness pDSt when appropriate.

7. Before leaving the area, clean up any trash
that accumulated during the installation. Fi.
nally, set a temporary covering over the
whole arrangement to protect it until the
concrete curces.

Miscellaneous Marks

Occasionally, a natural or readymade hench
mark setting will exist that would be more stable
than a rod mark but which cannot accommodate a
brass disk. An example is a deep well casing. It
would resist not only near-surface movements, but
also, lo a degree, movements originating in the
subsurface such as subsidence from pumping. A
good illustration of this can be seen in Santa Clara
Valley, Calif., where well casings project promi-
nently because of ground subsidence. These set-
tings should not be passed by simply because disks
cannot be mounted on them. They can furnish ex-
cellent references for elevations, provided they ex-
tend at least three times as deep as the required
sleeve depth for a ¢lass A rod mark in that area.

It is important to select a good point of refer-
ence for the elevation of this type of bench mark.
A prominent protrusion can be used if it is definite
and has a good high point on which to rest the
leveling rod. Alternatively, a cross can be etched
with deep fine lines on a spot accessible to a level-
ing rod or tape. If possible, stamp or etch the
bench mark designation and year nearby.
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Table 2.—Sleeve depth for class A rod mark set within
the continental United States

Condition Extent of ocvurrence Depth
nonexpansive no sleeve required bt
Soil volume change® low expansive character 6 meters X CF*
medium or high expansive character 10 metersX CF*
S , . maximum (.5 meter or less no sleeve required®
Active frost penetrution { . . \
maximum greater Lhan 0.5 meter 3 X max frost penetration
Permafrost” any extent 10 meters

4 Categories of expansiveness are shown on the maps in figures 7 through 11. Inability to ac-
curately delineate category boundaries necessliates assumption of the greater expansive character
when working near a boundary. A coueolidated map of these figures, at a larger scale, in color, is
available by writing 1o the USAE Waterways Experiment Station, P.O. Box 631, Attn: GEOQ, Vicks-
burg, MS 39180, It is entitled Occurrence and Distribution of Potentially Expansive Materjais in the
United States.

b Where no sleeve is required, the rod assembly shall be set 10 the depth at which a matic load of
250 kilogramys causes no movement (scc footnote 7, page 18) but at least 4 meters.

* The Climate Factor (CF) is indicated on the map in figure 12, Use the larger value when there
is doubt a3 to what value applies to a particular site.

4Depth of maximum f{rost penctration is indicated on the map in figure 13. Use the upper
limit for each area delineated.

€For an excellent overview of permafrost areas, consult Ferrains (1965).

Table 3.—Minimum depth for class B rod mark’

Condition Depth
Nonexpansive soils 4 meters
Soils of low expansive character 3 meters X CF
Medium or highly expansive soils 6 meters X CF
Low penetratign resistance® Tosubstantial resistanee®

Seasanal frost penctration 4 X maximum frost penetrationd

Permafrost 2.5 X maximum depth of uctive frost layer

“Footnotes a, ¢,d, and ¢ from table 2 also apply here.

b4 statie loud of 250 kilograms witl move the rod.

“Substantial resistance is indicated when a static load of 250 kilograms wi)l not move the rod
(see footnote 7, page 18).

d The minimum depth shall be 4 metees.
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5. DESCRIPTIONS

Descriptions are an important product of geo-
detic leveling becanse the utility of the vertical
control network depends largely on how effectively
they facilitate bench mark recovery. Consult the
NOAA Manual, Geodetie leveling (Berry 1978),
in preparation at the time of this writing, for de-
tailed instructions on how to wrile descriptions.
If this is not available, Special Publication No.
239, Manual of geodetic leveling (Rappleyc 1948),
also contains some valid information. General
guidance for describing a monument is given here.
In NGS, geodetic data, including descriptions, are
stored, manipulated, retrieved, and sometimes dis-
seminated by computer. Consequently, descrip-
tions must be submitted in preper computer-
readable farm for inclusion with NGS vertica] con-
trol data. Consult chapter 7 of Input Formats and
Specifications for the NGS Data Base (NDAA 1977)
for acceptable format, ‘

The text of the descriplion provides information
needed to locate 2 bench mark, It must be clear
and concise, first leading the reader to the general
vicinity of the monument, then to the exact spot.
Directions should start from a highway intersec-
lion or prominent landmark in the nearest city
shown on an official state highway map.

Unless the bench mark is very near the starting
point, distances are {irst given lo the nearest tenth
of a mile (or kilometer). The nearer the monument
is approached, the more refined the measuremenis
become, going from miles and tenths, to tenths of
a mile, to feet and tenths (or kilometers and tenths,
to tenths of a kilometer, to meters and tenths). As a
rule, give distances in order of decreasing magni-
tude, but the final reference measurements should
be made in the order which lends most conven-
iently to recovery. For éxample, if a monument is
located 2.6 meters from the corner of a building and
5.4 meters from a fence, it should be stated in that
order because the building would be spotted first.
Distances must usually be accompanied by direc-
tions to 8 points of the compass (i.e., north, north-
east, east...). Where confusion could result with
only 8 points, 16 points of the compass may be used
(i.e., east, east-southeast, southeast, . . ).

Do not record numeric data with more signifi-
cant digits than those with which they were ob-
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tained. The number 2.90 doves not imply the same
meaning as the number 2.9. The former refers o a
value between 2.895 and 2.905, which is accurate to
the nearest hundredth of a unit. The latter refers
to a value between 2.85 and 2.95, accurate only 1o
the ncarest tenth.

All bench marks to be included in the national
network must be referenced with consistent lech-
niques, or misinterpretation of some descriptions
will result. Distances between reference objects
and monuments should nearly always be measured
horizontally or mathematically reduced to a hori-
zontal distance. In special circumstances where
great conveunience results, a sloped distance may
be recorded in the description, but it must he
labeled as such. Distances not labeled as “sloped”
are always assumed to be horizontal. For an angle
of 30°, the difference between a horizontal dis-
tance of 10 meters and its sloped counterpart is
more than a meter. A discrepancy of this magni-
tude can result in considerable loss of lime when
searching for a buried monument, expecially if
the lines-of-position intersect at a shallow angle as
shown in figure 2 {page 8). Furthermore, a dis-
tance measured from a line, such as a fenceline or
centerline, should always be measured perpendic-
ularly to that line.

The origins of measurements must be clearly
defined in all cases except the following two,
where by convention they are inferred. (1) At the
junction of two or more roads, the origin will be
assumed to be the intersection of the centers of the
roads unless specifically defined otherwise. “The
intersection of U.S. Highway 29 and State Road
120" means the intersection of their centers. (2)
Measurements are assumed to be from Lhe center
of objects such as utility poles. Where another
position is desired for the starting point, it should
be noted {e.g., **4.5 meters southeast of the south-
east edge of telephone pole number 2587). )

Good descriptions are very important. Some
hench marks are not recovered and used for many
years after they are set. During this time heavy
vegetation can grow up around the monument,
making recovery difficult and time consuming,
Objects used as reference poiats can be moved or
destroyed. Good judgment and foresight are
needed in referencing the mark and writing the
description.



APPENDIX A.—APPROXIMATE CONVERSION TABLE: METRIC TO
ENGLISH UNITS

1 millimeter = 0.039inch
lcentimeter = 0.3%inch
ldecimeter = 39inches

1 meter = 3.3 f{eel

1 kilometer = 0.62 mile
1liter = 0.26 gallon
1liter = 0.035 cubic foot
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APPENDIX B.—EXCERPT FROM U.S. LAKE SURVEY MISCELLANEQUS PAPER 638-6,
THE USE OF GEOPOTENTIAL HEIGHTS FOR GREAT LAKES VERTICAL DATUM,
BY CARL B. FELDSCHER AND RALPH MOORE BERRY, LAKE SURVEY DISTRICT,
' " DEPARTMENT OF THE ARMY, U.S. CORPS OF ENGINEERS®

This discussion deals in general with a subject
that the average civil engineer, without any geo-
detic orientation, would think of as “levels.” This
average engineer, having been exposed to the sub-
ject through a course in “basic surveying.” is ines-
capably inclined to think of “'levels” as the process
_of determining “elevations,” in the context of a
summation of vertical **height differences” above
some arbitrary “horizontal” plane assumed as a
datum,

If the purpose of “levels” is merely to provide
reference for setling of pavemenl forms, or any
other type of construction of moderately limited
extent, this first intuitive concept is adequate;
witness the fact that the average sewer undeniably
manages to flow “down hill."" But if the purpose
of “levels” is to provide vertical control over a

* relatively large area, or of higher accuracy than

that required in ordinary construction, additional
considerations must be intreduced.

The first additional consideration to be intro-
duced is the well-known fact that the earth is not,
in fact, a plane surface. Even the engineer wilh
only a basic course in surveying is willing to con-
cede this point, However, the nature of this surface
involves some moderately subtle concepts that are
not immediately apparent.

For example, many people are willing to accept
a sphere as being a suitable geometrical figure of
the earth. This, however, can lead to some patent
absurdities if carelessly applied to the principles
of levels, There is the case of the flow of the Mis-
sissippi River. Considering the 1335 kilometer
section from the mouth of the Ohio River (Cairo,
Ilinois) to Head of Passes, Louisiana, engineer’s
levels indicate that the mid-stage elevation of the
waler surface drops approximately 91 meters. (See
fig. 14, this manual.) This agrees with common
sense bul, to the unwary, is a bit difficult to recon-
cile with the fact that Head of Passes is 2643 meters

* Presented at Army Science Conference, U.S. Military
Academy, West Point, New York, June 1968. The U.S. Lake
Survey was abolished in 1976. Some functions were trane-
ferred 1o the National Ocean Survey, NOAA,

farther from the center of the earth than the Mis-
sissippi River is at Cairo, [{linois. This could lead
to the conclusion that the river is running uphili
at a rate of 1.7 meters per kilometer, instead of
downhill at a rate of 6 centimeters per kilomcter.
(The explanation of this absurdity lies in the fact
that the meridional section of the earth is ap-
proximately elliptical.)

This can, of course, be countered by the engineer
with the statement that he never meant for his
levels to define the distance of a point from the
center of the earth, When pressed for another de-
finition, he will mutter something about height
above “Mean Sea Level.” This can, however, be an
elusive concept unless carefully defined. There is
not much difficulty with the definition at any
single point on an unobstructed ocean shoreline.
Here, we are told, mean sea level will be revealed
as the average height of Lhe waler over the 19-year
period that is required for the earth and moon 1o
go through their entire cycle of combinations that
produce the tides. This concept is simple in prin-
ciple even though a bit difficult to implement.
Even the generalization that Mean Sea Level must
be the surface defined by a number of such points
is not difficult until faced with the theoretical
proposition of just what is meant by Mean Sea
Level when it is used as a reference to define the
“elevation™ of a point far inland and high above
the level of the ocean. (See fig. 15, this manual.)
The usual explanation for this is that Mean Sea
Level is the surface that would be generated if all
the continents were criss-crossed with a number aof
narrow canals extending from ocean to ocean, ad-
mitting ocean water wilthout causing any currents
and without diminishing the quantity of water in
the oceans.

Accepting this concept, the question immedi-
ately arises as to just what is the actual shape of
this Mean Sea Level surface, and this leads back to
the questions originally brought out. [saac Newton
in his Principia, first published in 1687, made
substantial contributions to the theory of the at-
traction of gravity and concluded that the figure
of the earth is that of an ellipsoid of revolution.

37



“ﬁ\

“
] Z20 S
m_ o 4
| P
<| /
7
| ]
A m W
W/ 2 -l :
5 z 5 °
H

“~~—_ ELEVATION ABOVE MEAN SEA LEVEL

~




W

EQUATOR

| b 6,356,583.8m.

_2:6,378,206.4m.

CLARKE 1866 ELLIPSOID
a-b=z21.476 km.

S

Figure 16.—Geodetic reference ellipsoid.

Figure 17.—The geoid.

39



This was based strictly on a mathematical deriva-
tion, with certain assumptions made about homo-
geneity. This was subsequently substantiated by
the measurements made by the French mathe-
maticians Picard, Clairaut, Bouguer, Maupertuis,
Cassini et al. (Todhunter 1873) considered to be the

- beginning of modern metrical gcedesy, in the

inLerval 1669-1735-1743.

The figure generated by rotating an ellipse about
its minor axis is generally adopted by geodesists
today as an acceptable approximation to the shape
of the sea-level surface but it must be understood
that this is actually only a mathematical model on
which the calculations of geodetic positions can be
carried out with sufficient accuracy for most work.
The adoption of this geometrical shape is actually
a compromise with expediency, because of the use
of other more complicated shapes would enor-
mously increase the complexity of ealculations,
The dimensions of the reference ellipsoid in actual
use vary throughout the world, with, as might be
expected, different figures being used in North
America, Europe, Russia, etc. (See fig. 16, this
manunal.) .

The actual shape of the Mean Sea Level surface,
however, is not readily amenable to description
by a simple mathematical expression. If the waves,
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tides, currents, etc., be “averaged out” and the ses
level surface considered to he the quiet, undis-
turbed, smooth surface of the sea, a liquid in
equilibrium, it will be immediately obvious that
this surface will be everywhere normal to the
direction of gravity. This is indeed the definition
of the Mean Sea Level surface even when it is ex.
tended underneath the surface of the continents.
Further consideration will reveal that this is an
equipotential surface. Whatever its shape, the
technical name assigned to the particular equi-
potential surface that is defined by mean sea level
(where available) is the geoid. If the earth were a
homogeneous body, or if density varied system-
atically with distance from the center of the earth,
the geoid would be a smooth surface of revolution,
closely approaching an ellipsoid. Since, as is well
known, the mass distribution within the earth is
not systematic, the surface of the geoid does ap-
proach an ellipsoid as the simplest “best fit”:
figure, but it is actually an undulating surface,
sometimes ahove and sometimes below the math-
ematical figure. (See fig. 17, this manual.) Sincethe
level bubble in a surveying instrument indicates
a perpendicular to the local direction of gravity,
the surface of reference in leveling is actually the
geoid and not the geodetic ellipsoid.



APPENDIX C.—SOILS

Elementary knowledge of soil classifications and
terms is necessary to understand the information
presented in this manual. Terms used by the lay:
man and expert alike carry many connotations and
can cause considerable confusion. Technical clas-
sifications can even . be confusing in that a variety
of classification systems have been devised, each
for a different use. A synopsis of seil classification
and explanation of some of the more common soils
terms are set forth below,

To the engineer the term soil generally refers to
an unconsolidated mixture of diserete particles
interspersed with gasses and liquids, which lies
above bedrock. No fine line can be drawn between
soil and bedrock without arbitrarily defining bed-
rock in terms of physical properties such as com-
pressive strength or degree of consolidation. There
are an infinite number of phases between the hard-
est rock and the loosest soil. For the purpose of this
manual, it will suffice to call bedrock any exten-
sive, hard, earthen material which cannot be
penctrated without a diamond or tungsten carbide
tipped drill bit. Seil includes the materials formed
by mechanical disintegration and chemical de-
composition of bedrock.

Soils are divided into two groups called organic
and inorganic. Organic soils are those which con-
tain an appreciable amount of decayed plant or
animal matter. They can be identified by their
dark color and distinctive odor resulting from the
decomposition of the organic matter. Large de-
posits of these soils form peat bogs, muskeg, and
swamps, bul they also overlie other soils in an
often thin layer of humus. The main disadvanlage
of organic soils from an engineering standpoint is

" their high compressibility. A load placed on this

type of soil is subject to excessive settling.

Inorganic soils are distinguished from one
another by a number of criteria, the most im-
portant being texture. Texture is mainly a reflec-
tion of grain size, but it is also influenced by par-
ticle shape. Soils may be grouped on this basis into
four classes—clay, silt, sand and gravel, The size
limits for these particles are as follows: *

* Some systems use 0.002 and 0.074 mm lo distinguish
between clay and silt, and silt and sand respectively.
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cday....... ... ... less than 0.005 mm
sl oo 0.005100.05 mm
sand .. ...l 0.05 to 2.0 mm
gravel. . ... ... ..., grealer than 2,0 mm’

Sands and gravels are often referred to as coarse-
grained or granular soils. They are cohesionless
and the individual particles can be distinguished
with the unaided eye. Accordingly, visual inspee-
lion of a soil sample to determine whether or not
it is coarse-grained is the first step in field identi-
fication. For the purpose of mark setting, it is not
necessary to distinguish between sand and gravel.
Both are very good soils in which to set monu-
ments.

Clays and silts are fine-grained materials. Their
individual particles cannot be differentiated with
the unaided eye. Normally, particles of this size
are flat and plate-like rather than rounded, and
due lo this the soils are usually cohesive. The
degree of this characteristic gives an indication of
grain size and can therefore be used to determine
whether a soil contains mostly clay or mostly silt,

By varying its water content, a clay can be made
into a consistency where it can be deformed rap-
idly without cracking or crumbling, exhibiting a
property called plasticity. A clay can be rolled into
long thin threads without breaki ng, and upon air
drying it will have considerable strength. Silts
can also be rolled into threads but when held by
its end, a silt thread which is more than about 10
centimeters long will break. Unlike elay, a small
amount of air-dried silt can easily be crushed with
the fingers. If enough water is added to a pat of
silt to make its consistency like that of a thick
paste, and this pat is shaken in the palm of the
hand, it will appear wet and shiny. If the pal is
then squeezed, the surface moisture will disappear
and the pat will eventually crack. Clay, on the
other hand, will remain unchanged when handled
insuch a manner.

A soil mass consisting mainly of a limited range
of particle sizes is said to be uniform. More often,
soils contain appreciable amounts of many dif-
ferent particle sizes, frequently including all
four of the major classes (i.e., clay, silt, sand, and



gravel). These are called mixed soils. They are
described by naming the two most predominant
constituents, the one of lesser abundance qualify-
ing the greater. For example, a silty sand might
contain 60 percent sand-sized particles and 30
percent silt-sized particles. The remainder would
be clay or gravel or both. ~

Another way Lo qualitatively describe a coarse-
grained soil is with the term clean. A cleansand or
gravel does not contain an appreciable amount of
fines (particles less than about 0.1 millimeter).
Locations with these types of soils provide éxcel-
lent sites for setting bench marks.

A description of soil is not complete until some
indication is given as to its natural condition.

Granular soils may be loose or dense. Fine-grained
soils are described by their consistency, which can
he soft, medium, firm, stiff, or hard. A simple test
can be employed to determine the consistency by
pressing the fist, thumb, or fingernail into the soil
and gauging the resulting penetration. In addition,
one ol the most significant conditions of a soil
mass is described by ils drainage characteristics.
Good drainage is indicated with a sloping topog-
raphy to facilitate the remaval of surface waler,
granular soil particles which allow water to per-
colate through, and a water tahle not too near the
surface. It is desirable to locate bench marks in
soils with good drainage.
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APPENDIX D.—EXISTING MONUMENTATION IN THE VERTICAL NETWORK

Since the beginnings of precise geodetic leveling
in the United States in 1877, and the subsequent
formation of the Coast and Geodetic Survey in
1878, a variety of different types of bench marks
have been established in our National Vertical
Control Network. For the most part, they were
appropriate for their times, but according to to-

day’s high standards, they have various short-

comings and are no longer 1o be set. Many of the

‘monuments, to be sure, were set in such a manner

as to have maintained their positions verv well. In
any event, they do comprise the major portion of
the network. '

The first bench marks were placed at intervals
of from 5 to 15 kilometers, They were established
on structural members of buildings, dams, aque-
ducts, bridges, locks, piers, culverts, arches, and
pedestals; on granite, marble, or cedar posts; and
in bedrock and boulders. Some of them had no
physical markings for the exact elevation reference
point, but were defined descriptively by phrases
such as “centre of the sill,” *top of a post,”” and
“northwest corner of the top surface.” Others were
marked with chiseled square or circular cavities,
centers of triangles, crosses, lines, bolts, and rec-
tangular metal plates.

Early in this century, precast concrete posts, 1 te
2 meters in length and, in a few instances, 1-meter
lengths of pipe began supplementing the stone
posts. Along with this develaopment, bronze tablets
came into use. The disks were a major improve-
ment aver the chiseled squares and other mark-
ings in that they provided a more definite high
point to support the leveling rod and were more
clearly visible to a person searching for 1the bench
mark.

Cast in place concrete monuments were intro-
duced in the latter half of the 1930’. The proce-
dure for selting them started with digging a hole
about 30 to 35 centimeters in diameter to a depth
of about 1 meter or below the frost line. The better
monuments were cast in tapered holes with a
smaller diameter at the top. The bottom of the hole
was then extended and enlarged to provide greater
resistance to heaving and settling. A form was set
in place for the top of the mark and sometimes for
the entire length of it to make its sides smooth,
thereby lessening the effect of frost heave. Casting
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posts in place eliminated the work required 1o
manhandle the heavy precast posts, which con-
sequently were phased out completely in the
1940s.

In 1954, the Coast and Geodetic Survey begun
experimenting with the copperclad steel rod mark.
Until this time, bench mark settings had heen
limited to two basic Lypes: structures and posts
(or pipes). Bench marks in structures have
generally held their elevations well. When founda-
tions are investigated to the extent directed in this
manual, they will be even more reliable. Concrete
or stone posts, however, are excessively vulnerable
to the forces of nature. Frost heave jacks them up,
expansive soils cause them to “float,” and their
own weight makes them settle. If they are located
in well-drained, coarse-grained seils, they make
very good bench marks, but anything resistant to
tmpacl and corrosion will sufiice in these areas.

Disks have had relatively few changes through

" the years. Most of them have been made of brass

or bronze. The tops have been about 8 to 1¢ centi-
meters in diameter and spherically shaped. Ir-
regularly shaped shanks have served as anchors to
secure the tablets in drill holes. The earlier tablets
were cast in one solid piece. Later the shank was
fabricated separately and silver soldered to a disk
which was cut and pressed from sheel stock. Leg-
ends have varied little. They indicated the organi-
zation which established the mark (i.e., Coast and
Geodetic Survey, National Ocean Survey, or Na-
tional Geodetic Survey}, the type of mark (i.e.,
bench mark, tidal bench mark, or vertical control
mark), whom to write for information (i.e., The
Director and organization, Washington, D.C.) and
a phrase warning against vandalism.

Changes occurred to the disks during the follow-
ing time periods: (1) From 1934 until 1956, the
adjusted elevation was stamped on the disk as a
matter of standard procedure. This was a very
poor practice because both movements of the
monument and readjustments of the network
caused many of the stamped elevations to be er-
roneous. {2) For a short time during and imme-
diately after World War I[I, cast iron was used
because brass and bronze were in short supply.
A considerable number of these disks corroded to
such an extent that the precise datum point was



worn down and the logo became illegible. Brass or
bronze disks make good bench marks when set in
substantial structures of concrete or masonry. An
improvement could be made, however, by provid-
ing the upper surface with a protuberance to de-
fine a more precise datum point. Flat disks should
never be used for bench marks.

In 1955, the Coast and Geodetic Survey began
installing rod type bench marks. They consisted of
5/8-inch copper-clad steel rods in 5-, 8-, and 10-
foot sections driven to refusal or some maximum
depth. The required rod depth was attained by
joining threaded ends of rod sections with brass
couplings. Some of these marks have been driven
to depths well in excess of 30 meters. A brass bench
mark disk with a tubular stem was either crimped
or soldered over the top of the rod.

The major problem encountered with this mark
was one of corrosion. Copper and steel are quite
incompatible in many environments. A galvanic
cell is set up where the copper coat is protected at
the expense of the corroding steel core. This situa-
tion is aggravated al the rod ends because the area
of exposed steel is small in relation to the area of
exposed copper. Rod marks have been known to
fail completely at the first joint below the surface,
the results of which are obvious.

Aaother problem with this type of bench mark
stems from the fact that even though it may he
driven deeply into the soil, the stable substratum
in some cases does not grip the rod as tightly as the
unstable soil near the surface. Consequently, it
will move with disturbances in the upper layers.

Reaching refusal at shallow depth makes this an
even more serious problem.

In the early 1970s, a modofication to the rod
mark was made by attaching a base plate to a 4-
foot section of rod. Use of the rod mark continued,
but at a less frequent interval. The purpose of the
modified rod with base plate, sometimes called the
“pre-fab,” was to replace the cast-in-place concrete
post which was subsequently phased out. The
advantages of the prefab over the concrete post
were that it was easier to install and, because it
was quite lightweight, it was not prone to setile-
ment. The disadvantages of vulnerability to frost
heave and expansive soils remained.

The problem of galvanic corrosion in the copper
clad rod mark and prefab mark was identified in
1976. Galvanized steel was temporarily substituted
for copper-clad steel unti! the entire bench mark
program could be studied in detail and revamped.
This manual is a result of that study.

Bench marks established in bedrock have been
recognized for many years as a most desirable
elevation reference and have been used through-

"out our leveling history. The only drawbacks in

using a bedrock reference (which are minor in
comparisen to the shortcomings of some of the
other marks) are (1) it is sometimes difficult to
distinguish between bedrock and large boulders,
and {(2) bedrock can sometimes exhibit volume
change with variation of moisture content, The
guidelines in this manual will reduce these
problems.



APPENDIX E.—EXAMPLES FOR DETERMINING BENCH MARK DEPTHS

The following examples illustrate how lo com-
pule class A and B rod mark depths for four dif-
ferent geographical areas. Part A of each example
gives four basic steps for determining the sleeve
depth of a class A rod mark. Determining the rod

" depth for this mark is usually straightforward, as

explained in steps 8 and ¢ (page 18) of the routine
for setting the mark. Part B of each example shows
how to determine the rod depth for a class B rod
mark. In addition to the four steps needed for
class A rod marks, one extra step is required.

Step 1

A depth is determined 1o prevent expansive soils
from changing the elevation of the mark.

Step 2

A depth is determined to prevent frost heave from
affecting the mark.

_ Step 3

A determination is made as to whether or not per-
mafrost is present.

Step 4

In regions without permafrost, the deeper depth
determined in steps 1 and 2 is taken as the depth
for the sleeve or minimum depth for the rod {class
A or B, as appropriate). In regions where perma-
frost occurs, the depth specified for permafrost

- regions is used.

Step 5

Rod depth is further determined by the resistance
of the ground at the time the rod is driven into
position. The penetration rate indicales whether
.or not the red must be driven 10 a greater depth
than that determined above. With the “Cobra™
used by NGS mark setters, the rate must not exceed

b. Using figure 12, determine the climate factor.
Battle Mountain is located on or very near the
line delineating 1.3 from l.4. Again, use the
worse case—1.4.

¢. From table 2, determine the sleeve depth re-
cuired to prevent changes in soil volume from
altering the elevation of the rod. In this in-
stance, it is 6 metersiX 1.4, or 8.4 meters.

- Step 2 : .

4 centimeters per second. (It must take at least 25 -

seconds to drive 1 meter of rod.)
Example 1
Location: Battle Mountain, Nevada
Part A. Sleeve depth for class A rod mark.
Step 1

a. Find Battle Mountain on a road atlas and esti-
mate its location in figure 11. At this particular
location it is difficult to determine whether Lhe
soil is nonexpansive or of low expansive char-
acter. Therefore, consider the worse condi-
tion—a soil of low expansive character.

a. Check figure 13 o determine the extreme depth
of frost penetration, For Battle Mtn, frost depth
is hetween 0.50 and 0.75 meter.

b. Return to table 2. Footnote d states, “Usc the
upper limit for each area delineated.” So use
0.75 meter. The sleeve depth required to coun-
teract the effect of frost heave is 3 X 0.75 meler,
or 2.25 meters.

Step 3

Permafrost is not a consideration here. The only

locations where permafrost occurs in the eonter-

minous United States are Mount Washington in

New Hampshire and the Front Range of the Colo-

rado Rocky Mountains,

Step 4

{n this illustration, eliminating the effect of ex-

pansive soils would require an 8.4-meter sleeve,

while eliminating frost heave would require anly

a 2.25-meter sleeve. The greater of the two, an

8.4-meter sleeve, must be set.

Part B. Rod depth for class B rod mark.

Part A must he studied to understand how the

expansive character of the soil, climate factor, and

extreme depth of frost penetration were deter-

mined. The particulars are not repeated here.

Step 1

a, Thesoil is of low expansive character.

b. Climate factor is 1.4. .

¢. From table 3, compute the minimum rod depth
for expansiveness of soil—5 meters X 1.4, or
7.0 meters.

Step 2

a. Extreme depth of frost penetration is between
0.50 and 0.75 meter. Use 0.75 meter, )

b. From table 3, the minimum rod depth required
to counteract Lhe effect of frost heaveis 1 X 0,75
meter, or 3.0 meters.
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Step 3

Asin part A, permafrost is not a4 consideration.
Step ¢ '

Expansive soil requires a 7.0-meter rod, and feost
heave requires a 3.0-meter rod. Minimum rod
depth is the greater of the two—7.0 meters.

Step 5

When a depth of 7.0 meters is reached, if the rod
can be driven faster than the allowable rate, con-
tinue driving the rod until the rate deercases to the
maximum rate allowed.

Example 2
Location: Thief River Falls, Minnesota

Part A. Sleeve depth for class A rod mark.

Stepl

a. From figure 7, the soil is of low expansive
character. ‘

b. From figure 12, the climate factor is 1.1.

¢. From table 2, the sleeve depth required to pre-
vent changes in soil volume from changing the
elevation of the rod is 6 meters X 1.1, or 6.6

meters.

Step 2

a. From figure 13, the extreme depth of frost
penetration is hetween 2.25 and 2.50 meters.

~ Use 2.50 meters.

b. From table 2, the sleeve depth required to coun-
teract the effect of frost heave is 3.X 2.50 meters,
or 7.5 meters.

Step 3

Permafrost is not a consideration here.

Step 4

In this case, elimination of the effect of expansive

soils requires a 6.6-meter sleeve, while elimination

of frosl heave requires a 7.5-mneter sleeve. The
greater of the two, a 7.5-meter sleeve, must be sel.

Part B. Rod depth for class B rod mark.

Step 1

a. The soil is of low expansive character.

b. The climate factor is 1.1,

e. From table 3, the minimum rod depth when
considering expansiveness of soils is 5 meters
X L.1, or 5.5 meters. '

Step 2

a. The extreme depth of frost penetration is be-
tween 2.25 and 2.50 melers. Use 2.50 meters.

b. From table 2, the minimum rod depth required
to counteract frost heave is 4 X 2,50 meters, or

-10.0 meters.

Step 3

Permafrost is not a consideration here.
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Step 4

Expansive soils require a 5.5-meter rod, and frost
heave requires a 10.0-meter rod. The minimum rod
depth is the greater of the two—10.0 meters.

Step 5

When a depth of 10.0 meters is reached, if the rod
can be driven faster than the allowable rate,
continue driving until the rate decreases to Lhe
maximum rate allowed.

Example 3
Location: Alpine, Texas

Part A. Sleeve depth for cluss A rod mark.
Step 1

- a. From figure 10, the soil is nonexpansive. -

b. From table 2, no sleeve is required to prevent
changes in sail volume from changing the eleva-
tion of the rod.

Step 2

a. From figure 13, the extreme depth of frost pene-
tration is less than 0.5 meter.

b. From table 2, no sleeve is required to prevent
frost heave from changing the elevation of the
rod.

Step 3

Permafrost is not a consideration here,

Step 3

No sleeve is required to eliminate the effects of

either expansive soil or frost heave. This is an

example of a class A rod mark with no sleeve. Ac.

cording Lo note b in table 2, the rod is driven to 4

meters or until its driving rate decreases to the

maximum rate allowed, whichever is the greater

depth.
Part B. Rod depth for class B rod mark.

Rod depths for class B rod marks in areas of non-
expunsive soils, ¢xtreme depth of frost penetra-
tion less than 0.5 meter, and no permafrost (all
three conditions satisfied) are the same as rod
depths for class A rod marks. The only difference
between the marks in these areas is that the class
A mark has no disk, but an aluminum logo cap is
built into the surface casement. The class B mark
is topped with a disk and has a PVC plug in the
surface casement. Since the type of surface case-
ment can be used to distinguish visnally between
class A rod marks (which are more reliable) and
class B rod marks (less reliable), all rod marks in
these areas set to specifications should be provided
with an aluminum logo cap, but no disk. Where no
sleeve is required for the class A rod mark, class
B rod marks are not easier to set and, therefore,
should not be used.



Example 4
Location: Sourdough, Alaska
(Between Paxton and Gulkana)

Part A. Sleeve depth for class A rod mark.

Step i 7

The presence of permafrost overrides this step.
Step 2

The presence of permafrost overrides Lhis step.
Step 3

Consult Map I-445, Permafrost Map of Alaska (Fer-
rains 1965). The area around Sourdough is gen-
erally underlain by thick to thin permafrost. Local
knowledge of conditions, available from utilities
companies and local citizens, should also be con-
sidered.

Step 4

From table 2, thesleeve depth is 10 meters.

Part B, Rod depth for class B rod mark.

Sleps tand 2 ]
The presence of permafrost overrides these steps.

Step 3

From Map [.445, the area is generally underlain

by permafrost.

Step 4

a. From local knowledge, the ground has never
been known to thaw below 1.2 meters.

b. From table 3, the minimum rod depth is 2.5
X 1.2 meters, or 3.0 meters.

Step 5

If the driving rate is not exceedingly slow, the

site i3 nol underlain by permafrost and a new rod

depth will have to be determined accordingly.

Note: In areas of Alaska that are not underlain by

permafrost, information on expansiveness of soils

(such as that found in figures 7 through 11 of this

manual) must be obtained locally if possible.

When noinformation is available,step 1 is omitted.

Extreme depth of frost penetration, used in step 2,

must also be obtained locally.
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DATASHEETS Page 1 of 2

The NGS Data Sheet

See file _dsdata.txt for more information about the datasheet.

DATABASE = Sybase ,PROGRAM = datasheet, VERSION = 6.56

1 National Geodetic Survey, Retrieval Date = DECEMBER 6, 2001

CY0355 hhkkdkhkhdkhkhkhkhkhhkhhhbhhhdhhhhhkbbhhkdbhbhbdhkhhdhdhrhrdrhhbhhkhkhhkhkdrhrhbrhhrbhbdrhdddhdkh bt

CY0355 DESIGNATION - P 324

€Y0355 PID - CY0355

CY0355 STATE/COUNTY- AZ/COCHISE

CY0355 USGS QUAD - BOWIE (1974)

CY0355

CY0355 *CURRENT SURVEY CONTROL

CY0355

CY0355* NAD 83(1986)- 32 20 03. (N) 109 29 41. (W) SCALED
CY0355* NAVD 88 - 1149.341 (meters) 3770.80 {feet) ADJUSTED
CY0355 :

‘CY0355 GEOID HEIGHT- . -26.80 (meters) GEOIDS9S
CY0355 DYNAMIC HT - 1147.649 {(meters) 3765.25 (feet) COMP
CY0355 MODELED GRAV- 979,127.4  (mgal) NAVD 88
CY0355 .

CY0355 VERT ORDER - FIRST CLASS II

CY0355

CY0355.The horizontal coordinates were scaled from a topographic map and have
CY0355.an estimated accuracy of +/- 6 seconds.

CY0355

CY0355.The orthometric height was determined by differential leveling
CY0355.and adjusted by the National Geodetic Survey in June 1991.

CY0355 ,

CY0355.The geoid height was determined by GEOIDS9.

CY0355

CY0355.The dynamic height is computed by dividing the NAVD 88
CY0355.geopotential number by the normal gravity value computed on the
CY0355.Geodetic Reference System of 1980 (GRS 80) ellipsoid at 45
CY0355.degrees latitude (g = 980.6199 gals.).

CY0355

CY0355.The modeled gravity was interpolated from observed gravity values.
CY0355

CY0355; North East Units Estimated Accuracy
CY0355;8PC AZ E - 148,120. 276,620. MT (+/- 180 meters Scaled)
CY0355

CY0355 SUPERSEDED. SURVEY CONTROL

CY0355

CY0355 NGVD 29 - . 1150.375 (m) 3774.19 (f) ADJ UNCH 1 2
CY0355 :

CY0355.Superseded values are not recommended for survey control.

CY0355.NGS nc longer adjusts projects to the NAD 27 or NGVD 29 datums.
CY0355.8ee file dsdata.txt to determine how the superseded data were derived.
CY0355

CY0355_MARKER: DB = BENCH MARK DISK

CY0355_SETTING: 36 = FOUNDATION

CY0355 STAMPING: P 324 1952

CY0355_STABILITY: B = PROBABLY HOLD POSITION/ELEVATION WELL

CY0355
CY0355 HISTORY - Date Condition Report By
CY0355 HISTORY - 1952 MONUMENTED CGS
CY0355 HISTORY - 1953 GOOD NGS
CY0355 HISTORY - 1979 GOOD NGS
CY0355
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CY0355 STATION DESCRIPTION

CY0355

CY0355'DESCRIBED BY COAST AND GEODETIC SURVEY 1952

CY0355'0.6 MI NW FROM BOWIE.

CY0355'0.6 MILE NORTHWEST ALONG THE SOUTHERN PACIFIC COMPANY RAILROAD FROM
CY0355'THE STATION AT BOWIE, IN THE TOP OF THE NORTHEAST FOUNDATION OF A
CYO355'WATER TANK LEG, 47.1 FEET WEST OF THE WEST RAIL OF THE MAIN TRACK, 40
CY0355'1/2 FEET NORTHWEST OF THE NORTHEAST FENCE CORNER AROUND THE SECTION
CY0355'HOUSE, 1.2 FEET EAST OF THE WEST EDGE, 0.3 FOOT SOUTH OF THE NORTH
CY0355'EDGE, AND ABOUT LEVEL WITH THE TRACK.

CY0355

CY0355 ; STATION RECOVERY (1953)

CY0355 \

CY0355'RECOVERY NOTE BY NATICNAL GEODETIC SURVEY 1953

CYO0355'RECOVERED IN GOOD CONDITION.

CY0355 . .

CY0355 : STATION RECOVERY (1979)

CY0355°

CY0355'RECOVERY NOTE BY NATIONAL GEODETIC SURVEY 1979

CY0355'1.0 KILOMETER (0.6 MILE) NORTHWEST ALONG THE SOUTHERN PACIFIC RAILROAD
CY0355'FROM THE STATION AT BOWIE, 0.3 KILOMETER (0.2 MILE) NORTH OF A DIRT
CY0355'ROAD CROSSING, IN TOP OF THE NORTH SIDE OF A 0.6 BY 0.7-METER
CY0355'CONCRETE POST (FORMER WATER TANK LEG FOUNDATION) PROJECTING 14
CY0355'CENTIMETERS, 65.2 METERS (215.0 FEET) NORTH OF A SWITCH. STAND
CY0355'FOR THE NORTH LEG OF A RAILROAD RAIL TRIANGLE,

CY0355'14.3 METERS (37 FEET) WEST OF THE WEST RAIL.

CY0355'THE MARK IS 0.4 METERS S FROM A WITNESS POST.

CYO355'THE MARK IS ABOVE LEVEL WITH THE RAILS.

*** retrieval complete.
Elapsed Time = 00:00:01
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CY0530 khkkhkhkhkdkhkhkhkhrhhhkhbdhbhkdhkhkdbddrhrrhhrhkhbhrrrrrhrhrhhhkhhkrhrkhkdhkbhkrbhkhhhkhbhkhrhhbkhkdhrrbhkhrhdx

CY0530 DESIGNATION - Q 358

CY0530 PID - CYO0530

CY0530 STATE/COUNTY- AZ/COCHISE

CY0530 USGS QUAD - LUZENA (1979)

CY0530

CY0530 *CURRENT SURVEY CONTROL

CY0530

CY0530* NAD 83(1%986)- 32 20 04. (N) 109 31 40. (W) " SCALED
CY0530* NAVD 88 - ; 1173.581 (meters) 3850.32 (feet) ADJUSTED
CY0530

CY0530 'GEOID HEIGHT- -26.77 {meters) GEOID99
CY0530 DYNAMIC HT - 1171.855 {meters) 3844.66 (feet) COMP
CY0530 MODELED GRAV- 979,128.3 (mgal) NAVD 88
CY0530

CY0530 VERT ORDER - FIRST CLASS II

CY0530

CY0530.The horizontal coordinates were scaled from a topographic map and have
CY0530.an estimated accuracy of +/- 6 seconds.

CY0530

CY0530.The orthometric height was determined by differential leveling
CY0530.and adjusted by the National Geodetic Survey in June 1991.

CY0530

CY0530.The geoid height was determined by GEOID9S.

CY0530

CY0530.The dynamic height is computed by dividing the NAVD 88
CY0530.geopotential number by the normal gravity value computed on the
CY0530.Geodetic Reference System of 1980 (GRS 80) ellipsoid at 45
CY0530.degrees latitude (g = 980.6199 gals.).

CY0530

CY0530.The modeled gravity was interpolated from observed gravity values.
CY0530

CY0530; North East Units Estimated Accuracy
CY0530;SPC AZ E - 148,130. 273,510. MT (+/- 180 meters Scaled)
CY0530 ‘ :

CY0530 SUPERSEDED SURVEY CONTROL

CY0530 C ,

CY0530 NGVD 29 - 1172.896 (m) 3848.08 (f) ADJ UNCH 12
CYO0530

CY0530.Superseded values are not recommended for survey control.

CY0530.NGS no longer adjusts projects to the NAD 27 or NGVD 29 datums.
CY0530.5ee file dsdata.txt to determine how the superseded data were derived.
CY0530

CY0530 MARKER: DB BENCH MARK DISK

CYO0530_SETTING: 7 SET IN TOP OF CONCRETE MONUMENT

CY0530_STAMPING: Q 358 1960

CY0530_PROJECTION: PROJECTING 14 CENTIMETERS

CY0530_STABILITY: C = MAY HOLD, BUT OF TYPE COMMONLY SUBJECT TO
CY0530+STABILITY: SURFACE MOTION

CY0530

CY0530 HISTORY - Date Condition Report By
CY0530 HISTORY - 1960 MONUMENTED CGS
CY0530 HISTORY - 1979 GOOD NGS
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CY0530
CY0530 STATION DESCRIPTION
CY0530
CY0530'DESCRIBED BY COAST AND GEODETIC SURVEY 1960
CY0530'2.4 MI W FROM BOWIE.
CY0530'2.4 MILES WEST OF INTERSECTION LIGHT AT BOWIE, ARIZONA, ON STATE
CYO530'HIGHWAY 86, 0.2 MILE WEST OF MILEPOST 350, 97 FEET NORTH OF CENTERLINE
CY0530'OF HIGHWAY, 2 FEET SOUTHEAST OF WITNESS POST, SET IN THE TOP OF A
CY0530'"10-INCH SQUARE;CONCRETE POST PROJECTING 4 INCHES.
CY0530
CY0530 STATION RECOVERY (1879)
CY0530 . :
CY0530'RECOVERY NOTE BY NATIONAL GEODETIC SURVEY 1979
CY0530'4.7 KILOMETERS (2.9 MILES) WEST ALONG INTERSTATE HIGHWAY 10 FROM THE
CY0530'RICHARDS AVENUE UNDERPASS AT BOWIE, 0.2 KILOMETER (0.1 MILE) WEST OF
CYO530'MILE POST 362, 31.1 METERS (102 FEET) NORTH OF THE CENTERLINE OF THE
CY0530'WESTBOUND TRAFFIC LANES, 42.0 METERS (138 FEET) NORTHWEST OF THE

- CYO530'WEST END OF THE NORTH HEADWALL OF A 3-CHANNEL BOX CULVERT, 27.0
CY(0530'METERS (88 FEET) WEST OF A FENCE CORNER POST AND 0.5 METER (1.8 FEET)
CY0530'SOUTH OF THE NORTH RIGHT-OF-WAY FENCE.
CY0530'THE MARK IS 0.7 METERS SE FROM A WITNESS POST.
CY0530'THE MARK IS 1.5 M BELOW ‘THE HIGHWAY.

*** retrieval complete.
Elapsed Time = 00:00:03
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The NGS Data Sheet

See file dsdata.txt for more information about the datasheet.
DATABASE = Sybase ,PROGRAM = datasheet, VERSION = 6.56
1 " National Geodetic Survey, Retrieval Date = DECEMBER 6, 2001

CYO328 ***********************************************************************

CY0328 DESIGNATION - BART RM 1

CY0328 PID - CY0328

CY0328 STATE/COUNTY- AZ/COCHISE

CY0328 USGS QUAD - BOWIE (1974)

CY0328

.CY0328 *CURRENT SURVEY CONTROL

CY0328

CY0328* NAD 83(1%86)- 32 19 00. (N) 109 29 03. (W) SCALED

CY(0328* NAVD 88 - 1151.10 (+/-2cm) 3776.6 (feet) VERTCON
CcY0328

CY0328 GEOID HEIGHT- -26.77 (meters) ~ GEQID99
CcY0328

CY0328 VERT ORDER - SECOND CLASS 0 (See Below)

CY0328

CY0328.The horizontal coordinates were scaled from a topographic map and have

CY0328.an estimated accuracy of +/- 6 seconds.
CcY0328

CY0328.The NAVD 88 height was computed by applying the VERTCON shift value to

CY0328.the NGVD 29 height (displayed under SUPERSEDED SURVEY CONTROL.)
CY0328.The vertical order pertains to the superseded datum.

CY0328

CY0328.The geoid height was determined by GEOID9S.

CY0328 -

CY0328; North East Units Estimated Accuracy

CY0328;SPC AZ E - 146,180. 277,620. MT (+/- 180 meters Scaled)

CY0328 ,

CyY0328 - SUPERSEDED SURVEY CONTROL

CY0328

CY0328 NGVD 29 - 1150.398 (m) 3774.26 (£) ADJ UNCH 0

CY0328

CY0328.Superseded values are not recommended for survey control.

CY0328.NGS no longer adjusts projects to the NAD 27 or NGVD 29 datums.

CY0328.See file dsdata.txt to determine how the superseded data were derived.

CY0328

CY0328_MARKER: DB = BENCH MARK DISK

CY0328 SETTING: 7 = SET IN TOP OF CONCRETE MONUMENT

CY0328 STAMPING: BART NO 1 1960

CY0328 STABILITY: C = MAY HOLD, BUT OF TYPE COMMONLY SUBJECT TO

CY0328+STABILITY: SURFACE MOTION

CY0328

CY0328 HISTORY - Date Condition Report By

CY0328 HISTORY - 1960 MONUMENTED CGS

CY0328 HISTORY - 1970 GOOD NGS

CY0328

cyY0328 STATION DESCRIPTION

cY0328

CY0328'DESCRIBED BY NATIONAL GEODETIC SURVEY 1970

CY0328'0.5 MI S FROM BOWIE.

CY0328'0.3 MILE EAST FROM THE POST OFFICE IN BOWIE ALONG INTERSTATE HIGHWAY

CY0328'BUSINESS ROUTE TO A PAVED SIDE ROAD THENCE SOUTH 0.6 MILE TO

CY0328'OVERPASSES THENCE SOUTH 0.05 MILE, 63 FEET SOUTH OF A METAL WITNESS

CY0328'POST WITH SIGN, 36 FEET EAST OF THE CENTER OF THE PAVED ROAD, 1 FOOT
http://www.ngs.noaa.gov/cgi-bin/ds_pid.prl/1 12/6/01
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CY0328'WEST OF A FENCE, SET IN THE TOP OF A 12-INCH SQUARE CONCRETE MONUMENT
CY0328'SET FLUSH WITH THE SURFACE OF THE GROUND. SEC 10, T 13 S5, R 28 E.

**x* retrieval complete.
Elapsed Time = 00:00:01
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-The NGS Data Sheet

See file dsdata.txt for more information about the datasheet.

DATABASE = Sybase ,PROGRAM = datasheet, VERSION = 6.56

1 National Geodetic Survey, Retrieval Date = DECEMBER 6, 2001

CY0283 *********************.**************************************************

'CY0283 DESIGNATION - Y 330

Cy0283 PID - CY0283

CY0283 STATE/COUNTY- AZ/COCHISE

CY0283 USGS QUAD - BOWIE (1974)

cY0283

CcY0283 . *CURRENT SURVEY CONTROL

CcY0283

CyY0283* NAD 83(1986)- 32 19 14. (N) 109 27 12. (W) SCALED
CY0283* NAVD 88 - 1129.781 (meters) 3706.62 (feet) ADJUSTED
cY0283

CY0283 GEOID HEIGHT- -26.79 (meters) GEOID99
CY0283 DYNAMIC HT - 1128.115 (meters) 3701.16 (feet) COMP
CY0283 MODELED GRAV- 979,126.0 (mgal) NAVD 88
~CY0283

CY0283 VERT ORDER - FIRST CLASS II

cY0283

CY0283.The horizontal coordinates were scaled from a topographic map and have
CY0283.an estimated accuracy of +/- 6 seconds.

CY0283

CY0283.The orthometric height was determined by differential leveling
CY0283.and adjusted by the National Geodetic Survey in June 1991.

CY0283

CY0283.The geoid height was determined by GEOID99.

CY0283 ‘

CY0283.The dynamic height is computed by dividing the NAVD 88
CY0283.geopotential number by the normal gravity value computed on the
CY0283.Geodetic Reference System of 1980 (GRS 80) ellipsoid at 45
CY0283.degrees latitude (g = 980.6199 gals.).

CY0283

CY0283.The modeled gravity was interpolated from observed gravity values.
CY0283 .

CyY0283; North East Units Estimated Accuracy
CY0283;SPC AZ E - 146, 630. 280,520. MT (+/- 180 meters Scaled)
CY0283

CcY0283 SUPERSEDED SURVEY CONTROL

cY0283 ;

CY0283 NGVD 29 - 1130.143 (m) 3707.81 (£f) ADJ UNCH 12
cy0283

CY0283.Superseded values are not recommended for survey control.

CY0283.NGS no longer adjusts projects to the NAD 27 or NGVD 29 datums.
CY0283.See file dsdata.txt to determine how the superseded data were derived.
CY0283

CY0283_MARKER: DB = BENCH MARK DISK

CY0283_SETTING: 7 = SET IN TOP OF CONCRETE MONUMENT

CY0283 STAMPING: Y 330 1953

CY0283_ PROJECTION: PROJECTING 25 CENTIMETERS

CY0283 STABILITY: C = MAY HOLD, BUT OF TYPE COMMONLY SUBJECT TO
CY0283+STABILITY: SURFACE MOTION

cYo0283

CY0283 HISTORY - Date Condition Report By
CY0283 HISTORY - 1953 MONUMENTED CGS
CY0283 HISTORY - 1960 GOOD NGS
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DATASHEETS | Page 2 of 2

CY0283 HISTORY - 1979 GOOD NGS
Cy0283
CY0283 STATION DESCRIPTION
Cy0283

CY0283'DESCRIBED BY COAST AND GEODETIC SURVEY 1853

CyY0283'2.0 MI E FROM BOWIE. ,
C¥0283'2.0 MILES EAST ALONG THE SOUTHERN PACIFIC RAILROAD FROM THE STATION AT
CY0283'BOWIE, 100 FEET SOUTH OF THE SOUTH RAIL, 939 FEET NORTH OF THE CENTER
CY0283'LINE OF STATE HIGHWAY 86, 6 FEET SOUTH OF A VERTICAL RAIL. 3 FEET
CY0283'EAST OF A WITNESS POST. 3 FEET BELOW THE TOP OF THE RAILS, SET IN THE
CY0283'TOP OF A CONCRETE POST WHICH PROJECTS 0.9 FOOT ABOVE THE GROUND.
CY0283

Cy0283 STATION RECOVERY (1960)

CY0283

CY0283'RECOVERY NOTE BY NATIONAL GEODETIC SURVEY 1960

CY0283'RECOVERED IN GOOD CONDITION.

CY0283

CY0283 STATION RECOVERY (1979)

CY0283 :

CY0283"RECOVERY NOTE BY NATIONAL GEODETIC SURVEY 1979

CY0283'3,2 KILOMETERS (2.0 MILES) EAST ALONG THE SOUTHERN PACIFIC RAILROAD
CY0283'FROM THE STATION AT BOWIE, 0.2 KILOMETER (0.1 MILE) WEST OF THE
CY0283'JUNCTION OF BUSINESS LOOP INTERSTATE 10 AND A FRONTAGE ROAD LEADING
CY0283'EAST, 31.8 METERS (104 FEET) SOUTH OF THE SOUTH RAIL, 28.4 METERS
CY0283"' (93 FEET) NORTH OF THE CENTERLINE OF THE INTERSTATE 10 BUSINESS LOQP
CY0283'HIGHWAY AND 40.2 METERS (132 FEET) SOUTHEAST OF THE SECOND UTILITY
CY0283'POLE EAST OF RAILROAD BRIDGE 1100.31.

CY0283'THE MARK IS 0.5 METERS W FROM A WITNESS POST.

CY0283'THE MARK IS 1.5 M BELOW THE RAILS.

*** retrieval complete.
Elapsed Time = 00:00:01
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The NGS Data Sheet

See file dsdata.txt for more information about the datasheet.
DATABASE = Sybase ,PROGRAM = datasheet, VERSION = 6.56

1 National Geodetic Survey, Retrieval Date = DECEMBER 6, 2001
CY117O R R R R R R R R R R R R R R R R SRR R RS AR R E SRR R R R EE R R R R R TR T I I R R R I
CY1170 DESIGNATION - FISHER
CY1170 PID © - CY1170
€CY1170 STATE/COUNTY- AZ/COCHISE

. CY1170 USGS QUAD ° - FISHER HILLS (1979)

CcY1170

CcY1170 . *CURRENT SURVEY CONTROL

cY1170

CY1170* NAD 83(19%2)- 32 22 53.71930(N) 109 33 53.35902 (W) ADJUSTED
CY1170* NAVD 88 - 1312.2 (meters) 4305. (feet) VERTCON
CY1170

CY1170 LAPLACE CORR- -1.73 (seconds) DEFLEC99
CY1170 GEOID HEIGHT- -26.81 (meters) GEOID99
CY1170 '
CY1170 HORZ ORDER - FIRST

CY1170

CY1170.The horizontal coordinates were established by classical geodetic methods
CY1170.and adjusted by the National Geodetic Survey in August 1993.

CY1170

CY1170.The NAVD 88 height was computed by applying the VERTCON shift value to
CY1170.the NGVD 29 height (displayed under SUPERSEDED SURVEY CONTROL.)

CY1170

CY1170.The Laplace correction was computed from DEFLECSYS derived deflections.
CY1170 ,

CY1170.The geoid height was determined by GEOIDS9.

CcY1170

CY1170; North East Units Scale Converg.
CY1170;SPC AZ E - 153,336.508 269,988.191 MT 0.99993953 +0 19 20.4
CY1170;UTM 12 - 3,583,638.832 635,001.871 MT 0.99982475 +0 46 07.4
Cy117¢0

CY1170: Primary Azimuth Mark ' Grid Az
CY1170:8PC AZ E - FISHER AZ MK 229 56 41.4
CY1170:UTM 12 - FISHER AZ MK 229 29 54.4
CY1170 )
CY11l 70| = mmmmm e e e e e e e e |
CY1170| PID Reference Object Distance Geod. Az |
CY1170] , dddmmss.s |
CY1170] CY1164 BOWIE LOADING CHUTE APPROX. 9.8 KM 1273114.8 |
CY1170| CY1163 BOWIE WATER TANK APPROX. 9.6 KM 1274407.1 |
CY1170] CY1169 GILMAN CAIRN 18.593 METERS 13028 |
CY1170} FISHER RM 1 6.217 METERS 14801
CY1170] FISHER AZ MK 2301601.8 |
CY1170} FISHER RM 2 9.244 METERS 26255 |
CYll70| ===~ e
CY1170

CY1170 SUPERSEDED SURVEY CONTROL

CY1170

CY1170 NAD 83(1986)- 32 22 53.71449(N) 109 33 53.35624 (W) AD({ ) 1
CY1170 NAD 27 - 32 22 53.45600(N) 109 33 51.11100(W) AD({ ) 1
CY1170 NGVD 29 - 1311.4 (m) 4302. (£) VERT ANG
CY1l170

CY1170.Superseded values are not recommended for survey control.
CY1170.NGS no longer adjusts projects to the NAD 27 or NGVD 29 datums.
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CY1170.See file dsdata.txt to determine how the superseded data were derived.
CY1170 :

CY1170_MARKER: DS = TRIANGULATION STATION DISK ’
CY1170_SETTING: 66 = SET IN ROCK OUTCROP )

CY1170_STABILITY: A = MOST RELIABLE AND EXPECTED TO HOLD

CY1170+STABILITY: POSITION/ELEVATION WELL

CY1170 \
CY1170 HISTORY - Date Condition ‘Report By
CY1170 HISTORY - 1945 MONUMENTED CGS
CY1170 HISTORY - 1956 GOOD USE
CY1170 HISTORY - 1860 . GOOD CGS
CY11l70 HISTORY - 1983 GOOD AZDT
CY1170 '

CY1170 STATION DESCRIPTION
CY1170

CY1170'DESCRIBED BY COAST AND GEODETIC SURVEY 1945 (RAM)
CY1170'STATION IS ON THE HIGHEST PART OF THE LOWEST AND MOST SE
CY1170'HILL IN THE GROUP OF HILLS SHOWN ON THE U.S. GEOLOGICAL
CY1170'SURVEY CHARTS AS FISHER HILLS. AND IS LOCATED BY APPROXIMATE
CY1170'AIR LINE DISTANCES, 6 MILES NW OF BOWIE, 4 MILES ENE OF THE
CY1170'JUNCTION OF U.S. HIGHWAY 666 AND STATE HIGHWAY 86, 3 MILES
CY1170's OF THE COCHISE-GRAHAM COUNTY LINE, AND 1/4 MILE NNW OF
CY1170'THE UX RANCH.

CY1170"

CY1170'TO REACH THE STATION FROM THE POST OFFICE IN BOWIE, GO N
CY1170'0.1 MILE ACROSS THE RAILROAD TRACKS, TAKE THE FIRST LEFT
CY1170'TURN AND FOLLOW THE MAIN GRADED ROAD W 0.4 MILE TO A FORK.
CY1170'TAKE THE LEFT FORK FOR 0.15 MILE, THENCE LEFT FORK AGAIN
CY1170'AND CONTINUE ALONG THE N SIDE OF THE SOUTHERN PACIFIC CO.
CY1170"RAILROAD TRACKS ON THE MAIN GRAVEL ROAD FOR 4.4 MILES TO
CY1170'A ROAD RIGHT JUST BEFORE REACHING A GATE IN A FENCE LINE.
CY1170' (NOTE--TO REACH THE AZIMUTH MARK FROM HERE, GO THROUGH THE
CY1170'GATE AND CONTINUE W FOR 1.6 MILES TO WHERE A BRIDGE HAS BEEN
CY1170'WASHED OUT. THE AZIMUTH MARK IS SET IN THE NW CONCRETE
CY1170'ABUTMENT.) TURN RIGHT AND FOLLOW THE MAIN ROAD ALONG THE
CY1170'E SIDE OF THE FENCE LINE 1.8 MILES TO A TRACK ROAD FORKING
CY1170'BACK TO THE RIGHT JUST AFTER CROSSING A LARGE WASH, AND
CY1170'1/4 MILE BEFORE REACHING THE UX RANCH. TURN BACK TO THE
CY1170'RIGHT ON THE TRACK ROAD FOR 0.2 MILE, THENCE LEFT FORK
CY1170'FOR 0.35 MILE. HERE TURN LEFT ACROSS COUNTRY FOR 1/4
CY1170'MILE TO THE END OF TRUCK TRAVEL AT THE BASE OF THE
CY1170'HILL. PACK SSW FOR ABOUT 1/4 HOUR TO THE TOP AND THE
CY1170'STATION.

CY1170"

CY1170'STATION MARK IS A BRONZE STATION DISK SET IN A DRILL HOLE
CY1170'IN OUTCROPPING BEDROCK WHICH PROJECTS ABOUT 3 INCHES ABOVE
CYL1170'THE GROUND AND IS STAMPED FISHER 1945. IT IS 61 FEET NW
CY1170'OF STATION GILMAN (U.S.G.S. 1940) (NOT OCCUPIED. A ROCK
CY1170'CAIRN ABOUT 5 FEET IN DIAMETER AND 4 FEET HIGH IS THE ONLY
CY1170'STATION MARK.) AND 34-1/2 FEET NE OF AN OLD FENCE LINE.
CY1170"

CY1170'REFERENCE MARK 1 IS A BRONZE REFERENCE DISK SET IN A DRILL
CY1170'HOLE IN OUTCROPPING BEDROCK WHICH PROJECTS ABOUT 1 FOOT ABOVE
CY1170'THE GROUND AND IS STAMPED FISHER NO 1 1945. IT IS SSE OF THE
CY1170'STATION AND ABOUT 6 INCHES LOWER.

CY1170"

CY1170'REFERENCE MARK 2 IS A BRONZE REFERENCE DISK SET IN A DRILL
CY1170'HOLE IN OUTCROPPING BEDROCK WHICH PROJECTS ABOUT 6 INCHES
CY1170'ABOVE THE GROUND AND IS STAMPED FISHER NO 2 1945. 1IT IS W
CY1170'OF THE STATION AND ABOUT 1-1/2 FEET LOWER.

CY1170"

CY1170'AZIMUTH MARK IS A BRONZE AZIMUTH DISK SET IN A DRILL HOLE
CY1170'IN THE NE END OF THE NW CONCRETE ABUTMENT OF A WASHED OUT
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CY1170'BRIDGE. IT IS SW OF THE STATION, 20.8 FEET S OF THE NEAREST
CY1170'WOOD TELEPHONE POLE, 8.0 FEET SE OF A 4- BY 4-INCH WHITE
CY1170'WITNESS POST, AND IS STAMPED FISHER 1945. :
CY1170

CY1170 ~ STATION RECOVERY (1956)

CY1170

CY1170'RECOVERY NOTE BY US ENGINEERS 1856

CY1170'STATION RECOVERED AS DESCRIBED.

Cy1170"

CY1170'AZIMUTH MARK NOT SEARCHED FOR.

CY1170

CY1170 STATION RECOVERY (1960)
CY1170

CY1170'RECOVERY NOTE BY COAST AND GEODETIC SURVEY 1960 (NES)

CY1170'THE STATION WAS RECOVERED AS DESCRIBED. ALL MARKS WERE FOUND
CY1170'IN VERY GOOD CONDITION. THE HORIZONTAL ANGLE TO THE AZIMUTH
CY1170'MARK WAS NOT MEASURED.

CY1170

Cy1170 - STATION RECOVERY (1983)

Cy1170 -
CY1170'RECOVERY NOTE BY ARIZONA DEPARTMENT OF TRANSPORTATION 1983 (GH)
CY1170'THE STATION MARK, REFERENCE MARKS AND AZIMUTH MARK WERE RECOVERED AS
CY1170'DESCRIBED IN 1945.

Cy1170"

CY1170'TO REACH THE 'STATION FROM THE POST OFFICE IN SAFFORD TRAVEL EAST ALONG
CY1170'U.S. HIGHWAY 70 FOR 0.3 MILE TO THE JUNCTION WITH U.S. HIGHWAY 666.
CY1170'TURN RIGHT AND TRAVEL SOUTH ALONG U.S. 666 FOR 16.8 MILES TO THE
CY1170'JUNCTION WITH STATE ROUTE 266, CONTINUE SOUTH ALONG U.S. 666 FOR 14.4
CY11l70'MILES TO A PAVED ROAD LEFT. TURN LEFT AND TRAVEL SOUTHEAST FOR 3.2
CY1170'MILES TO A GRADED ROAD LEFT NEAR A CATTLE GUARD. TURN LEFT AND TRAVEL
CY1170'EAST FOR 2.15 MILES TO THE AZIMUTH MARK ON THE RIGHT, CONTINUE EAST
CY1170'FOR 3.65 MILES TO A CATTLE GUARD. CROSS THE CATTLE GUARD FOR 75 FEET
CY1170'TO A TRACK ROAD LEFT. TURN LEFT AND TRAVEL NORTH ALONG THE EAST SIDE
CY1170'OF A FENCELINE FOR 1.5 MILES TO A FENCE CORNER. TURN LEFT AND TRAVEL
CY1170'NORTH ALONG A FENCELINE FOR 1.6 MILES TO A FENCE CORNER. TURN RIGHT
CY1170'AND TRAVEL NORTH FOR 0.85 MILE TO A FORK. TAKE THE LEFT FORK WEST AND
CY1170'NORTH TO A FENCE CORNER ON A DAM. TURN LEFT CROSSING ON TOP OF DAM
CY1170'FOR 0.3 MILE TO A ROAD LEADING RIGHT IN SPILLWAY. TRAVEL NORTH FOR
CY¥1170'0.55 MILE TO A EAST-WEST FENCELINE. TURN LEFT ALONG A FENCELINE FOR
CY1170'0.,25 MILE TO END OF TRUCK TRAVEL. PACK SOUTHWEST TO THE HIGH POINT AT
CY1170'THE EAST END OF THE HILL AND THE STATION.

*** retrxieval complete.
Elapsed Time = 00:00:09
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