
 
 

This is a digital document from the collections of the Wyoming Water 
Resources Data System (WRDS) Library. 

 
 

For additional information about this document and the document conversion 
process, please contact WRDS at wrds@uwyo.edu and include the phrase 

“Digital Documents” in your subject heading. 
 

To view other documents please visit the WRDS Library online at: 
http://library.wrds.uwyo.edu 

 
 

Mailing Address: 
Water Resources Data System 

University of Wyoming, Dept 3943 
1000 E University Avenue 

Laramie, WY 82071 

Physical Address: 
Wyoming Hall, Room 249 
 University of Wyoming 

Laramie, WY 82071 

Phone: (307) 766-6651 
Fax: (307) 766-3785 

 
 
 

Funding for WRDS and the creation of this electronic document was 
provided by the Wyoming Water Development Commission 

(http://wwdc.state.wy.us) 
 



IIIII~
~~~~II

III~~~
~!!~I!

IIIII~
IIIII 

i 
Gt

 
Q.

J 
.r

 
P

R
O

P
E

R
T

Y
 O

F 
0

()
 

W
at

er
 R

es
ou

rc
es

 D
at

a 
S

ys
te

m
 

L
ib

ra
ry

 

~ 
W

yo
 H

a1
12

30
 

30
7-

76
6-

66
61

 

~ 
~~

 
t-

4
 

t-
4

 
r1

-0
 

(D
 

t-
I\

 

~
 

DIl
l m

O
 

~ 
=

 ... 
ttS

 
~ 

rJJ
 

t-
4

 
ttS

(1
O

. 
~
 

q
n

 
t-

4
 

!1
 

s:: 
~
 

~ 
~o

~ 
(D

 
0 

m
 

() 
a 

~
 

c-
t-

t-
I-

d 
=

 
'(1

0.
 

~ 



GRANGER WATER SUPPLY PROJECT 

LEVEL II FEASIBILITY STUDY 

PREPARED FOR 

WYOMING WATER DEVELOPMENT COHHISSION 

HERSCHLER BUILDING 

CHEYENNE, WYOMING 82001 

Prepared by 

ARIX Corporation 

877 North 8th West, Suite 8 

Riverton, Wyoming 82501 



ACKNOWLEDGEMENT 

ARIX Corporation wishes to acknowledge the willing cooperation 

and enthusiasm of Mr. Patrick Erger, Wyoming Water Development 

Commission, Mayor Martin Tyler, Town of Granger and Mr. Dave 

Mortensen, Little America. Without the direction and assistance 

of these individuals, the tasks of developing data and making 

projections would have been much more difficult. 



I. 

II. 

TABLE OF CONTENTS 

SUMMARY AND CONCLUSIONS 

BACKGROUND 

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

STATEMENT OF THE PROBLEM 

INVESTIGATIONS 

SUMMARY OF WORK COMPLETED 

RECOMMENDATIONS 

INTRODUCTION . . . 

PROJECT BACKGROUND 

OBJECTIVE 

PHASES 

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

III. EXISTING AND FUTURE CONDITIONS . . . . . . . . . . . . 

IV. 

EXISTING WATER DELIVERY FACILITIES 

EXISTING AND PROJECTED WATER USE 

ALTERNATIVES . • . . . . . . . . . . . . . . . . . . . . 
INSTITUTIONAL REQUIREMENTS 

Wyoming State Engineer's Office; Easements/Rights 

of Way; NEPA Compliance; U. S. Army, Corps of 

Engineers, "404 Permit" 

SITE INVESTIGATIONS 

Surveying; Geotechnical Work; Pump Station; 

Pipeline 

ENGINEERING ANALYSES 

1 

6 

10 

14 



v. 

Pipe Size; Pipe Material Selection; Pipeline 

System Control; Intake Options 

ECONOMIC ANALYSIS 

Project Costs; Construction Costs; Inclusion of 

Little America in Granger Water Service Area; 

Annual Maintenance and Operating Costs; Project 

Benefits; Benefit to Cost Ratio; User Charges; 

Project Impact on User Charges 

OPERATING PLAN 

Daily Operation; Routine Maintenance; Infrequent 

Maintenance Actions 

RECO:MMENDED PLAN 

WATER RIGHTS 

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

DETERMINE WATER SERVICE AREA 

CONSTRUCTION OF THE PROJECT 

INVESTIGATE FUNDING OPTIONS 

INTAKE OPTION 

PIPELINE ROUTE 

PIPELINE SIZE 

PIPELINE FINAL DESIGN 

PIPELINE CONTROL 

ADDITIONAL INVESTIGATIONS 

47 



APPENDICES . . . . . . . . . . . . . . . . . . . . . . . . . 51 

A: Phase I Report 

B: Chen Northern Report 

C: ESA Report 

D: Mariah Report 

E: Cost Estimates 

F: Institutional Information 

G: Drawings 



I. SUMMARY AND CONCLUSIONS 

BACKGROUND 

The Town of Granger has identified a problem with the reliability 
and operational flexibility of their municipal water supply as 
early as 1978. The Town has taken several steps toward 
resolution of this difficult situation. Some of the steps taken 
include: 

Water rights have been acquired on the Green River. 

Temporary prov~s~on for diverting that water to Granger 
through facilities owned and operated by FMC has been 
arranged. 

A special fund has been established and contributions to the 
fund has continued while the Town's leadership looks for 
assistance from sources outside the Town. 

The Wyoming Water Development Commission (WWOC) has provided 
grant assistance to the Town to identify alternatives and 
recommend a financing plan and capital construction program 
to help resolve the Town's water supply difficulty. 

This report is prepared at the direction of the WWOC to identify 
the problem and propose solutions. This study is completed in 

phases, with Phase I considering pipeline route and pipe size and 
Phase II considering construction alternatives and economic 
analysis of the proposed project. 
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STATEMENT OF THE PROBLEM 

The ~ediate problem facing the Town of Granger is the fact that 
their water is supplied at the discretion and convenience of FMC 
Corporation. While no problems are apparent with the present 

situation, the agreement between the Town and FMC contains a 
right to terminate water delivery with as little as 30 days 
written notice. Additional contract conditions are such that 

Granger has no control over its water supply whatsoever. 

INVESTIGATIONS 

Several governmental and private agencies have been contacted in 
the course of this study. Included are: 

U. S. Bureau of Land Management, Rock Springs and Kemmerer 
District Offices. 

U. S. Bureau of Reclamation 

FMC Corporation 

Rock Springs Grazing Association 

Midwest Assistance Program 

Town of Granger 

Sweetwater County, Clerk's Office and Engineer's Office 

State of Wyoming, Department of Administration and Fiscal 
Control 
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Field investigations were conducted by the following firms: 

Chen-Northern, conducted geotechnical investigations 

Mariah Associates, conducted archeological investigations 

Surveyor Scherbel, performed field surveys 

ESA Consultants, conducted alluvial aquifer investigations 

Public meetings were held in Granger on June 15, 1989 and August 
2, 1989. General announcements of the meeting were published, 

and letters addressed to several directly affected parties were 
sent. Attendance at these meeting was sparse, and all comments 

received have been incorporated into this report. 

SUHKARY OF WORK COMPLETED 

This study developed population estimates for the Town, using 
several sources for information. Population is the largest 
single factor affecting water consumption, and estimates of water 
use are required to properly size water supply facilities. 

The Town's existing Green River water rights are examined, and 
recommendations concerning possible improvements are included. 

After the population estimates and the water rights 
investigations were completed, the pipeline size was determined. 
Such factors as energy cost to pump, capital cost of construction 

and number and location of pumping stations were considered. 

A pipeline route was proposed, and all owners along the route 
were invited to a public meeting. This meeting was designed to 
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receive input regarding owner's wishes about use of their land. 
No private landholders appeared. Governmental agencies did not 
appear, but sent by mail general descriptions of the requirements 
for use of land under their control. 

After development of a proposed pipeline route, the method of 
getting water into the pipeline was considered. Existing 
industrial facilities were toured and operators interviewed to 
determine known problems in the general vicinity of the proposed 
surface water diversion facility. Several alternatives are 
considered, and cost estimates developed for those alternatives 
which appeared to be most feasible. 

In the economic analysis portion of this report, cost est~ates 
of each of the construction alternatives are prepared. Using the 
published policies of several financing entities, various 

financing options are considered. 

An analysis of the impact of this project on user charges in the 
Town of Granger was performed and the most attractive financing 
program identified. Results of this analysis indicate that 
combining the water users at Little America and Granger results 
in a small increase in historical rates for Granger. Little 
America has no historic cost data for water supply and use. If 
Little America is not connected to the Granger system, Granger 
residents will experience a significant cost increase. 

RECOMMENDATIONS 

The recommended course of action for the Town of Granger is to 
pursue ~plementation of a pipeline and wellfield with an initial 
capacity of 500 gallons per minute (gpm). Total project cost is 
est~ated to be $2,400,000 (1992 construction). The reader is 
referred to Section IV of this report for details related to the 
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underlying assumptions and design considerations. Appendix E, 

Table 4 contains additional details. The Project cost is 

composed of the following: 

Final Design, Permitting and Legal Fees $ 216,500 

Construction Cost 1,724,800 

Construction Engineering Services @ 10% 172,500 

Subtotal 1,897,300 

Contingency @ 15% 284,595 

Construction Cost Total 2,181,895 

Project Cost Total $ 2,398,395 

Use $ 2,400,000 

As discussed in Section IV of this. report, water system users can 
expect to see rates increase if this project is implemented. The 
cost of providing raw water to both Granger and Little America is 
estimated to be $ 0.82 per thousand gallons. This will increase 
the cost of delivering finished water to Granger to approximately 

$ 2.31 per thousand gallons. Raising the finished water rate 
from its present level of $ 1.49 per thousand gallons to $ 2.31 

per thousand gallons is an increase of 55%. The typical Granger 
water rate would increase from $20.00 per month to $31.00 per 
month. 

Costs for constructing a 100 gpm system designed to serve Granger 

only will raise estimated costs from $1.49 to $4.62 per thousand 
gallons, an increase of 317%. The typical Granger water rate 

would increase from $20.00 per month to $62.00 per month. 
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II. INTRODUCTION 

PROJECT BACKGROUND 

Granger is a small town located on the western edge of Sweetwater 

county in southwest Wyoming. Established in the late 1800's, 
this community is located on the Union Pacific Railroad and old 

Highway 30, just off Interstate 80 and about 8 miles from Little 

America, Wyoming as shown in Figure 1. Situated in the heart of 

the trona mining district, Granger provides municipal services to 

a population of 150 to 200 people. In addition, Little America, 

a commercial development located eleven miles southeast of 
Granger, has approached the Town regarding a long term agreement 
for water supply. 

Granger presently obtains its municipal water from the Green 

River through a pipeline system which is nearly 16 miles in total 
length. Approximately 8 miles of the pipeline system is 20 inch 

steel pipe, and is owned by FMC, a Wyoming Corporation. The 

pipeline was constructed between the FMC plant and the Green 

River in the mid-1960's to provide process water for FMC's plant 
operations. The remaining 8 miles of pipeline was constructed in 
1978 by the Town from the FMC plant site to the Town's water 
treatment plant. FMC agreed to allow the Town to use the FMC 
line to convey water from the Green River to Granger, subject to 

certain conditions. One of the limiting conditions of this 

agreement is a cancellation clause, which allows FMC to stop 

delivering water with just ~O days written notice. This water 
supply agreement with supplement is included in Appendix F. 

Recognizing the problem with this cancellation clause, the Town 
of Granger applied to the Wyoming Water Development Commission 

(wwnC) for funds to investigate the feasibility of constructing a 
pipeline and appurtenances from the Town's existing 8 inch 

6 
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pipeline to the Green River. ARIX Corporation was selected to 
perform this study. This report is the final work product of the 
contract requirements between ARIX Corporation and the WWDC. 

ARIX Corporation acknowledges the assistance of several other 
firms who assisted in developing data upon which this report 
relies. Included in this category are Surveyor Scherbel, Chen
Northern, Mariah Associates and ESA Consultants. Ms. Barbara 
Tucker, Sweetwater County Clerk's Office and Mr. Mike Truden, 
Bureau of Land Management, Kemmerer office also provided valuable 
information. 

OBJECTIVE 

The objective of this study is to evaluate the feasibility of 
diverting water at the Green River, constructing a pumping 
station, and conveying water to the existing Granger pipeline 
near the FMC Plant. This study identifies diversion 
alternatives, a route for the new pipeline, project cost 
estimates and develops a conceptual design for the proposed 
facilities. A financing plan is also included. 

PHASES 

This study is separated into two phases. Phase I identified a 

preliminary pipeline size and alignment, and considered public 
input on various aspects of the project. A letter report 
documenting Phase I objectives was published in August, 1989 and 
is included as Appendix A. 

Major objectives for Phase II include alternative analyses, 
development of a conceptual design and preparation of cost 
estimates. The conceptual design contains enough detail to 
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permit accurate development of cost estimates which will 
characterize the scope of the construction project anticipated. 
Various funding alternatives are considered, and the impact on 
water users is projected. This report is prepared in support of 
Phase II objectives. 
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III. EXISTING AND FUTURE CONDITIONS 

EXISTING WATER DELIVERY FACILITIES 

As discussed in the introduction, the Town of Granger presently 

obtains its municipal water from the Green River. Surface water 

is diverted by FMC Corporation and conveyed to the FMC plant via 

their pipeline. Through a use agreement, the Town's water is 
also delivered to the FMC plant site via the FMC pipeline at no 

cost to the Town. The Town installed an 8 inch diameter PVC 
pipeline from the plant site to town in 1978. Raw water is 
delivered to the Town's water treatment plant, treated and 

delivered to residents via the Town's water distribution system. 

The current water supply system is shown in FigUre 2. 

This water delivery system has functioned well since its 

installation in 1978. Two key provisions of the use agreement 

however leave the Town in a precarious position for municipal 
water supply_ Paragraphs 4 and a portion of paragraph 7 are 

quoted here to emphasize the lack of control the Town has to 
utilize its Green River water right pursuant to the terms of this 
agreement. 

10 

4. It is understood and agreed that the utilization of 

FMC's facilities shall be interruptable at any time and for 
any duration as deemed necessary by FMC, for whatever 
reason. 

7 .••• and that FMC, in addition to having the right to 
interrupt the Town's use of FMC's facilities temporarily, 
shall have the right, at any time, upon the giving of thirty 

(30) days notice, in writing, to terminate this agreement 
and thereby permanently terminate the use of its facilities 
by the Town. 
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This arrangement is not acceptable. The Town has no assurance or 
stability for its long term water supply. Sources of water 
supply other than the Green River are apparently not available. 
Previous studies 1 performed by the Town indicated that "the Green 
River is the only reliable source of surface water in the area 

and ground water development is not feasible ••. " 
The Town hauled water via railroad cars for a temporary period 
prior to ~plementation of the present arrangement with FMC. 

A summary of the Town's other water delivery components is 
provided in the following table: 

TABLE 1 
SUMMARY OF GRANGER WATER DELIVERY COMPONENTS 

COMPONENT YEAR CONSTRUCTED CAPACITY 

Water Treatment Plant 1978 100,000 GPD 

Water Storage Tank 1977 250,000 GAL 

Water Distribution System Various N.A. 

All of these remaining water system components have adequate 
capacity to serve the Town. Granger has not experienced water 
delivery problems. Assessment of the condition of these other 
water system components is beyond the scope of this study and 
determined to be unnecessary by Granger and WWDC. 

lTown of Granger« Water Supply Line Extension to the Green 
River. An Engineering Feasibility Report, October, 1978, p. 1. 
Tudor Engineering Company, 450 S. Federal Blvd, Riverton, WY 82501 
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EXISTING AND PROJECTED WATER USE 

Very little raw water data are available for analyses regarding 
the Town's water use. ARIX personnel had numerous discussions 

with Town of Granger personnel and Little America personnel 
regarding current water use. This information was analyzed based 

upon typical data for other Wyoming communities and recognized 
professional publications. ~l data appear to be reasonable 
based upon these tests. Additional field verification of water 

use data may be appropriate and this decision can be made at a 
later date. A summary of current and projected water use for 

Granger and Little America is provided in Table 2. Projections 

are based upon a thirty year period, the expected term for a WWDC 

loan for this project. 

TABLE 2 

SUMMARY OF WATER USE DATA FOR GRANGER AND LITTLE AMERICA 

CURRENT (1990) PROJECTED (2020) 

LOCATION ANNUAL MAXIMUM ANNUAL MAXIMUM 
AVERAGE DAILY AVERAGE DAILY 
DAILY USE WATER USE DAILY USE WATER USE 

Granger 40,000 67,500 72,000 120,000 

Little America 172,000 300,000 310,000 543,000 

The balance of this report will discuss physical, institutional 

and economic considerations for implementation of a new river 

diversion and pipeline from the river to the Town's present 
pipeline at the FMC plant. 

13 



IV • ALTERNATIVES 

As presented above the project needs and the scope of this study 
are limited to a river diversion at the Green River and water 
conveyance facilities to the Town's existing transmission 
pipeline at the FMC pipeline. This discussion of alternatives 
will include institutional and administrative requirements, site 
investigations and engineering analyses of the various water 
transmission alternatives. 

INSTITUTIONAL REQUlREXENTS 

WYoming State Engineer's Office 

The water rights belonging to the Town were evaluated in Phase I 
and found to be in order. In summary, the Town owns a direct 
flow right of 2.06 cubic feet per second (cfs) during the summer, 
and a direct flow right of 0.56 cfs during the winter. The Town 
may supplement these rights with additional rights, including 
direct flow rights from the Green River, water stored in 
Fontenelle reservoir, or water from some other source. See the 
Phase I report for additional detail. 

The construction of a wellfield in the river alluvium is expected 
to be considered a "surface water diversion" by the Wyoming State 
Engineer's office (SEO). As indicated by Surveyor Scherbel in 
his letter, there is case history documenting the SE~ approach to 
this situation (a copy of the SEQ letter is in Appendix F), and 
no compromise of the existing Granger direct flow water right is 
expected. 

The Town must prepare a petition to the State Engineer's Office 
(SEO) for a "Change in point of diversion and means of 
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conveyance." This petition will be considered by the State Board 

of Control, with routine approval expected. In essence, this 

petition will document the actual point of diversion on the 

river, and detail the location, size and hydraulic performance of 

the new transmission pipeline facilities. 

Easements/Rights of Way 

The Town will also need to obtain the rights to place a pipeline 

on lands owned by others. The actual form of the rights, i.e. 
easement, ownership or license for specific use, may vary, 

depending on the land owner's policy. 

For those lands owned by the federal government, application for 
the right to use the land will have to be made to the agency 

which administers the specific parcel. The Bureau of Land 

Management (BLM) and the Bureau of Reclamation (BOR) have 
jurisdiction of lands proposed to be occupied by the pipeline. 

Each agency has its own application form, with slightly varying 
requirements on each. 

NEPA Compliance 

In order to be in compliance with the National Environmental 
Protection Act (NEPA), both federal agencies listed above will 
require an Environmental Assessment (EA). Since the route chosen 
for this pipeline lies parallel and adjacent to existing 

disturbed areas, the scope of the required investigation is 

considerably reduced, and the BLM will probably complete the EA 
using their own staff. If the BLM is aware of the specific route 

prior to initiation of the EA, it can be expanded to include the 

lands under BOR jurisdiction. 

15 



u. s. Army, Corps of Engineers, "404 Permit" 

Under the prov1.s1.ons of the "Clean Water Act", the Army Corps of 
Engineers (COE) is charged with monitoring and approving 
activities which result in dredging or placing of fill in river 
channels. Conversations with Mr. Ed Gooley of the local COE 
office indicate that this project will be formally evaluated when 
design drawings have been completed. However, preliminary 
drawings suggest that this project will not require a permit. 

If design reviews indicate that a formal "404 Permit" is 
required, the project will be reviewed by the U. S. Fish and 
Wildlife Service (USFWS) and will trigger a "depletion" payment 
under the Colorado River pact, in which Wyoming is a participant. 
Mr. Rich Hill of the USFWS indicates that this payment goes to 
the Fish and Wildlife Foundation, and is intended to partially 
compensate for water withdrawn from the headwaters of the 
Colorado river. This one time charge is calculated on the basis 
of $10.41 per acre-foot (AF) of water diverted during one year. 
For this project, total annual diversions will be in the range of 
44.8 AF at 100 gpm, up to 240 AF at 500 gpm. Total project 
charges would therefore range from approximately $465 to $4900. 

These charges have not been included in project budgetting 
because of the low probability that they will be assessed. 

ARCHEOLOGY 

A survey of archeological resources along the route of the 
pipeline was performed by Mariah Associates. Field work in 
conjunction with this survey was performed on September 7, 1989. 

The report prepared by Mariah is attached as Appendix C. 

The Mariah report contains this reconunendation: "The five 
prehistoric sites and four (Incidental Finds) recorded during the 
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project are recommended as not eligible for the National Register 

of Historic Places(NHRP). They are unlikely to yield any 
additional significant scientific information. The previously 
recorded Overland Trail, within the project ROW, is recommended 
as a noncontributing portion of the NRHP eligible status. No 
further work is recommended for any of the above cultural 
resources." 

In addition, the report recommends that a qualified archeologist 
monitor all ground disturbing activities in Section 29, Section 

30, and NENE of Section 31, T20N, R109W. The report also 
provides suggestions for administering any sites actually 

encountered during construction. 

SITE INVESTIGATIONS 

Surveying 

Field crews of Surveyor Scherbel were on site on August 30, 1989. 
Their primary tasks were to identify the actual length of the 
pipeline in the field and measure the total change in elevation 

of the pipeline from the river to the high point along the line 
(Static Head). The information they have gathered has been 
incorporated into this document through the drawings and the cost 
and quantity estimates. A summary of their work indicates the 
following: 

Total Pipeline length: 43,955 feet. 
River Elevation near Test Pit #1: 6,180 feet. 
Apparent high point along route: 6,491 feet. 

Geotechnical Work 

The geotechnical work was completed by Chen-Northern, Inc. Field 
crews were at the project site on August 29-31 1989, during which 
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time several backhoe pits were excavated and samples were removed 
for laboratory analysis. Detailed information, including the 
complete Chen-Northern report, is attached as Appendix B. The 
results of this preliminary geotechnical investigation are used 
in alternative analyses, conceptual design and project cost 

estimates. A summary discussion follows: 

PuDlp Station 

In summary, the report describes the conditions which are likely 
to be encountered at the Pump Station as "loose to medium 
dense ••• alluvial sands with gravels." "Structural loads can 
generally be supported on conventional footing foundations." 
"Allowable bearing pressures for design purposes are typically in 

the range of about 1,500 to 2,000 pounds per square foot". Deep 
excavations, "below about 8 feet" will likely require dewatering, 
which should be performed "from outside the excavation 
limits ••• to maintain slope stability." 

Pipeline 

The Chen-Northern report discusses the conditions along the 
pipeline in two sections: "river valley alluvium and upland 
deposits." 

"River valley alluvium is encountered within two segments, the 
first between Station 0+00 and Station 60+00 and the second 
between Station 427+00 and 442+00. Within these segments, loose 
soil conditions with groundwater between depths of about 6.5 to 8 
feet are typical. For these types of conditions, relatively flat 
excavation slopes are generally required and dewatering is 
necessary for excavations extending below the water level. 
Excavation stability can be improved by dewatering from outside 
the excavation limits in order to lower the water level below the 
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depth of planned excavation. Some of the excavated material is 

expected to be too wet for use as trench backfill. With the 

exception of these high moisture content soils, the remaining 

excavated materials are considered suitable for trench backfill." 

"Between Station 60+00 and Station 427+00, upland deposits are 

expected to be encountered. These materials consist of a variety 

of sands, gravels, clays and bedrock. In general, the soils are 

expected to be excavatable with normal trenching equipment, 

however, some locations containing cemented gravel may be 

encountered which will create difficult excavation conditions. 

Where the bedrock is encountered, excavation with small backhoes 

can be difficult and refusal may be encountered. Such locations 

are expected to require the use of heavy duty excavation 

equipment including a ripper tooth or hydraulic demolition tool. 

The materials within this segment of the alignment typically have 

low moisture content and may require moisture conditioning in 

order to facilitate compaction. The materials are considered 

suitable for reuse as trench backfill, provided that well 

cemented rock fragments and gravels greater than about 3 inches 

are removed." 

ENGINEERING ANALYSES 

This section of the report presents a discussion of some of the 

parameters considered for alternative evaluation of this project. 

These parameters will be discussed in the following order: 
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A. Pipe size evaluation 
B. Pipe material evaluation 
C. Pipeline system control scheme 
D. River Diversion Options 

1. Screening prior to pumping 
2. Sediment pond, high service pumping 
3. Wells / Infiltration Gallery 

Pipe Size 

Pipe size and pipeline route were evaluated during Phase I of 
this study. The recommended pipe size is 8 inches in diameter, 
with the pipeline route parallel to the existing pipelines owned 
by FMC. Additional information is contained in the Phase I 
report, contained in Appendix A. 

Pipe Material Selection 

There are several types of pipe materials widely used and 
available for use in water pipelines. For discussion purposes 
only, these materials are categorized into three classes as 
follows: Concrete, Metal, and Thermoplastic. 

Concrete pipes are generally reinforced with some type of steel, 
commonly in the form of steel rods or in the form of a steel 
tube. The product which contains steel rods or wire mesh for 
reinforcing is seldom used for small diameter pressure pipe when 
pipe internal pressures exceed about 30-40 pounds per square 
inch. The concrete product which contains a steel tube depends 
on the concrete to provide protection from corrosion and a 
stiffening for thin steel pipe tubes. While the technology for 
manufacturing 8 inch diameter piping exists, the cost associated 
with concrete pipe in this small diameter application is much 
higher than other pipe material types. 

20 



Metal pipes in the diameter of interest are generally 
manufactured from either steel or ductile iron. Coating of all 
metal pipe is required due to the soil corrosivity along the 
pipeline route. 2 

Ductile iron pipe has superior structural strength and rigidity 
and is typically used in environments which may be subject to 

ground shifting, such as at river crossings or in bored crossings 
of highways or rail facilities. The cost of the pipe is higher 
than for some other pipe material types, hence its use is 
typically confined to situations requiring the special properties 
of ductile iron. 

Steel is a material with excellent strength, particularly in 
tension. In high pressure applications, the tension carrying 
ability of steel pipe can be used to good advantage. The 
thickness of the steel in the pipe wall can be adjusted to 
provide adequate safety factors in areas where high pressures are 
encountered. In the low pressure applications, the thickness of 
the steel reaches a minimum which is not determined by the 
pressure of the water inside the pipe. Typically, the minimum 
steel thickness is determined by the ability to physically handle 
the pipe without damage during installation and provide for minor 
corrosion during the life of the pipeline. This results in 
greater pipe wall thickness and leads to some inefficiency in 
material use. The cost of using steel pipe for low pressure 
sections of the pipeline is higher than it would be for other 
pipe materials. 

2See the Chen-Northern Report in Appendix B, pp. 14-15 
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Plastic pipe comes in several different materials, including 

PolyVinyl Chloride (PVC), Polyethylene (PE) and Acrylonitrile

Butadiene-Styrene (ABS). The latter two materials are more 

expensive and not frequently used for water pipe in the size 

range of 8 inches in diameter. 

PVC is widely used for water transmission applications, 
especially in corrosive soil conditions. The pipe material cost 
is the lowest of all the types considered herein. Its light 

weight means that the installation cost is also less. 

A fourth pipe material is discussed here because it is a 

composite material consisting of a thermoplastic resin with fiber 

reinforcement. This proprietary product (Permastran) exhibits 
the light weight, ease of construction and corrosion resistance 

of plastic pipe, while the reinforcing fibers give this pipe the 
ability to handle much higher pressures than normally encountered 
in plastic pipe installations. This product is also much more 

expensive than plastic pipe. 

For this project, many of the pipe material types discussed above 

may have some application. The determining factor in the 
decision of which pipe material to use on the project will likely 
be the cost of installing each individual segment of pipeline. 
The actual cost of installing each segment can only be determined 
by a contractor, after thorough review of the project and 
considering his individual skills and equipment. 

The best method of preparing the final project design will be a 

combination of determining which pipe materials might be suitable 

for a particular pipe segment, and preparing bid documents which 

properly consider essentially equal pipe materials. 
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For example, the Blacks Fork River crossing should only be 

constructed using ductile iron pipe, preferably with flexible 

joints. This construction technique is required to prevent 

future movement of the river bottom from stressing the pipe and 

causing its eventual failure. The high pressure portions of the 

pipeline should only allow properly coated steel pipe or fiber

reinforced plastic pipe. The Contract documents would require 

the use of ductile iron in the river crossing, but allow the use 

of either steel or fiber-reinforced plastic pipe in the high 

pressure areas. 

Pipeline System Control 

There are several key elements which must be provided to control 

and operate this pipeline. These key elements include: some 

method to regulate pressure and rate of flow at the existing 

water treatment plant; some provision for pipeline drainage, air 

and pressure relief along the length of the line; and the ability 

to control starting and stopping the pump station from the water 

treatment plant. Each of these elements is discussed in more 

detail below. 

The rate of pipeline flow into the existing water treatment plant 

must be regulated. Effective methods of accomplishing this 

include the installation of control valves, which are called 

either as Pressure Reducing Valves (PRVs) or Flow Control Valves 

(FCV). This control device typically uses the pressure of the 

pipeline itself to hydraulically operate a valve or flow control 

orifice. This unit should be connected to the water treatment 

plant process so that only the amount of water which can be 

treated is allowed to flow through the line. ~ong with rate 

control, pressure relief should be provided to help prevent 

damage in the event of high pressure occurring in the pipeline. 
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Other functions that will be performed by this valve include 
closing to keep the pipeline full of water after the pumps have 

been shut off. This can be accomplished by electrically 
connecting the pump and valve controls. When the signal to stop 

the pipeline operation is given, the valve would close 
immediately and the pump would shut down after a suitable t~e 
delay. This valve would close if the pump failed to deliver 
pressure to the pipeline, either because of mechanical failure in 
the pump, lack of water in the inlet or electrical power failure. 
When the signal to start operation of the pipeline is given, the 
valve would open only after the pumps have started and a suitable 
t~e delay has taken place. 

An ~portant aspect of long distance pipeline operation is to 
consider air and pressure relief mechanisms, and provide for 
drainage of the line to facilitate maintenance of the line. As 

the line fills with water for the first t~e, all of the air in 
the line will be displaced by water. Air relief valves must be 
provided to prevent the line from becoming "choked" by air 
bubbles which tend to accumulate at high points along the line. 

These valves can be installed as "combination" valves, which 

combine the functions of air relief and vacuum relief. Vacuum 
relief is ~portant during times when the pipeline is drained to 
perform maintenance operations. The vacuum pressures generated 
during line draining can become large enough to collapse the 
pipe. 

Proper drainage of the pipeline is facilitated by providing line 
valves at suitable intervals and locations. When the pipeline 

must be drained, these line valves would be closed to isolate a 
section of line. It is important that the entire line is not 

dewatered, with the resulting waste of the water already in the 
line. "Blowoff valves" along the pipeline should be sited in 
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such a manner that no downstream damage will be caused by 
draining operations. 

Pressure relief must also be provided along the pipeline at key 
locations. These locations are best determined during the actual 
design of the pipeline and following a water hammer analysis of 
the pipeline system. Such an analysis is beyond the scope of 
this study, however at a minimum, these valves should be 
installed at the existing water treatment plant, near the FMC 
Plant site and at the pump site. 

Operation of the pumps must be controlled from the water 
treatment plant and from the pump station. There are essentially 

2 methods available for controlling the pumps from the treatment 
plant which is located over 16 miles away: The use of wires and 
the use of radio. 

There are 2 methods of control by wire which might be used for 
this application: Renting or leasing wire from the telephone 
company or laying underground control wires with the pipeline 
itself. Because of the sparse population in this area, renting 

or leasing wire carries with it a large installation fee, as well 
as associated monthly charges for operation of the line. Due to 

the large costs associated with this option, it is not considered 
further. 

Laying control wires with the pipeline itself requires a 
significant capital cost outlay. There are approximately 99,000 
feet of cable required for this project. Typical cable cost 

range is $1.50-2.00 per foot, for a project total of nearly 

$200,000. An operational difficulty with this type of 
installation is the problem associated with determining the exact 
location of faulty cable. It is relatively easy to narrow the 
search down to a short section of cable, but finding and 
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repairing the fault is difficult, especially for municipal 
employees who may lack the required tools and training to perform 
this task. In order to make this system work, additional cable 

would have be installed between the existing treatment plant and 

the FMC plant, which adds significantly to the capital cost of 

this option. 

The use of radio for this project is the most apparent solution 

for the control of the pumps. Radios are much less capital 
intensive than laying wire. The reliability and maintainability, 
which has caused problems in the past, has vastly improved and 
continues to increase as electronic technology improves. 

Problems associated with thunderstorms and other radio 

interference have been minimized by new radio design. The use of 

a multi-channel radio would allow one channel to be used for pump 
control, i.e. On and Off commands and one channel would be used 

to transmit the current status of the station, i.e. On, Off or 
Fail to Start. 

Intake Options 

As discussed earlier in this report, Granger owns a surface water 

right on the Green River. This section of the report considers 

various methods available for diverting these surface waters into 
the pipeline. There are basically three options available, and 
these options will be discussed in the following order: 

A. Screening prior to pumping 
B. Sediment pond, high service pumping 

C. Wells/Infiltration Gallery 
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Screening prior to pumping. 

In this design concept, water is diverted to the pumps through a 

series of screens with decreasing mesh sizes. Typically, 

diverted water is directed toward the screens through some type 

of open channel before encountering the screens. These screens 
consist of steel bars, with many different designs available 
today. The pumps are typically installed inside a building, with 

pump intakes in a wetwell. Typical of this design concept is the 

existing surface water intakes of FMC and TexasGulf. 

Both of these intake facilities have constructed a dike, roughly 

"L" shaped, to divert large floatable objects like trees around 

the intake itself. Both have constructed an open channel which 
forces water through a bar screen with large openings 
(approximately l-i" each way). Both facilities have made 
provision for the use of a mechanically cleaned bar screen to 

further clean the incoming water. Both facilities use vertical 
turbine pumps to move the water from a wet well structure to the 

pipeline. Each intake is operated continuously, 24 hours per 
day, with flow rates at least an order of magnitude above what 

Granger is considering. At these flow rates, both facilities 

have experienced icing problems in the winter, and the TexasGulf 
facility has installed "bubbler" lines to try to control ice 
formation in and near the coarse bar screen. 

During the time of the year when there is a high silt content in 

the river, a significant increase in the cost of treating the 

river water at the Town's Water Treatment Facility will be 

apparent. This silt, which will be conveyed to the treatment 

plant, must be removed with associated costs of manpower, 

electricity, chemicals, filter usage and maintenance, and 

disposal of backwash water and sludge. 
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As a result of the sed~ent considerations above, no further 
conceptual design efforts were expended on this alternative. 
Attention was shifted to a refinement of this intake design 
concept which does not have these problems. 

Sediment pond, Hi.gh Service Pumping 

This refinement of the "screening prior to pumping" design 
concept involves using a "low head" pump to lift water from the 
river into a "sediment pond". This pump can be constructed with 
large openings to allow it to pass river debris without damage. 
The river intake screens can then be several sizes larger, with 
lower initial installation costs and lower maintenance costs as 
well. 

The raw river water is delivered to a series of sed~entation 
ponds, where it ·is held for a total of approximately 25 hours at 
design flow. This detention t~e provides an opportunity for all 
of the heavier solids to settle out of the water. Many of the 

lighter particles (which may be held in colloidal suspension) 
will also drop out during this period. 

The water will then be drawn from the "clean" end of the 
sedimentation basin(s) into the high service pumps and then into 
the pipeline. Since the water being pumped to town now contains 
significantly less solids, these pumps can be designed with 

smaller water passages, which will generally ~prove the pump 

operating efficiency. Maintenance costs associated with wear of 
internal pump parts, like ~pellers, will be reduced with this 
design, even with smaller pump passages. Plugging of pump 
intakes will also be reduced substantially. 

Duplicating the design of the facilities currently in use by the 
industries in the area for the significantly reduced flowrates 
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which Granger will be using will result in severe icing problems 
during several months of the year. Granger will not have the 
advantage of moving large volumes of water and will be operating 
the pumps intermittently, especially during the winter months 
when there is less demand for water. This is likely to create 
problems at the intake screens, where raw river water is first 
pumped, and later in the sedimentation basins. 

Intakes using this type of design are capital intensive. They 
require the construction of extensive structures, including the 

diversion channel and related earthwork, rip-rap, concrete 
retaining walls, screening facilities and extensive buildings to 
house pumps and other equipment. 

Maintenance costs tend to be high for this design. Included in 
these costs would be the cost of heating the building, energy 
costs associated with air bubblers to keep ice from forming and 
the general upkeep which is required when man-made structures are 
placed in the channel of the river. The disposal of accumulated 

sediment in the sedimentation basins is not technically 
difficult, but will require machinery and related expense. 

Wells/Infiltration Gallery 

In this design alternative, river water is withdrawn from the 
alluvial gravels which are found along the river bed through a 
series of wells or perhaps through an infiltration gallery. A 

field investigation was performed by ESA Consultants in October 
and November of 1989, and a copy of their report is attached to 
this document as an appendix. 

In summary, the ESA report indicates that test wells were placed 
in the river alluvium and pumped. The results of the pumping 

29 



tests show that there is a direct connection between the wells 
and the river. Water withdrawn from the wells was tested and 
found to be of good quality. The report goes on to make some 
technical recommendations regarding the method of construction, 
spacing and cost estimates. 

Some very significant operation and maintenance advantages are 
expected from the construction of a this style of intake system. 
The annual problems related to icing of water intakes and 
removing accumulated trash from intake screens is eliminated. 
The costs associated with maintaining a building is eliminated. 
And the quality of the raw water actually delivered to Granger 

will be substantially improved, especially during the "runoff" 
season, when the river gravels will function as a natural filter 
for the water. 

ECONCHIC ANALYSIS 

In performing an economic analysis for this project, the answers 
to the following two questions are crucial: 

- Under what conditions can the users of this project pay 
the annual costs of the project? 

Does this project make economic sense, i.e. are the 
benefits of the project greater than project costs? 

To answer these questions, the issue of project costs will be 

considered first, followed by a consideration of the project 
benefits. 
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Project Costs 

Many factors must be considered when analyzing "project costs." 

For simplicity, this report divides these factors into two 
categories, "direct" and "other" costs. 

Other costs are those items which are readily perceived to be 
part of project costs, but reliable estimates of their value are 
beyond the scope of this study. This category would include the 
loss of grazing opportunity on disturbed portions of the right
of-way until vegetation is re-established and the loss of 
aesthetic value in the river reach where the intake structures 
are located. The environmental impact of the additional traffic 
on the access road caused by routine maintenance operations of 

this project and the impact of traffic induced to travel by a 
good access road also fit into this category. 

Direct costs, as used here, means those costs that can be readily 
determined with a fair amount of certainty. This category 
consists primarily of the capital cost of construction. Certain 
ongoing costs such as the daily cost of power for pump operation 
and maintenance costs associated with pipeline leaks, routine 
maintenance actions on the pumps, etc. are also included. 

Construction Costs 

Detailed construction cost estimates are prepared for each of the 
two intake methods, the well field and the surface water intake 

with sedimentation basins and are included in Appendix E. The 
total cost of construction for the surface water option is 

estimated to be $461,800. The well field option is estimated to 
cost $420,550. After considering the significant maintenance 
advantages and the capital costs of both intake options, the well 
field is recommended as the best choice for the intake. 
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The construction cost estimate for the remainder of the project 

is divided into three separate options. These options are (1) 
construction of a pump station with a flow rate designed to match 
the current water treatment facility (approximately 100 gallons 
per minute) in Granger, (2) construction of a pump station with a 
flow rate designed to provide water to Granger and Little America 

(approximately 500 gallons per minute), and (3) size the pump 
station flows to deliver the full summertime water right flow 
(925 gallons per minute). Note that significant changes in the 
current water treatment facility are required for flows over 100 
gpm. Analysis of the cost of water treatment facility 
improvement is beyond the scope of this study. A discussion of 
the proposal to include Little America in the Granger water 
service area appears later in this report. 

Providing pipeline flow of 100 gallons per minute requires a 
single pump station, which can be located at the river. The pump 
station should be designed for pumps capable of delivering 100 
gpm and accommodate future pumps which have greater capacity. 
The additional capital cost of constructing a slightly larger 
wetwell and providing pipe fittings in the pump house for future 
expansion is quite small. 

By assuming a growth rate of 2% per year for Granger, it can be 
shown that the population will grow to 380 in approximately 54 
years. At this point, it will require 19 hours to produce 

sufficient water for the town at a production rate of 100 gpm. 
This is a practical upper limit for the production of water, 
since the entire system will have to be producing water for 80% 
or more of the time. 

Providing flows up to 500 gpm can be readily achieved by adding 

pumps at the pump station, requiring no significant changes in 
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the pump station structure. Items which may require modification 

include the number of wells in the well field, electric power 

service connections and associated controls and water treatment 

facilities. Note that Granger's water rights contain a condition 

which only allows flows greater than 250 gpm during the summer 

months. 

Current peak summer use in Little America is reported3 to be 
approximately 300,000 gallons per day. Combined with the present 
use in Granger of approximately 40,000 gallons per day, the 
initial flow rate required to provide service to both entities is 

236 gpm. At a 2% growth rate for the combined entities, a 500 

gpm supply will provide sufficient water for approximately 30 

years, at an average "in service availability" of 80%. 

Providing flows greater than 500 gpm will require the 
construction of additional pumping stations along the pipeline 
route, due to the friction loss characteristics of nearly 16 

miles of pipeline. As above, the number of wells required will 

increase, electric power service must be upgraded and water 
treatment facilities must be improved. Note that current water 

rights only allow flows greater than 250 gpm during the summer 
months. 

Detailed construction costs for the three flows of 100 gpm, 500 

gpm and 925 gpm are contained in Appendix E. Total project costs 
are summarized in Table 3. 

3Reported by representatives of Little America at a Public 
Meeting Held in Granger on June 16, 1989. Also see letter in 
Appendix F. 
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Design Flow Rate 

Final Design, Legal 
Permitting 

Construction Cost 
Engineering @ 10% 

Subtotal 
Contingency @ 15% 

Construction Cost Total 

Project Cost Total 

Use 

TABLE 3 

Construction Cost Summary 

100 gpm 500 gpm 

$ 207,900 $ 216,500 

1,615,300 1,724,800 
161,500 172,500 

1,776,800 1,897,300 
266,520 284,595 

2,043,320 2,181,895 

2,251,220 2,398,395 

$2,252,000 $2,400,000 

925 gpm 

$ 227,600 

1,891,925 
189,000 

2,080,925 
312,100 

2,393,025 

2,620,625 

$2,621,000 



Inc1usion of Litt1e America in Granger Water Service Area 

Little America, Wyoming is located approximately 8 miles from 
Granger, on Interstate 80. It currently draws water from wells 
south of the Highway and from the Hams Fork River near Granger. 
During water short years, the wells are not able to supply all of 
Little America's water. During these times, supplemental water 

is drawn from the Hams Fork, treated and pumped to Little 

America. In the past, the Town of Granger has been asked to 

provide water to Little America to supplement water provided from 
other sources. 

Physically interconnecting the existing Little America facilities 
in Granger is quite simple. The interconnection can be made a 

permanent part of the Granger system for less than $1,000. Water 

treatment facilities and the pipeline between Granger and Little 
America are in place. 

Discussion with representatives of Little America indicate that 
they will consider a proposal to connect to the Granger system 

when the scope of the project has been defined and estimates of 

the cost of the service have been developed. It is clear that no 

decision regarding connecting to Granger has been made at this 
point. 

Granger will probably be required to annex the Little America 

site. Current water rights are clear that water diverted from 
the Green River must be used within the corporate limits of 
Granger. Presently, any transfer of water from Granger to Little 
America requires that the State Engineer issue a temporary permit 
for this use. 
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Annual Maintenance and Operating Costs 

Est~ated annual maintenance and operating costs are contained in 
Appendix E. Developing an estimate of power costs requires 
est~ates of the total annual amount of water pumped. This is 
likely to vary from one year to the next by a considerable 
amount. Typically, growth continues in an area at moderate rates 
for several years. For this analysis, present average annual 
water use in Granger is 40,000 gallons per day. This amounts to 

approx~ately 300 gallons per person per day, a number that is 
fairly typical of small towns in Wyoming. 

The amount of 40,000 gallons per day is assumed to grow at an 
average annual rate of 2%. This means that the average daily use 
30 years hence would amount to approximately 108,000 gallons per 
day. To determine the power cost, the arithmetic average of the 
first and thirtieth year was selected as representing the average 
power cost over the life of the project. Clearly, the power cost 

will be overest~ated during the early phases of the project, but 
will be understated for the end of the project. Summarized below 
are the est~ated annual costs of this project. 

TABLE 4 

Annual Cost Summary 

100 gpm 500 gpm 925 gpm 

Annual o & M Costs 14,357 29,877 81,591 

Annual Debt Service 31,410 34,235 38,455 

Total Annual Cost 45,767 64,112 120,046 
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Project Benefits 

Analysis of the cost of providing water to Granger without this 

project, the "do nothing option", will be used to demonstrate the 
benefit of the project. Both direct and other costs must be 
considered here in much the same manner as the project costs were 
analyzed above. 

Other costs associated with the "do nothing" option must consider 
the impact on the quality of life of residents of Granger if the 
Town is no longer able to reliably deliver water. People who 

have chosen to live in the small town environment and take 
advantage of its unique opportunities would be forced to move 
elsewhere if water were unavailable. 

The cost of providing water to the town without this project can 
be estimated by considering the cost of shipping water to town on 
rail tank cars, and connecting the cars to the municipal 
distribution system. This is method that was used during the 
water short year of 1977, when the Ham's Fork River dried up 
completely and left Granger totally without water. 

A telephone call to the Rate Department of the Union Pacific 
Railroad indicates that Freight rates for a tank car of water, 
shipped from Green River to Granger will cost $3.29 per 
hundredweight, with additional charges of $20 per day for the 
first 3 days, $30 per day for the next 2 days and $60.00 per day 
thereafter for time spent unloading the car. 

Using Granger's average annual consumption of 40,000 gallons per 
day, 15,000 gallons is approximately 112,200 pounds, essentially 
one tank car load. We find that nearly 3 tank cars per day must 
be shipped to Granger. The freight charges for this shipment 
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amount to approx~ately $11,000 or $278 per thousand gallons. 

Actual purchase of the water from the City of Green River will 
add another $1.40 per thousand gallons to the cost, bringing the 
total to approx~ately $280 per thousand gallons. 

Benefit to Cost Ratio 

One method of determining the economic viability of this project 
is to consider the ratio of the cost of water delivered through a 

new pipe project to the cost of water delivered without benefit 

of the project. The least favorable conditions for calculating 
the benefit to cost ratio are determined by using an extremely 

conservative estimate of water use, combined with the highest 
unit cost of delivering water through the proposed project. Unit 

costs of delivering water are contained in Table 7 of this 

report. Using a water consumption of 40,000 gallons per day, as 
outlined above, the ratio of costs is computed as follows: 

Cost of providing water by Tanker $280.00*40*365 
= = 60.6 

Cost of providing water by Project $ 4.62*40*365 

A similar calculation, using different conditions can be 

performed. Assume that water to be delivered through a tank car 

will be expensive and that residents will curtail use voluntarily 
through measures similar to eliminating outside watering, 
installing water saving fixtures in houses, etc. Compare this 

substantially reduced water flow with the unrestrained use of 

water in Granger, i.e. using rates that have been observed in the 

past in Granger. The benefit to cost ratio now becomes: 

Tanker Cost, per year 365*15*$280.00 
= = 22.7 

Project Cost, per year 4.62*40*365 
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In either calculation above, the benefit to cost ratio is much 
greater than one. Any project with a ratio of one or greater is 
considered to be a project which "makes economic sense." 

User Charges 

The Mayor of Granger is aware of the financial requirement to 
upgrade the water supply for the Town. One of the steps he has 
taken to secure funding for this project is to enter in to an 
agreement with an oil company for the sale of water. This water 
will be used in various oil-related activities, including 
drilling wells. Mayor Tyler has indicated that the revenue 
derived from the sale of this water will be placed into an 
account reserved for water system capital improvements, including 
construction of a new waterline. 

Under the terms of this agreement, the oil company will pay 
Granger for water at a rate of $21.00 per 100 barrel truckload, 
or approximately $5.00 per thousand gallons. This rate is lower 

than the $25.00 per 100 barrel truckload ($5.95 per thousand 
gallons) which will be charged to other oil companies in the area 

since this company has agreed to spend approximately $20,000.00 
"up front" to construct a bulk water loading facility for the 
Town. Based on the amount of water which the company projects 
they will use, the revenue generated from this one agreement may 
reach $200,000.00 in two years. 

There are a number of approvals which must be obtained prior to 
completion of this agreement. Mayor Tyler has contacted both the 
State Engineer's office and FMC seeking appropriate approvals. 
Should this project be constructed with the assistance of the 
WWDC, Granger will be required to obtain prior written approval 
from the WWDC for any sale of water outside the town limits. 
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Sixty seven per cent of the revenue generated by sale of water 
outside the town will be required to be returned to the State. 
These payments will start upon "substantial completion" of the 
construction. 

Granger has meters on all residential taps, but has not been 
using the meters to determine user charges. The Town continues 
to use the "flat" rate structure which has been in use for 
several years. The current water rate is $20.00 per month, which 
was set by ordinance in 1989. A summary of the Town's water 
account for 1989 is contained in the following table. 

Expenses: 

TABLE 5 
Water Account Summary 

Fiscal Year 1989 
(July 1988-June 1989) 

Actual 

Salaries and Personnel Costs $ 2,374.94 

Operating Costs 13,976.84 

Long Term Debt: (G. o. Water Bonds) 5,450.00 
Original Amount: $85,000 
Payments continue until 2008 

Totals: $21,801.78 

Revenue: $18,423.39 

Budget 

$ 2,416.00 

15,604.00 

$18,020.00 

$14,420.00 

From this table, it is clear that Granger has implemented a rate 
policy that is capable of supporting the current cost of 
producing municipal water. 

Granger has adopted an aggressive policy designed to generate 
revenue for the construction of this project. Even with this 
aggressive and creative attempt to generate funds to be used for 
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project construction, project costs are such that Granger cannot 

pay for the entire project costs using revenue generated by 
current or projected Town residents and other water users. 
Therefore, the possibility of obtaining financial assistance from 
outside the normal Town revenue sources was examined. 

Mr. Mike Sposit of the Midwest Assistance Program was contacted 
concerning the availability of funds which Granger might use to 
assist with the completion of this project. Mr. Sposit indicated 
that the three most likely sources of funds are: 1. Wyoming 
Water Development Commission (WWDC), 2. The Wyoming State Farm 
Loan Board, and 3. the Farmer's Home Administration as indicated 
in the letter in Appendix C. 

Discussion with the WWDC Staff indicates that the Commission has 
participated with a local sponsor in funding projects similar to 
this one. The usual policy anticipates that the WWDC will 
provide grant funds amounting to two thirds of the project cost, 
and calls on the local sponsor to develop one third of the funds 
from other sources. A local sponsor can typically borrow the 
"local share"- of project funds from the WWDC revolving loan fund 
which provides funds at an attractive interest rate. The 
Commission has recently changed its policy and will no longer 
fund certain projects at a higher level of grant participation 
than outlined here. 

Other revenue sources which might be used by Granger include the 

funds distributed by the Wyoming Farm Loan Board and the Farmer's 
Home Administration. 

Project ~pact on User Charges 

The impact on the current rate structure in Granger can be 
estimated from the estimated annual operation and maintenance 
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costs of the project, the annual debt service charges of the 
project and the number of users connected to the system. The 
current user charge system is adequate for Granger's present 

needs. It will probably require some modification to deal with 
proposed changes to the water service area. Table 7 contains an 
estimate of the impact this project is expected to have on user 
charges. 
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TABLE 6 

Funding Options 

Funding Source 100 gpm 500 gpm 925 gpm 

WWDC Grant (67% of 
Project Cost) $1,554,400 1,554,400 1,608,000 1,608,000 1,756,070 1,756,070 

WWDC Loan 765,600 565,600 792,000 592,000 864,930 664,930 

Local Share 
(Funded by 
Water Sales) 200,000 200,000 200.000 

Total $2,320,000 2,320,000 2,400,000 2,400,000 2,621,000 2,621,000 

Debt Service 
Annual Payment 
Based on 4%, 
30 Year Term 44,275 32,710 45,800 34,235 50,020 38,455 



Current Annual Costs 

Assumptions: 

Annual Water Production 
Project Cost 
WWDC Grant 
Local Share 
WWDC Loan 

Annual Debt Service 
Increase in 0 & M Costs 

Cost Increase caused by Project 

Total Estimated Annual Charges 

Current Cost 

Cost to Deliver Raw Water 
(Debt + increased 0 & M Costs) 

Finished Water Cost (1,000 gal) 

Ratio, New Cost to Current Cost 

Current Monthly Rate 
Projected Monthly Rate 

TABLE 7 

User Charge Impacts 

100 gpm 
Granger only 

$21,800 

14.6 MG 
$2,252,000 
1,508,840 

200,000 
543,160 

32,710 
14,357 

45,767 

$67,567 

$21,800/14.6 MG = $1.49 

$45,767/14.6 MG = $3.13 

$3.13 + 1.49 = $4.62 

4.62/1.49 = 3.10 

$20.00 
$62.00 

500 gpm 
Granger and Little America 

$21,800 

78.1 MG 
$2,400,000 
1,608,000 

200,000 
592,000 

34,235 
29,877 

64,112 

$ 85,912 

N/A 

$ 64,112/78.1 MG = $ 0.82 

$ 0.82 + 1.49 = $2.31 

2.31/1.49 = 1.55 

N/A 
$31.00 



OPERATING PLAN 

The Operating Plan for this pipeline involves several areas; 
daily operations, routine maintenance and maintenance actions 
that occur infrequently. This description of system operation 
assumes that the recommended well field and pipeline are 
implemented. 

Daily Operation 

Daily operation of the system will be controlled from the 
existing Granger Water Treatment Plant building in Granger. The 
Plant operator will place a switch in the "Operate" position when 
he wishes to establish flow in the pipeline. This signal will be 
relayed by radio to the pump station location, and the "high 
service" pumps will start. When pipeline pressure has built up 

to a preset level, the flow control valve installed in the 
Treatment Plant will open gradually, allowing flow into the 
Plant. The well pump(s) will be activated by a level sensor in 
the pump station wetwell. Should the wetwell be drawn down to 

its minimum level, all pumps will stop, and an error signal will 
be transmitted to the treatment plant. 

Routine Maintenance 

Routine maintenance functions include service of the pumps as 

required by the manufacturer. Other routine items will involve 

maintenance of the various va·lves in the system and periodic 
flushing of portions of the pipeline to prevent accumulations of 
debris and sediment. 
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Infrequent Maintenance Actions 

Maintenance actions that occur infrequently include repair of 
pipeline leaks and major maintenance actions like replacing pumps 
or valves. Pipeline leaks are usually detected when water 
appears on the surface in the vicinity of the leak. Another 
method used to detect the presence of leaks involves the use of a 

pressure recording chart. Any sudden, unexplained drop in system 
pressure typically indicates a leak. A general rising trend in 
the system pressure would indicate the need to flush accumulated 
deposits from the pipeline. 
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v . RECOlIIIERDED PLAN 

The recommended course of action for the Town of Granger is to 
pursue implementation of a pipeline and wellfield with an initial 
capacity of 500 gallons per minute (gpm). Total project cost is 
estimated to be $2,400,000 (1992 construction). Key action items 
are summarized below: 

~R RIGH'.rS 

The Town should continue to investigate the availability of water 
rights. Additional water right(s) would complement the Towns 
existing rights and augment existing direct flow rights during 
the winter months. This will be especially important if Little 
America is connected to the Granger water system. 

DBTERHIRE ~R SERVICE AREA 

The Town should identify the water service area. Little America 
must be pressed for a decision before proceeding with this 
project due to the significant impact they would have on the 
Granger system. 

CONSTRUCTION OP THE PROJECT 

The Town should pursue construction of the recommended pipeline 
project to provide residents with a water supply which does not 
operate at the pleasure and convenience of FMC. The governing 
authority needs the ability to control important aspects of 
system operation such as the timing and duration of maintenance 
shutdowns. 
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INVESTIGATE FUNDING OPTIONS 

The Town should continue to investigate funding options for the 

pipeline project. The most apparent solution is to encourage the 

participation of Little America in the pipeline project. With 

the assistance of Little America, no one in Granger or Little 
America pays an unusually high unit rate for water. Water 
supplies for both entities have a much higher availability and 
reliability. Note that Little America should be annexed to 

Granger to avoid problems with Granger's water right. 

Should Little America decide not to participate in the project, 
additional funds should be obtained before continuing with the 
project. This report investigates the potential impact of the 
project without Little America on user charges. The largest 
part of the increased water costs are in the form of debt 

service, raising the water rates by a factor of 3 or 4. This 
places an unacceptable burden on the residents of the Town. 

This report has assumed the maximum grant participation of the 

WWDC and a substantial cash contribution from Granger in 
analyzing the cost implications of the project. Any additional 
funds must be in the form of a grant. 

INTAKE OPTION 

The project should be constructed using the wellfield option for 

a river water intake system.. This option offers significant 

maintenance and operational advantages and also costs less. 

PIPELINE ROUTE 

The pipeline should be constructed parallel to the existing 
right-of-way currently owned by FMC. Advantages associated with 
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this route include the archeological clearance already obtained 
and the ease of access from an existing road. 

PIPELINE SIZE 

The pipe size should be 8 inch diameter. This size accommodates 
all present users of the system, allows for reasonable growth in 

Granger and Little America, and will transport the full direct 
flow water right currently held by Granger. 

PIPELINE FINAL DESIGN 

A competent engineer should be engaged to perform final designs 
for this project. Final design considerations include placement 
of the various pipeline appurtenances like air valves, control 
valves, blow-offs, etc. 

PIPELINE CONTROL 

The pipeline should be controlled from the water treatment plant 
in Granger. Using radio to communicate with the intake site on 
the Green River is economical and reliable. 

ADDITIONAL INVESTIGATIONS 

Final designs should be prepared for this pipeline system after 

additional detailed investigations have been conducted at the 

proposed project site to optimize the well locations and 
diameters. 

Other investigations should be conducted to verify the quantity 
of water used in the service area. In particular, Little 
America's water use characteristics and total volume should be 
identified with some reliability. 
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A complete water hammer analysis should be conducted along the 
length of the pipeline prior to completing the final design. 
This analysis will assist the designer in establishing pressure 
classes of pipe along the entire route, identify any pressure 
control devices like relief valves or surge tanks, and prevent 
damage along existing pipe reaches or at the water treatment. 
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Granger Water Supply Project 

Phase I Report 

PROJECT BACKGROUND 

Granger is a small town located on the western edge of Sweetwater 
county in southwest Wyoming. Established in the late 1800's, 
this community is located on the Union Pacific Railroad and old 
Highway 3D, just off Interstate 80 and about 8 miles from Little 
America, Wyoming. Situated in the heart of the trona mining 
district, Granger provides municipal services to a population 150 
to 200 people. 

Granger presently obtains its water for municipal use from the 
Green River through a pipeline system which is nearly 16 miles in 
total length. See accompanying map. Approximately 8 miles of 
the pipeline system consists of 20 inch steel pipe, and is owned 
by FMC. It was constructed between the FMC plant and the Green 
River in the mid-1960's to provide process water for FMC's plant 
operations. The remaining 8 miles of 8 inch diameter PVC is 
owned by Granger and was constructed in 1978 between the Town and 
the FMC plant site. FMC agreed to allow the Town to use the FMC 
line to bring water from the Green River to Granger, subject to 
certain conditions. One of the limiting conditions ·of this 
agreement is the cancellation clause, which allows FMC to stop 
delivering water with 30 days written notice. 

Recognizing the problem with this cancellation clause, the Town 
of Granger applied to the Wyoming Water Development Commission 
(WWDC) for funds to investigate the feasibility of constructing a 
pipeline and appurtenances from the existing 8 inch pipeline to 
the Green River. After the procurement process, ARIX Corporation 
was selected to perform the study. This report is in partial 
fulfillment of the contract requirements between ARIX Corporation 
and the WWDC. 

OBJECTIVE 

The objective of this study is to consider the feasibility of 
constructing a pumping station on the Green River and conveying 
water to the existing Granger pipeline near the FMC Plant. This 
study will identify a route for the new pipeline, develop cost 
estimates and develop a conceptual design for the proposed 
pipeline. 

PHASES 

This project is separated into two phases. Phase I identifies a 
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preliminary pipeline size and alignment. It also seeks input 
from the public at large about various aspects of the proposed 
project. This document is prepared in support of Phase I 
objectives. 

During Phase II, a Conceptual Design will be developed. This 
design will contain enough detail to permit the development of 
cost estimates which will characterize the scope of the 
construction project anticipated. A separate Phase II report 
will be prepared. 

PREVIOUS WORK 

An "Engineering Feasibility Report," dated October 1978, was 
prepared by Tudor Engineering Company for the Town of Granger. 
In this report, limited discussion is presented regarding the 
need for the project, the preliminary sizing and pipeline 
routing, and financing alternatives. 

In summary, that report indicates that the pipeline should be 8 
inches in diameter and should follow a route adjacent to the 
existing FMC pipeline. It also recommends vertical turbine pumps 
in a 400 square foot pump house "located near the FMC intake." 
It further discusses screen sizes, silt removal options, and a 
design flow rate of 600 gallons per minute. 

DEMOGRAPHIC INFORMATION 

Information about the current population and projected growth 
patterns for the Town of Granger will help in determining the 
amount of water this proposed pipeline will have to convey. 
Accordingly, state, County and local agencies who might have 
population forecasts were contacted. The information they have 
provided is discussed in more detail below. 

Population Estimate of DAFC 

The Division of Research and Statistics of the Department of 
Administration and Fiscal Control (DAFC), state of Wyoming has 
prepared a report titled "Wyoming Population and Employment 
Forecast Report", lOth Edition~ January, 1988. The preface of 
that report discusses recent trends in Wyoming's population, and 
problems encountered with the population model which is 
presented. If additional information is required regarding this 
population projection, the reader should obtain a copy of this 
report. 

In summary, the model predicts that the entire state's population 
will continue to grow for the next 10 years, although at a very 
moderate rate. The population of Sweetwater County is projected 
to grow moderately until 1995, after which time a population 
decrease will occur. 
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The model does not provide specific estimates for the population 
of the town of Granger. Conversation with the report's author, 
Mr. steve Furtney, indicates that there is a method for 
estimating the population of Granger. The first step is to 
determine the ratio of the population of Granger (in the 1980 
census) to the population of the entire County. This ratio, in 
conjunction with the projected county population, is then used to 
predict future populations of Granger. 

Table 1 

DAFC Population Estimate 
Granger, Wyoming 

Year County Population Granger Population 

1980 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 

county Predictions 

41723 
42608 
42782 
42942 
43076 
43198 
43336 
43294 
43232 
43172 

@ .42\ of County Population 
177 
179 
180 
180 
181 
181 
182 
182 
182 
181 

"In 1983, Sweetwater County developed a program for forecasting 
county population ... The forecast model is a part of the 
County's Comprehensive Operational Monitoring and Planning System 
(COMPS). The program is based on annual employment projections 
prepared by the Southwest Wyoming Industrial Association.,,1 
This document was widely published. Using the school enrollment 
numbers for 1988, the Sweetwater County Planning Department set 
Granger's 1988 population at 137. A new population forecast was 
then prepared in draft form, using the substantially smaller 
estimate of the 1988 population as the base. Although not widely 
published, the revised population forecast does consider the most 
recent and reliable population information available.

2 

1"Sweetwater County Population Projections", Sweetwater 
County Planning Department, January, 1987. 

2See Appendix A 
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Table 2 
Population Projection for Granger, Wyoming 

Prepared by 
Sweetwater County Planning Department 

Year 

1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 

"STEP-1 Facilities Plan" 

Projected 
Population 
Base Year 1986 

196 
197 
199 
200 
201 
202 
203 
204 
204 
204 
N/A 
N/A 

Projected 
Population 
Base Year 1988 

137 
139 
139 
139 
139 
139 
140 
140 
140 
141 

A planning document was prepared for Granger in 1976 by Nelson 
Engineering. While specifically intended for use in designing a 
wastewater treatment facility, it does present data on projected 
growth in Granger. This document discusses the factors which may 
affect growth, and develops two projected population figures for 
1995. One of the figures is for a "low-growth" scenario, and the 
other for a "high-growth" scenario. See Figure 1, taken directly 
from that report. 

Both of these projections are for growth which never happened. 
They are presented here as an upper limit for the Granger 
Population. 
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"Population Growth Curve" from: 

"Step-l Facilities Plan for Granger, Wyoming" 
by 

Nelson Engineering, October 1976 
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utility Company Projections 

Conversation with USWest indicated a strong reluctance to release 
data regarding the specific numbers of connections within the 
Town of Granger. After discussion, USWest did provide some trend 
information, which can be used after some modification. 

USWest has connected Granger to the Green River exchange, and has 
projected growth for the entire exchange. They estimate the 
total number of connections will grow by 1.5\ through 1994. Of 
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this growth, 0.5% to 0.7% will be residential connections, with 
the rest of the growth accounted for by business or industrial 
connections. 

The natural gas pipelines which may be constructed in the area 
are expected to impact communities in the southwest corner of the 
state. The "Phone Company" expects that the impact will likely 
be confined to communities at Big Piney, LaBarge, Kemmerer and 
Evanston. Even then, impacts are expected to be temporary in 
nature, with the construction force moving on after actual 
construction of the facilities. 

In order to use this information, it is necessary to determine a 
base or beginning population for Granger. The population is 
assumed to increase each year after the base year by the growth 
factor provided by USWest. Because school enrollment figures are 
readily obtained and were used by Sweetwater County to estimate 
the 1988 population of Granger, this estimate of the current 
population was chosen as the most reliable number to use as a 
base. Since the population of Granger is so small, the 
difference resulting from using a growth factor of 0.5% or 0.7% 
is negligible, consisting primarily of rounding differences. 

Year 

1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 

2009 

Table 3 
utility Company Population Projection 

Granger Population 
At 0.7% annual growth 

137 
138 
138 
139 
140 
140 
141 
142 
1_43 
143 
144 
145 

152 

SUMMARY OF POPULATION DATA 

The projected population for Granger varies considerably, 
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depending on the source of the estimate. Each agency's 
projection was extended to the year 2009 mathematically, using a 
linear extrapolation technique. No economic or industrial 
forces have been identified which would contribute to dramatic 
growth for Granger. The largest projected population for the 
year 2009 was selected as the population to use for predicting 
water demand 20 years from now. 

Table 4 

Summary of Population Projections 
Granger, Wyoming 

Sweetwater 
Year DAFC County utility 

#1 #2 Company 
1980 177 

1990 179 201 139 138 
1991 180 202 139 139 
1992 180 203 139 140 
1993 181 204 139 140 
1994 181 204 140 141 
1995 182 204 140 142 
1996 182 140 143 
1997 182 141 143 
1998 181 144 
1999 145 

2009 177 212 143 152 

PRELIMINARY PIPELINE SIZING DATA 

The size of the pipe to be installed on this project is 
determined by several factors, including: 

o Water use in the town, which is strongly dependent on 
population. 
o Pipe Manufacturer's standard product sizes. 
o The water right which Granger has already established. 

TOWN'S WATER USE 

While the water use in Granger during the winter months is 
consistent with the typical values for towns in the Western 
United States, it may be understated for the summer months. The 
Mayor reports average per capita consumption of 100 gallons per 
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capita per day (gpcd), with peak consumption of 200 gpcd. 3 

Experience with other small towns in southwest Wyoming indicates 
that summer peak water use may be 500 gpcd or even higher. 

The Town is reported to have water meters installed at each 
residence, however the meters are not read on a regular basis, 
since the rate structure consists of a "flat rate" fee, on a 
monthly basis, for water use. It is recommended that the Town 
implement a program of routine meter reading, and that 
information obtained from the meters be incorporated into an 
overall distribution system management plan. The amount of 
metered water is an aid in determining excessive use of water and 
leaks. It is also the "fairest" way of assessing water users for 
their share of system costs. 

The Town has finished water storage which is capable of supplying 
peak hourly flows, therefore an appropriate method for 
determining the size of the pipeline is to use average daily 
flows. Using the population forecasts developed above, we can 
project the amount of water which will have to be delivered to 
Granger 20 years in the future as follows: 

200 (Winter Peak) gpcd X 212 persons = 42,400 gallons per 
day (gpd). 

Assuming a daily delivery time of 10 hours, we calculate: 

42,400 gpd / 10 hours = 4240 gallons per hour (gph) or 
approximately 70 gallons per minute (gpm). 

Similarly, for the anticipated peak summer use: 

500 (Summer Peak) gpcd X 212 persons = 106,000 gpd or 
approximately 175 gpm. 

For the "Ultimate Water Demand" of Granger, use the population 
estimated in the Nelson Engineering report of 576. The 
calculation then becomes: 

500 (Summer Peak) gpcd X 576 persons = 288,000 gpd or 
approximately 480 gpm. 

IMPACT OF ANNEXATIONS 

The size of the pipeline will be influenced by annexations to the 
Town of Granger. Areas which have been mentioned as having 
potential for annexation include the Little America site and 

3 See "Application 
Commission for a Water 
September, 1988. 

to the Wyoming Water Development 
Transmission Line", Town of Granger, 
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Amoco Pipeline site. 

Communication with Little America Representatives suggest that 
their water use may be as much as 300,000 gpd. 4 When combined 
with Granger's use, this translates to 34,000 gph or nearly 570 
gpm during a 10 hour. "day". At the date of this report, no clear 
indication has been received from Little America regarding their 
plans. 

Amoco officials, when contacted about the possibility of 
connecting to the municipal water system strongly indicated that 
they are not interested. After considering the cost of pipeline 
construction, booster pump construction, tap fees, etc., Amoco 
determined that they would continue to haul drinking water from 
other sources. They have well water which they currently use for 
sanitary purposes, as well as for a vehicle wash rack. The 
facility is manned for only 8 hours per day by a total of 15 
personnel, who are not typically at the site the entire day. 
Therefore, facility water use is not large enough to impact the 
design of a raw water delivery system, whether or not a future 
decision is made for Amoco to be connected to the municipal water 
system. 

other outlying areas of Granger may be interested in connecting 
to the town's water supply. Presidio Oil Company has expressed 
some interest, and others may be interested in the future. The 
impact created by connecting one or all of these will increase 
the current water demand and require changes to the treatment 
plant and distribution system. However, the impact on the raw 
water supply line will be negligible. 

WATER RIGHTS 

Communication with Surveyor Scherbel, Ltd, indicates that the 
town has a maximum water right of 2.06 cubic feet per second 
(cfs) or 925 gpm during a 24 hour day. This right consists of 
0.56 cfs, dated November 8, 1978, and 1.5 cfs, dated December 22, 
1908. The 1908 right is limited to the 92 day period between 
June 1 and August 31 of each year, and is not to exceed 276.0 
acre-feet in anyone year. 

Under Wyoming water law, the right to divert water depends in 
part on a determination, by the state Engineer, that facilities 
exist to divert the total amount of the right. This means that 
Granger must construct its pipeline and appurtenances large 
enough to convey its full water right, to avoid placing it in 
jeopardy. 

Surveyor Scherbel has suggested that the Town of Granger apply 

4 

See Memo of Meeting Minutes, ARIX, June IS, 1989. 
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for a new water right on the Green River. This right would have 
a priority date of 1990 or later. This right would be for 1.5 
cfs during the period from September 1 to May 31, and would 
complement existing water rights. Cost for obtaining this water 
right is "nominal, consisting of a $25.00 filing fee, and possibly 
some drafting or other technical assistance. This right would 
only be exercised during the "winter" portion of the year, when 
the water demand from other users on the river system, as well as 
from the users in Granger, is substantially reduced. 

Since the priority date of Fontenelle water is senior to both a 
1990 right and a 1978 right, the possibility exists that there 
will be adequate water in the reservoir, but no water available 
in the river. This could easily occur when the Fontenelle 
Reservoir is being filled from winter flows during dry years. 
Granger may wish to consider the purchase of Fontenelle water in 
a program to insure adequate water supply. Granger would have to 
purchase 819 acre-feet, with the annual cost of the water 
estimated to be $150.00 per acre-foot for a total cost in excess 
of $122,000.00, to complement existing water rights. 

The "best" solution to the water rights issue discussed here is 
likely to be some combination of a direct flow rights, with 1978 
and 1990 or later priority dates, and Fontenelle reservoir water. 
The specific amount of water derived from each source will depend 
largely on the arrangements that Granger can make to pay for the 
incurred costs. 

SELECTED PIPE SIZE 

Table 5 is a summary of the impact of the various factors listed 
above on the quantity of raw water that must be delivered by the 
Granger Municipal water supply system. The largest factor is the 
water right, with 925 gpm flow rate required. 

SPECIAL NOTE 

The capability of the water treatment plant to process the raw 
water delivered through this pipeline has not been considered in 
Phase I of this study. Limiteq investigation will be conducted 
into treatment plant capacity during Phase II. Improvements to 
treatment plants to modernize or increase capacity have 
traditionally been excluded from Water Development Commission 
(WWDC) funding. This study specifically and intentionally has 
not considered the impact on the treatment plant because of the 
WWDC policy_ 
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Table 5 
Summary of Water Flow Rates 

Granger, Wyoming 

Condition 

Granger, with projected growth 
to 212 persons. 

Granger, Summer time Peak use. 

Granger, with delivery of 
water to Little America. 

Delivery of entire water right 
to the Town Treatment Plant 

MANUFACTURER'S STANDARD SIZES 

Flow Rate 

70 gpm. 

175 gpm. 

570 gpm. 

925 gpm 

Cost effectiveness is obtained by using pipe which is 
manufactured in one of several standard sizes. While smaller 
pipe sizes usually translate to the smaller cost, they also 
require more pumping energy to overcome head loss. Therefore, 
the actual selection of pipe sizes is frequently a compromise 
between pumping costs and the capital cost of the pipe. A 
compromise which has worked well in the past is to design the 
pipeline to maintain a water flow velocity in the range of 2 to 6 
feet per second. From pipe manufacturer's data, it can be shown 
that 8, 10, or 12 inch diameter pipe will deliver 925 gpm at 
velocities in the range of 2-6 feet per second. 

The daily operation of this pipeline will not require the 
pipeline to deliver the full 925 gpm until some time in the 
future. The daily flow in the pipeline will typically be limited 
by the water treatment plant capacity_ Although this capacity is 
not presently well known, it is reported to be in the range of 
70-100 gpm. At this rate of flow, head loss due to friction in 
any of the sizes listed above is minimal. The actual head loss 
in an 8 inch pipe delivering 100 gpm, calculated with a Hazen
Williams "C" factor of 140, is approximately 0.2 feet of lost 
head per thousand feet of pipe. The anticipated flow velocity is 
approximately 0.6 feet per second. This will require that 
periodic "flushing" of the pipeline be performed to remove 
sediment in the pipe. 

The future requirements of the line to deliver 925 gpm will 
require additional pumping facilities. As flows in the pipeline 
approach 6 feet per second, the headloss becomes very high. To 
compensate, larger pumps should be installed at the pump station, 
and additional pumping stations should be installed at 
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intermediate points along the pipeline. 

The nominal 8 inch diameter pipe size should be installed in this 
pipeline. This provides a reasonable compromise between the 
requirements of the average daily operation of the line (in the 
range of 100 gpm) and the ultimate future requirement of the line 
(925 gpm). The 8 inch size will help reduce overall project 
capital cost, while providing reasonable daily service and allow 
for future growth in water demand, up to the full water right. 

ALTERNATIVE ROUTE EVALUATIONS 

This pipeline will traverse an area which is affected by the land 
grants given by the United states Government to the railroad when 
it was originally constructed in the area. This resulted in a 
"checkerboard" pattern of lands owned by the Federal government, 
State government and the railroad, with individual parcels 
typically consisting of one full section (640 Acres) in size. 

OWNERSHIP HAP 

The ownership of the entire area of interest has been examined by 
Surveyor Scherbel, Ltd. An investigation into the fee holder of 
all lands likely to be crossed by the pipeline was conducted, and 
the results printed on the accompanying map. 

The majority of the government land along the proposed pipeline 
route is under control of the Department of the Interior, Bureau 
of Land Management (BLM). When contacted, the BLM representative 
indicated that there are a significant number of cultural 
resources throughout the general area. Before any rights of way 
can be granted for pipelines and appurtenances across BLM land, 
an archeological review must be completed, and an appropriate 
mitigation plan developed. This process of mitigation will be 
greatly simplified if the proposed route is kept "as close as 
possible to previously disturbed areas" such as existing 
pipelines, railroads, highways etc. 

5 

The FMC plant currently holds a right of way for multiple 
pipelines in the general area of interest. Because their 
expansion plans are not known at this time, it is good design 
practice to anticipate that FMC will wish to widen their right of 
way at some future date. The typical pipeline right of way in 
this area is 50 feet wide, and this should be the smallest 
distance, edge to edge, which the proposed Granger right of way 
should approach FMC's existing rights of way. 

Upon considering the above limitations, two possible routes were 

5Telephone Conversation, Mr. Mike Truden, June 23, 1989. 
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identified. Each of these alternates is discussed in more detail 
below. 

FMC PIPELINE ROUTE 

The first is to parallel the existing FMC right of way from the 
plant to the Green River. Paralleling the existing FMC pipeline 
for its entire length is the most direct and the shortest route 
from any proposed connection point on the existing Granger 
pipeline to the Green River. 

Advantages 

It is close enough to "disturbed areas" that the chance of 
encountering significant cultural resources is substantially 
reduced. Presuming that a suitable agreement for use can be 
arranged, the Town can use the existing access road to service 
the pipeline and its own pump station. Using this option will 
mean that the pump station should be constructed in the near 
vicinity of FMC's pump station. Since electric power already 
exists, the cost of providing electric service to a new pump 
station is substantially reduced. 

Disadvantages 

This route will require two crossings of the same railroad spur 
line. This crossing will be performed by boring under the rails, 
and is much more expensive than "open cut" methods of pipe 
installation. Typical prices for pipe installed by boring have 
been in the range of $120-150 per linear foot. This is compared 
to installed prices of $20-25 per foot for conventional cut and 
cover pipe installation methods. 

RAILROAD ROUTE 

The second route would parallel the existing right of way, until 
it intersects the railroad in Township 20 North, Range 109 West, 
Section 31. See accompanying map. Instead of crossing the rail 
line, the pipeline would then parallel the rail right of way to 
the west and north until the proposed pipeline intersects the FMC 
pipeline, when the route would again parallel the FMC route. 

Advantages 

This route reduces by 2 the number of utility "bores" which must 
be constructed. A "bore" is a method of crossing roads or 
railroads using a tunneling machine. This method allows a pipe 
to be installed without closing the road to its users. It also 
avoids the problems associated with patching of the road or 
railroad surface, and the resulting maintenance that inevitably 
results. Installing pipe in utility bores is very expensive, 
typically costing 10 times as much, per foot of pipe, as the more 

13 



common "cut and cover" method. 

Another advantage this route has is the reduced pumping head 
which is required for the pipeline. Preliminary investigation 
indicates that this route will require about 55 feet less in 
static pumping head. 

Disadvantages 

The significant disadvantage of this routing option is the 
increased pipe length which it requires. Using only large scale 
mapping of the area, the pipe length would increase by 
approximately 1,700 feet. A second disadvantage of this route 
is the increased length of pipeline which is routed across land 
under BLM control. This increases the risk of encountering sites 
of cultural interest, with the attendant increase in project 
costs which result from the requirement for mitigation of such 
sites. 

RIVER INTAKE AND PUMPING PLANT LOCATION 

Two sites were considered for the location of the River Intakes 
and Pumping Plant. The first site is immediately adjacent to the 
existing FMC Pumping station. Its advantages include ready 
access from the FMC access road and proximity to electric power. 

The significant disadvantage of this site is the apparent lack of 
gravel or other alluvial deposits. On a recent visit to the 
site, there did not appear to be any material at this location 
which would be suitable for the construction of a "well field" 
intake system. 

The second site is located up the Green River about 1/2 mile. No 
site visit has been conducted. This site was selected based on 
its proximity to a "gravel pit" symbol identified on the United 
states Geologic Survey (USGS) quadrangle map titled "Stevens 
Flat". This would tend to indicate the possibility of a suitable 
alluvial deposit which may developed for a "well field" style of 
river intake. 

This site is disadvantaged by its distance from electric service. 
Also, some additional pipe which would be required to construct 
this alternative, although the amount is unknown at this time. 

The choice of pumping station location will be simplified during 
Phase II of this study_ A geotechnical evaluation of the site 
will be conducted during that phase, and the suitability of the 
~>ite can be determined at that time. For the purpose of this 
Phase I report, the most remote site was chosen. Cost estimates 
were developed for different pipeline route options, but only one 
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pumping station location was considered. 

PRELIMINARY COST ESTIMATES 

Preliminary Projec~ cost estimates have been developed. It must 
be emphasized that these cost estimates are preliminary in 
nature, and are intended to be high. Upon completion of the 
"conceptual design" required by Phase II of this study, 
sufficient detail will exist to allow a much better definition of 
project costs. 

The general method used to develop project costs consisted of 
developing cost estimates for each of three options for pumping 
plant construction. The most expensive option was then carried 
over, as a single line item, to a new cost estimate for the 
project itself. A "reasonable but high" estimate of unit costs 
was used throughout the estimating procedure. This is an 
appropriate procedure to use due to the uncertainty which 
presently exists regarding the exact location and configuration 
of the pipeline and other aspects of the project. 

Cost Estimate 
Pump Station and Infiltration Gallery 

Estimated Unit 
ITEM Description Quantity Unit Price Total 

1. Access Road 2,200 LF 20 44,000 
2 . Infiltration Gallery 1 LS 150,000 150,000 
3. High Service Pumps 1 LS 50,000 50,000 
4 . Building 1 LS 20,000 20,000 
5. Electric Service 1 LS 25,000 25,000 
6. Telemetry and Controls 1 LS 25,000 25,000 
7. Site Work 1 LS 30,000 30,000 

Total $ 344,000 
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Cost Estimate 
Pump Station and Well Field 

Estimated Unit 
ITEM Description Quantity Unit Price Total 

1. Access Road 2,200 LF 20 44,000 
2. Well Construction 4 EA 30,000 120,000 
3. Interconnecting Piping 2,000 LF 30 60,000 
4. Pumps 4 LS 15,000 60,000 
5. Site Improvements 1 LS 15,000 15,000 
6. Electric Service 1 LS 25,000 25,000 
7. Telemetry and Controls 1 LS 25,000 25,000 

Total $ 349,000 

Cost Estimate 
Pump Station and Surface Intake 

Estimated Unit 
ITEM Description Quantity Unit Price Total 

1. Access Road 2,200 LF 20 44,000 
2. Intake Construction 1 EA 25,000 25,000 
3. Low Service Pumps 1 LS 50,000 50,000 
4. High Service Pumps 1 LS 50,000 50,000 
5. Building 1 LS 20,000 20,000 
6 • Electric Service 1 LS 25,000 25,000 
7. Telemetry and Controls 1 LS 25,000 25,000 
8 . Sedimentation Bas ins 2 EA 30,000 60,000 
9 . Site Work 1 LS 30,000 30,000 

Total $ 329,000 

Since the cost is estimated to be the highest for the well field 
option, the rest of the project costs were structured around the 
$349,000 cost of constructing a well field. The unit cost of 
water line pipe includes an allowance for acquisition of land 
rights-of-way. Right of way acquisition cost is not expected to 
be a significant portion of this project, however recent Granger 
experience suggests that lease costs for pipelines can increase 
substantially in a short period of time. Total project 
construction cost includes a contingency of 15%, which is 
intended to account for the minor project items which have not 
been specifically identified elsewhere. 
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Cost Estimate 
Pipeline, Railroad Route 

ITEM Description 
Estimated 
Quantity Unit 

1. Mobilization/Demobilization 
2. Connect to Exist Pipeline 
3. Mise Pipeline Appurtenances 

Including Air/Vacuum Valves, 
Blowoffs, Markers, etc. 

4. Pipe, Installed 
5. River Intake & Pump Station 
6. Boring 

Construction Contingency @ 15% 

Construction Total 
Engineering, Design @ 8% 

1 
1 

1 
45,900 

1 
1 

Engineering, Construction Services @ 10% 

EA 
EA 

LS 
LF 
LS 
EA 

Cost Estimate 
Pipeline, FMC Route 

ITEM Description 
Estimated 
Quantity Unit 

1. Mobilization/Demobilization 
2. Connect to Exist Pipeline 
3. Misc Pipeline Appurtenances 

Including Air/Vacuum Valves, 
Blowoffs, Markers, etc. 

4. Pipe, Installed 
5. River Intake & Pump Station 
6. Boring 

Construction Contingency @ 15% 

Construction Total 
Engineering, Design @ 8% 

1 
1 

1 

44,200 
1 
3 

Engineering, Construction Services @ 10% 

EA 
EA 

LS 

LF 
LS 
EA 

Unit 
Price 

40,000 
5,000 

60,000 
25 

349,000 
12,000 

SubTotal 

Unit 
Price 

40,000 
5,000 

60,000 

25 
349,000 
12,000 

SubTotal 

TOTAL 

$ 

$ 

Total 

40,000 
5,000 

60,000 
1,147,500 

349,000 
12,000 

1,613,500 
242,025 

1,855,525 
148,442 
185,553 

2,189,520 

Total 

40,000 
5,000 

60,000 

1,105,000 
349,000 
36,000 

1,595,000 
239,250 

1,834,250 
146,740 

~3,42_~_ 

2,164,41S 
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In order to compare the two routes identified above, the reduced 
operating cost of the "Railroad" route must be considered. The 
cost reduction is due to the reduced pumping "head", which is a 
measure of the amount of pressure the pumps must produce. This 
route is approximately 55 feet lower at its maximum elevation 
than the FMC route. In order to assess the impact of this 
reduced head, an estimate of the total amount of water pumped 
during a year is first derived. 

Based on an assumed population of 200 and using an average per 
capita consumption of 100 gallons per capita per day for the 
winter months and 500 gpcd for the three months of June, July and 
August, it is possible to calculate an annual water consumption 
of 15.5 million gallons. Using a power cost of $0.065 per 
kilowatt-hour, this translates to an annual savings of $428. 
Using the "present worth" method for calculating the time value 
of money and an interest rate of 4.0\ for 20 years, it can be 
shown that this translates to a present worth (savings) of 
$5,810.00. This amount should be subtracted from the total 
project cost of the Railroad route. This will then allow a 
comparison of the "present worth value" of each project, and the 
project with the lowest present worth is the most favorable 
project to the owner. On this basis, the FMC route is still the 
most cost effective alternative. 

SUMMARY 

This study has examined population trends in Granger, Wyoming. 
From these trends, an estimate of the demand for water 20 years 
in the future (i.e. 2009) was developed. This was then compared 
with the water demand resulting from the connection of Little 
America to the system. One other option was considered, that of 
the "ultimate population" of Granger. It was shown that the 
water right is the largest expected amount of water which will 
flow in the pipeline, and therefore the water right becomes the 
design condition for the pipeline. A preliminary pipeline size 
was determined, based on a compromise between the water right and 
other engineering considerations. 

Two possible routes for the pipeline were analyzed in some 
detail, considering several factors which influence pipeline 
location. Some of the factors considered include: 

- Location of connection points. 
-- Pipeline pressure or "head". 

The number of utility crossings. 
- The total cost of the project. 

18 



RECOMMENDATIONS 

ARIX Corporation makes the following recommendations: 

1. A program of routine water meter reading should 
be implemented and incorporated into routine water 
distribution system maintenance. 

2. A "complementary" water right for 1.5 cfs, for 
the period between September 1 and May 31 should be 
immediately procured. 

3. The proposed pipeline should be designed to 
convey the full water right currently held by the 
Town of Granger. This means the design number for 
the pipeline low capacity is 2.06 cfs or 925 gpm. 

4. The proposed pipeline should be constructed from 
a suitable pipe material with a nominal diameter of 8 
inches. This represents a compromise between the 
present and future flow requirement. Note: to meet 
the future flow requirement, additional pumps must be 
installed at the river, and additional pump stations 
along the pipeline may also be required. 

5. The route for the pipeline should be parallel to 
and alongside the existing right-of-way held by FMC 
for its water line(s). 

6. The pumping station location, which can only be 
determined after suitable geotechnical investigation, 
should be as close as possible to the existing FMC 
pumping station. 

7. The WWDC and the Town of Granger should provide 
ARIX Corporation with written authorization to 
proceed with Phase II of this study to: 

identify a pumping- station location. 

- develop a conceptual design. 

- develop construction cost estimates . 

. - develop funding recommendations. 
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Selected Information Provided by: 

S~eetwater County Planning Department 



Planning 

(307) 382·8596 
875·7602 

SWEETWATER COUNTY PLANNING DEPARTMENT 
80 WEST FLAMING GORGE WAY 

GREEN RIVER, WYOMING 82935 

PREFACE 

Zoning 

(307) 362·7870 Ext. 270 
875·2611 Ext. 270 

In 1983, Sweet~ter County developed a program for forecasting county 
population, employrrent, average salary, household income, housing needs, 
and school enrollrrent. TIle forecast nude I is a part of the County's 
Canprehens ive Ope rat ional Moni tor ing and Planning Systan (~PS). The 
program is based on annual mployrrent projections prepared by the South
~st wyoming Industrial Association. 

The infonnation in this report includes a current output of the 
forecast model using 1986 as Base Year and projecting through 1995. 
Also included is a technical rranorandum explaining the methodology and 
figures used V\h i ch resu I ted in the pro j ect ions. 

These project ions are purposefully conservat ive! Althoug1 adjust:rrents 
in the coefficients '¥\ere done, no attffil)t WlS made to inflate total pop
ulation figures. Indeed, several assunptions should be noted fran the 
ori~linal project ions by S.W.I.A. 's mermrandun dated Novanber 20, 1986, 
v.h ich are as fol lows: 

1 ) 

2) 

3) 

4) 

The projections presented represent only those of the Associa
t ions's manbers, excluding those of any other canpanies \\hose 
activities may contribute to growth • 

./ 
111e projections cannot take into account unanticipated changes 
in or additions to existing governmental regulations at the 
federal or state levels. 

The project ions cannot reflect changes, hOYvever unl ikely, in 
the overall econOOlic si tuat ion v\hich could increase or de
crease the demand for the canpanies ' products to the extent 
that employment plans would change. 

Lastly, the projections cannot with certainty reflect the 
effects of changes in technology or the di scovery of new 
resources here or els~1ere, either of which could change 
bus i ness plans and anp I oytrent • 

A 00 rd 0 f cau t ion - THE FDHECAST MJDEL IS A TREND ANAL YS I 5 TOOL 
VvH I()-t VI E\\5 1l1E ffiJNlY AS A "HOLE. TIlE DISTRIBlJfION OF PROJECfED POP
ULATION BY MUNICIPALllY IS BASH) OOTII ON 1980 CENSUS INFORAATION AND ON 
EST I MATED CUHRENT OCQJP I 8) HOUS I NG UN ITS. 
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PREFACE - roPULA T ION rROJ ECf I ON 

The rrodel is rraintained on the Planning Department's canputer. If 
you wish to see the results of an output based on different assumptions 
about employrrent totals, population distribution, or projection coefficients, 
please feel free to contact our office ~~nday-Friday, 9 A.M.-5 P.M. (382-8596 
or 875-7602), and ask for Steven M. Watson, Director, Planning and Technical 
Services. 

The County wi shes to extend its appreciat ion to the SouUlNest YIyOOling 
Industrial Association for their assistance in compiling the necessary 
data used in these projections. 

We al so wi sh to acknowledge the efforts of Planning Department staff 
\\ho have taken part in this project. 

ro~1PS710 
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SWEETWATER COUNTY COMPS MODEL 

Table 4. Population 

=============================================================================================================================:~ 

Base Year Year Year Year Year '(ear Year Year Year 
POPULAT I Ot~ Year 1 2 ~ 4 I:' 6 7 8 9 ,) J 

1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 
-------------------------------------------------------------------------------------------------------------------------------

Granger 196 197 199 200 201 202 203 204 204 204 
Green River 14722 14798 14960 15047 15113 15185 15251 15296 15328 15343 
G.R.N.D. 176S 1774 1794 1804 1812 1821 1829 1834 1838 1840 
Li t tl e Aler i c a 98 99 100 100 101 101 102 102 102 102 
G.R.S.D. 196 197 199 200 201 202 203 204 204 204 
Rock Springs 22797 22914 23165 23300 23401 23512 23615 23684 23735 23758 
Superior 392 394 399 401 403 405 406 408 408 409 
R.S.N.D. 4658 4682 4733 4761 4782 4804 4825 4839 4850 4855 
Eden-Farson 343 345 349 351 352 354 356 357 357 358 
Point of Rocks 196 197 199 200 201 202 203 204 204 204 
R.S.S.D. 245 24b 249 251 "1:''' "1:''7 254 255 255 256 i.J.L J..J.J 

Bairoil 368 370 374 370 377 379 381 382 383 383 
Walsutter 270 271 274 276 277 278 279 280 281 281 
W.N.D. 490 493 498 501 503 506 508 509 511 511 

-------- -------- -------- -------- -------- -------- -------- -------- -------- --------

TOTAL 46736 46977 47492 47768 47976 48204 48415 48558 48660 48708 

E~ploYient Furecasts! 12.1.86 Recalculate 'Basic to local efip}oYient - peri' ratio? n 

Projection Coefficients: 12.1.S6a Distribution coefficients: 12.1.86 
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SWEETWATER COUNTY SWEF MODEL 

Granger 477 171'1 139 139 pn 139 140 140 140 141 1,)( ,.)1 ,)1 

Green River 1316b 13297 13283 13336 13319 13330 13389 13415 13444 13484 
G.R.N.D. 1650 lbbb 16M 1671 1669 1670 ·1b78 1681 1b84 1689 
Li ttle A.erica 92 93 92 93 n 93 93 93 94 94 
G.R.S.D. 183 185 185 lab 185 tQ' wO lab 187 IS7 ISS 
Rock Springs 21498 21712 21b89 21775 21747 217M 21862 21905 21951 22017 
Superior 367 370 370 371 371 371 373 374 374 375 
R.S.N.D. A71:7 

.,~..s~ 4397 4392 4409 4404 4407 4427 J,." .,.,...,0 4445 A u:n 
.,.,.10 

Eden-Farson 321 324 324 325 7,\' 
.).("' 

7'1J: 
.. )/ • .1 326 327 328 328 

Point of Rocks 183 185 185 ISb IS5 186 lab IS7 187 IS8 
R.S.S.D. 229 231 231 232 232 232 233 233 234 27r 

,).1 

Bairoil 367 370 370 371 371 371 373 374 374 375 
Walsutter 275 278 277 278 278 278 280 280 281 282 
W.N.D. 458 463 462 40.4 464 4b4 406 467 4b8 4b9 

-------- -------- -------- -------- -------- -------- -------- -------- -------- --------

TOTAL 43279 43710 43063 43836 43781 43818 44012 44099 44191 44323 

-------------------------------------------------------------------------~---~~~---------------------------------------
E.ployeent Forecasts: 12.14.87 Recalculate 'Basic to local "PI~tiO? n 

Projection Coefficients: 12.14.87 Distribution coefficients: 12.14.87 
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Job No. 547789 

GEOTECHNICAL INVESTIGATION 
GRANGER WATER PROJECT 

GRANGER, WYOMING 

Prepared For: 

ARIX Corporation 
877 North 8th West, suite #8 

Riverton, Wyoming 82501 

Attn: Mr. Robert J. Lebeda 

October 31, 1989 



Chen~N0I111CTn. Inc 

ARIX Corporation 
877 North 8th West, suite #8 
Riverton, Wyoming 82501 

Attention: Mr. Robert J. Lebeda, P.E. 

Subject: GeGtechnical Investigatic~ 
Granger Water Project 
G~anger, Wyoming 
Project No.: 5-477-89 

Gentlemen: 

october 31, 1989 

At your request, we have investigated the subsurface 
foundation and subgrade soil conditions at the site of a proposed 
pump station and along the route of a proposed water supply line 
extending from the Green River to near Granger, Wyoming. 

We have discussed our findings and recommendations with you 
in preparation of the report. Foundation conditions at the pump 
station site indicate that footing foundations are feasible for 
light to moderate structural loads. Excavations deeper than 
approximately 8 feet are expected to required dewatering. 

Along the waterline route, excavation is generally expected 
to be easy, except at isolated locations, where dense gravel and 
well cemented bedrock will be difficult to excavate. 

The report which follows describes in detail our 
investigations, summarizes our findings, and presents our 
recommendations. Field resistivity testing is in progress and 
results will be forwarded shortly. 

It is important that we provide consultation during design and 
field services during construction to review and monitor the 
implementation of the geotechnical recommendations. 

If you have any questions regarding this report, please 
contact us. 

JEN/cs 
(10 copies required) 
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PURPOSE AND SCOPE OF STUDY 

This report presents the results of a "Level II" subsurface 

study for a proposed water supply pipeline and pump station. The 

project site is shown on Figure 1. It begins approximately two 

miles north of Granger, Wyoming and extends about 8 miles in a 

northeasterly direction to the Green River. The purpose of the 

study is to identify subsoil conditions along the water pipeline 

route and identify the foundation conditions in the vicinity of the 

proposed pump station. This investigation was conducted in 

accordance with our proposal dated June 29, 1989. 

This report has been prepared to summarize the data obtained 

during this study and to present our conclusions and preliminary 

recommendations based on the proposed construction and the 

subsurface conditions encountered. Design parameters and a 

discussion of geotechnical engineering considerations related to 

construction are included in the report. 

PROPOSED CONSTRUCTION 

The wa1:er supply project is anticipated to consist of a 

pipeline approximately 8 inches in diameter, to extend from the 

existing water supply line a distance of approximately 8 miles to 

the banks of the Green River, where a pump station is proposed for 

construction. The pump station is anticipated to be a small 

concrete block or wood frame structure with light loading 

conditions. Equipment loads are expected to consist of pumping 

units supported on the floor slab and a deep well may also be 
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constructed. Along the pipeline route, two crossings of the Union 

Pacific Railroad will occur and one crossing with Highway 372; in 

addition, the pipeline will cross the Black's Fork River. 

If loadings, locations or conditions are significantly 

different from those described above, we should be notified to 

reevaluate the recommendations contained in this report. 

FIELD EXPLORATIONS 

The field exploration was performed on August 29 and 30, 1989. 

Eighteen test pits were excavated at the locations shown on Figure 

1 to explore subsurface conditions. Test pits were excavated using 

a Case 580D backhoe. Bulk samples were obtained of the excavated 

materials along with ring lined split-barrel samples pushed into 

the soils with the backhoe bucket. Groundwater conditions were 

observed and reported where water was encountered. Test pit 

locations were determined from vehicle odometer readings along the 

proposed alignment. Elevations were not estimated. The test pits 

were logged by a representative of Chen-Northern, Inc. 

Field resistivity measurements were obtained at nine test pit 

locations using a four probe Werner method in general accordance 

with ASTM G-S7. At each location probe spacings were varied from 

two to ten feet to show variations with depth. The probe spacing 

is equal to the depth to which the resistivity is measured. The 

results of these measurements are included on Table II. 
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LABORATORY TESTING 

Samples obtained during the field exploration were taken to 

the laboratory where they were observed and visually classified in 

accordance with ASTM 02487, which is based on the Unified Soil 

Classification System. Representative samples were selected for 

testing to determine the engineering and physical properties of the 

soils in genera. accordance with ASTM or other appraved procedures. 

Tests Conducted 

Grain-size Distribution 

Atterberg Limits 

Natural Moisture Content 

Natural Dry Density 

Unconfined Compression 

Sulfate Content 

To Determine: 

Size and distribution of soil 
particles; that is, clay, silt 
sand and gravel. 

A method of describing the 
effect of varying water con
tent on the consistency of fine
grained soils. 

Moisture content representative 
conditions at the time samples 
were taken. 

Dry unit weight of samples, 
representative of in place 
conditions. 

General soil strength 
properties. 

Potential of soil to deteriorate 
normal strength concrete. 

Results of all field and laboratory tests are summarized on 

the enclosed figures and tables. These data, along with the field 

information, were used to prepare the test pit logs shown on 

Figures 2 and 3. 
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SITE CONDITIONS 

The project site begins at the end of the existing Granger 

water Supply Line with station 0+00. It traverses the Black's Fork 

River valley a distance of approximately 6, 000 feet to Station 

60+00. Within this segment, vegetation consists of various 

grasses, sagebrush and scattered small trees. The topography is 

relatively flat. 

Beginning near station 60+00, the pipeline route traverses 

gently sloping range land, which contains sparse grasses and 

sagebrush. These surface conditions continue on to near station 

280+00. within this segment the first crossing the of Union 

Pacific Railroad occurs near station 261+00. 

Beginning at about station 280+00 to about station 427+00, the 

pipeline route crosses two terraces above the Green River valley. 

These terraces consist of wide benches separated by relatively 

steep slopes. within this segment, the pipeline crosses Highway 

372+00 near Station 344+00 and the Union Pacific Railroad near 

Station 359+00. 

Between about station 427+00 and the pipeline terminus at 

station 442+00, the pipeline route is descending the final terrace 

slope into the Green River valley. The pump station location is 

situated just a short distance above the valley floor level. 

SUBSURFACE CONDITIONS 

The subsurface profiles encountered along the waterline route 

and pump station area can be characterized into four different 

types of profiles as described in the following paragraphs. 
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Green River Terrace Deposits 

The next segment of the alignment, approximately between 

stations 280+00 and 427+00, traverse two benches as the alignment 

approaches the Green River. Profiles encountered within this 

segment typically consist of sands and gravels, overlying bedrock 

or colluvial soil. In general the profiles consist of between 4 

to 8 feet of silty and clayey sands with silty and clayey gr~vels. 

These materials are characterized as loose to medium dense and 

generally have low moisture contents. Beneath the sands and 

gravels, either clay or bedrock is encountered. The underlying 

clays are typically moist with moderate to high plasticity. The 

soluble sulfate content for a sample of the clay at TP-3 indicates 

the concentration to be within the range considered suitable for 

normal strength concrete. Bedrock was encountered at Test pits 2 

and 3. In Test pit 3, refusal to penetration with the backhoe 

occurred after only about one-half foot penetration into the rock. 

Backhoe refusal also occurred in Test pit 5 in the terrace gravels 

at a depth of about 8 feet. 

Green River Alluvium 

The last segment of the alignment approximately between 

stations 427+00 and 442+00, is in the Green River valley. Test pit 

1 characterizes the subsurface profile within this segment. It 

consists of interbedded silty sands and sandy silts with thin 

gravel layers. These materials are loose to medium dense and a 

water level was encountered at approximately 8 feet. The soluble 

sulfate content for a sample of the sand indicates the 
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concentration to be within the range considered suitable for normal 

strength concrete. 

Groundwater 

The subsurface water levels encountered within the test pits 

were measured at the time of the field exploration. 

Numerous factors contribute to fluctuations, and evaluation 

of &uch factors is beyond the scope of this report. 

We expect the water level close to the Blacks Fork and Green 

Rivers are likely to fluctuate in direct response to changes in the 

river level. 

ENGINEERING ANALYSIS 

Excavation 

The excavation characteristics can be described as two 

different categories, river valley alluvium and upland deposits. 

River valley alluvium is encountered within two segments, the 

first between station 0+00 and Station 60+00 and the second between 

station 427+00 and 442+00. Within these segments, loose soil 

conditions with groundwater between depths of about 6.5 to 8 feet 

are typical. For these types of conditions, relatively flat 

excavation slopes are generally required and dewatering is 

necessary for excavations extending below the water level. 

Excavation stability can be improved by dewatering from outside the 

excavation limits in order to lower the water level below the depth 

of planned excavation. Some of the excavated material is expected 

to be too wet for use as trench backfill. with the exception of 
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these high moisture content soils, the remaining excavated 

materials are considered suitable for trench backfill. 

Between station 60+00 and station 427+00, upland deposits are 

expected to be encountered. These materials consist of a variety 

of sands, gravels, clays and bedrock. In general, the soils are 

expected to be excavatable with normal trenching equipment, 

how~ver, some locations containing cemented gravel may be 

encountered which will create difficult excavation conditions. 

Where the bedrock is encountered, excavation with small backhoes 

can be difficult and refusal may be encountered. Such locations 

are expected to require the use of heavy duty excavation equipment 

including a ripper tooth or hydraulic demolition tool. The 

materials within this segment of the alignment typically have low 

moisture content and may require moisture conditioning in order to 

facilitate compaction. The materials are considered suitable for 

reuse as trench backfill, provided that well cemented rock 

fragments and gravels greater than about 3 inches are removed. 

Pump station 

The materials encountered at the pump station consist of 

alluvial sands with gravels. These soils are considered to be 

loose to medium dense. Our experience with similar materials 

indicate that structural loads can generally be supported on 

conventional footing foundations in these types of soils. 

Allowable bearing pressures for design purposes are typically in 

the range of about 1,500 to 2,000 psf. 

Pump stations often incorporate a deep well underneath part 
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of the structure. If a deep well is considered at this site, 

excavation below about 8 feet is likely to encounter groundwater. 

Dewatering from outside the excavation limits is desirable in order 

to maintain slope stability. 

WATER SOLUBLE SULFATES 

The concentration of water soluble sulfates measured in 

samples obtained from the test pits ranges from less than .1 

percent to approximately 1.32 percent (see Figures 2, 3, and Table 

I) . This concentration of water soluble sulfates represents a 

negligible to severe, degree of sulfate attach on concrete exposed 

to these materials. the degree of attach is based on a range of 

negligible, positive, severe and very severe as presented in the 

U.s. Bureau of Reclamation Concrete Manual. 

SOIL RESISTIVITY 

The soil resistivity to electrical currents as measured in the 

field varies from 527 to 56,493 ohm-em (See Table II). The 

potential corrosive environment for buried ductile iron pipe is 

estimated from the following table: 

SOIL RESISTIVITY CLASSIFICATION: 

Resistivity - ohm~cm 

a - 2000 
2000 - 5000 

5000 -.10,000 
10,000 - 25,000 
Over 25,000 

Category 

Very Corrosive 
Corrosive" 
Moderately corrosive 
Mildly Corrosive 
Progressively less corrosive 
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RECOMMENDATIONS 

(1) Anticipate dewatering trench and deep well excavations between 

stations 0+00 to 60+00 and 427+00 to 442+00. It is 

anticipated that the most effective method of dewatering will 

be sump pumping from locations within the excavation. 

(2) The dewatering system should be designed to prevent the 

removal or erosicn of the natural soils by seepage or piping. 

If this cannot be prevented by a sump system, then dewatering 

should be accomplished by means of wells or deep sumps located 

outside the excavation limits. 

(3) The water level should be maintained well below the excavation 

bottom. 

(4) Dewatering needs to be accomplished such that the density and 

integrity of the foundation soils are maintained, and that 

support of the proposed water line is not compromised. 

(5) We recommend that the proposed dewatering plan be reviewed by 

an engineer familiar with the subsoil conditions prior to 

excavation. 

(6) Anticipate material excavated from below the water level to 

be too wet to reuse as trench backfill, unless processed to 

reduce the moisture content. 

(7) Between station 60+00 and 427+00, anticipate occasional 

segments of difficult excavation requiring a large backhoe, 

possibly equipped with a ripper tooth or hydraulic demolition 

tool. 
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(8) Well cemented rock fragments and gravels greater than 3 inches 

in size should be excluded from use as trench backfill. 

Excavation Slopes 

(9) While it is the responsibility of the contractor to provide 

safe working conditions in connection with excavations, the 

fcllowing g~idelines are provided for planning purposes. 

a. Temporary excavations deeper than 4 f~et, ~~ere 

dewatering is not required should be no steeper than 1:1 

(horizontal to vertical) or be shored. 

b. Excavations deeper than 4 feet where dewatering from 

within the excavation limits is performed should be no 

steeper than 2:1 (horizontal to vertical) or be shored. 

c. If dewatering is accomplished outside the excavation 

limits, trench slopes should be no steeper than 1.5:1. 

d. In lieu of shoring, a trench box may be considered. 

(10) Pipe bedding requirements may depend on the type of pipe 

selected and the design criteria for the pipe. Bedding 

materials should be placed on undisturbed natural soils. If 

natural bearing soils are disturbed, the disturbed soils 

should be removed and replaced with compacted bedding 

material. Where natural soils meet the specifications for 

bedding material, as specified by the pipe designer, it can 

be used as bedding material. 

(11) Where the pipe is to be placed near or below groundwater 

levels, free draining gravel may be placed at the bottom of 

the excavation to facilitate dewatering and for ease of 
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construction. The gravel should meet the specifications for 

the bedding material and have less than 5 percent passing the 

No. 200 sieve. The gravel should be mechanically densified. 

Foundation 

(12) For preliminary design purposes, support structural loads on 

conventional footings proportioned for an allowable bearing 

pressure of 1,500 psf, beginning on firm natural soil. 

(13) Exterior footings and footings beneath unheated areas should 

be placed at least 3.5 feet below adjacent finished exterior 

grade. 

(14) When the final loads, locations and dimension of the pump 

station and well are k.'t'}own, the available data should be 

reviewed to determine if additional investigation is 

necessary. Additional recommendations will be necessary at 

that time. 

(15) All topsoil, organic material and other debris should be 

removed from the proposed building area. 

(16) All new fill and backfill should be approved by the 

geotechnical engineer, placed in uniform lifts and compacted 

to the following dry densities as determined by ASTM D-1557. 

Below spread footings 95 percent 

All other areas 90 percent 

(17) structural fill placed beneath footings, slabs or pavement 

should be granular soil with less than 30 percent passing the 
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No. 200 sieve and have a maximum particle size of 4 inches. 

Natural onsite soils which meet these requirements are 

acceptable for use as structural fill. 

(18) Any areas within the building or paved area which are soft, 

or disturbed during construction activities, should be removed 

and replaced with compacted structural fill. 

(19} Sp!:'ead footings should have a minimum width of 18 i:~ches for 

continuous footings and 24 inches for isolated spread 

footings. 

(20) All footings should have a minimum depth of embedment of 12 

inches. 

(21) continuous foundation walls should be reinforced top and 

bottom to span an unsupported length of at least 20 feet. 

(22) To reduce the effects of differential movement, floor slabs 

should be separated from all bearing walls and columns with 

expansion joints which will allow unrestrained vertical 

movement. 

corrosion 

(23) As a minimum, we recommend that all concrete in contact with 

the soils be designed using type II Portland cement. Where 

concrete is to be placed in contact with soils with a 

percentage of water soluble sulfate in excess of .2%, Type V 

cement should be used. Additional testing to verify the water 

soluble sulfate content of soils near the pump station should 

be conducted prior construction. 

(24) Where corrosion of buried metal is critical, it should be 
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protected using a noncorrosive backfill, wrapping, coating, 

scarified anodes, or a combination of these methods. 

CONTINUING SERVICES 

(25) Consultation with design professionals during the design 

phases. This is important to ensure that the intentions of 

our recommendations are properly incorporated in the design, 

and that any changes in the design concept properly consider 

geotechnical aspects. 

(26) Observation and monitoring during construction. A 

geotechnical engineer from our firm should observe the 

excavation, earthwork, and foundation phases of the work to 

determine that subsurface conditions are compatible with those 

used in the -analysis and design. During site grading, 

placement of structural fill should be observed and tested to 

confirm that the proper density has been achieved. 
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LIMITATIONS 

This report has been prepared in accordance with generally 

accepted geotechnical engineering practices in this area for use 

of the client for planning purposes. The preliminary conclusions 

and recommendations submitted in this report are based upon the 

data obtained from the widely spaced test pits excavated at the 

locations indicated on Figure 1. Additional investigation must be 

conducted once the structure locations and structural loadings have 

been determined for the pump station and final alignment and grades 

selected for the water line. We recommend on-site observation of 

site grading by our personnel. 

CHEN-NORTHERN, INC. 
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NOTES 

1. 'fest pits were excavated on August 29 & 30, 1989 with a rubber tired tractor 
mounted backhoe. 

2. Locations of the test pits were measured by pacing vehicle odeomctcr readings 
from features shown on the site plan provided. 

3. 

4. 

5. 

The test pit locations and elevations should be considered accurate only 
to the degree implied by the method. used. 

The lines between the materials shown on the logs represent the 
approximate boundaries and the transitions may be gradual, 

we = Water Content (%); 
DD = Dry Density (pcf); 
-200 = Percent Passing No. 200 Sieve; 
LL = Liquid Limit (%); 
PI = Plasticity,Index (%); 
UC ~ Unconfined Compressive Strength (psi); 
WSS = Water Soluble Sulfate (%). 

LEGEND 

D Lean ClaYi Soft to stiff, slightly moist to wet, low to medium 
plasticity, occasional sandy to slightly sandy layers, 
brown, occasional iron staining. 

Fat ClaYi very stiff, slightly moist, high plasticity. slightly sandy, 
color ranges from brown to green-brown. 

r:I1 Silt Clay; soft, dry to wet, very low plasticity to non plastic, 
~ slightly sandy to very sandy, brown 

#5477891 ChenONorthern,Inc. I 

LEGEND 
continued 

~ Poorly Graded SAND with Silt; loose to medium dense, slightly moist to wet, 
fine to coarse grained, some layers with gravel. 

~ 
~ 

• 

Clayey SAND; loose to medium dense. slightly mOist. 101. to medium plasticity I 
predominantely fine to medium srained with occa~ional 
grnvelly layers, colors range from brown, green and red. 

Silty SAND; loose to dense, slightly moist to moist, non plastic, 
predominately fin£ to medium grained with occasional gravelly layers, 
brown. 

Poorly Graded GRAVEL with Sand; loose to dense, slightly moist to moist, non plastic, 
small to coarse gravels, occasional slightly to 
moderately cemented layers, estimated maximum size 
about 3 inches. 

Poorly Graded GRAYEL with Silt and Sandi medium dense to dense, dry to slightly moist, 
non plastic, small to medium gravels, 
estimated maximum size about 1 1/2 inches. 

C13yey GRAVELi dense, slightly moist to dry, low plasticity, coarse to fine gravels. 
iron staining, brown to white, occasional slightly cemented layers. 

Silty GRAVEL; loose to medium dense, dry to slightly moist, low, plasticity 
to non plastic, medium to coarse gravels, brown . 

Interbedded Sandstone and Claystone; yellow to brown, very soft to moderately 
hard rock, slightly moist, thin to thick bedded, 
iron staining. 

~ Ha~d Drive Sample 

tJ 
o 

i 

Disturbed Bulk Sample 

Indicated depth to free water and number of days after drilling that 
measurement was taken. 

Indicates practical backhoe refusal. 

LEGEND AND NOTES OF T'EST PITS 1 Figure 4 
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Chen 0 Nortllern, Inc. 
TABLE 

Job No. 5-477-89 

SUMMARY OF LABORATORY TEST RESULTS 
SHEET 1 OF 2 --

SAt.lPLE LOC AT ION GRADATION 
- NATURAL NATURAL PERCENT ATTfRBfRG LIMITS UNCONflNfD 

WOIST UR( DRY PASSING COMPRE SStvE SOIL OR 

HOLE 
DEPTH CONTENT DENSITY GRAVEL SAND NO. ZOO LlOUID PLASTICITY STRENGTH 

S04,% 
BEDROCK TYPE 

(FEE T) (°/01 (PCF) (%1 (%) SIEVE Ut.llT INDEX (PSF) 
(%) (%) 

TP-l 3'7" 2 94 11 <0.1 Sand with silt 
-- -

6.0' 21 96 15 43 42 Silty sand w/gravel 
8'-8'6" 19 72 9 ~oorly rraged sand 

with si t & gravel 

TP-2 2 - 4' 71 22 7 
Poorly traded gravel 
with si t & sand 

TP-3 2'2" 10 81 67 <0.1 Sandy silt 
2'-4' 3 28 33 39 Silty sand w/gravel 

TP-4 4.0' 17 86 89 59 40 6350 Fat clay - . 

8.0' 14 92 91 Fat clay 

TP-S 6.0' 4 102 29 Silty sand 

TP-6 6.0' 16 105 78 51 32 Fat clay w/sand 

TP-7 2' 4' 2 45 31 24 Clayey Qravel wlsand 

TP-8 8.0' 9 106 27 0.28 Clayey sand 

TP-I0 4" 9 87 58 Claystone 
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TABLE Job No. 5-477-89 

SUMMARY OF LABORATORY TEST RESULTS 
SHEET 2 OF 2 

--
SAMPLE LOCATION GRADATION 

NATURAL NATURAL PERCENT ATTERBERG LIMITS UNCONFINfO 
MOISTURE DRY PASSING COMPRESSIVE SOIL OR 

HOLE 
DEPTH CONTENT DENSITY GRAVEL SAND NO. 200 LIQUID PLASTICIT Y S1 Rt:: NG T t1 BEDROCK TYPE 
(FEE TI (%) (PCf) (%1 (%) SIEVE LIMIT tNOEl!. (PSF) 304, % 

(%) (%) 

TP-13 10 4 94 39 lR40 r, l a:y:e:y: Seind 

TP-17 2.0' 25 79 99 42 26 1390 Lean clay 

4'3" 7 85 Silty Sand 

TP-18 2'-4" 24 95' 96 37 20 1720 1.32 Lean clay 



Granger water Line 
Job No. 5-477-89 

TABLE II 

ELECTRICAL RESISTIVITY DATA 

Probe Electrical 
Spacing, Resist. 

Location Feet Ohm-em 

TP-2 2 36002 
5 56493 

10 47875 

TP-4 2 10724 
5 10533 

10 5937 

TP-6 2 18384 
5 24895 

10 13980 

TP-8 2 8809 
5 8905 

10 5171 

TP-9 2 3179 
5 1819 

10 1915 

TP-11 2 5362 
5 3830 

10 3064 

TP-14 2 13022 
5 7756 

10 3447 

TP-16 2 804 
5 776 

10 1187 

TP-18 2 498 
5 527 

10 747 
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I. INTRODUCTION 

A. Purpose and Scope 

A Level II feasibility study was performed by ARIX to develop a new diversion on 
the Green River to supply water to the town of Granger in southwest Wyoming. Granger 
has a water right to divert up to 925 gpm from the river. ARIX subcontracted with ESA 
Consultants to determine the technical feasibility of diverting river flows by means of 
shallow wells and/or an infiltration gallery as altel 1atives to a direct surface water 
diversion. The primary advantage of wells or en infiltration gallery would be to filter surface 
water through the shallow aquifer materials at the site. 

An exploration and testing program was developed and performed to determine the 
thickness, extent and hydraulic characteristics of shallow alluvium along the Green River 
in Sections 16 and 22, Township 20 North, Range 109 West. Based on a backhoe test pit 
and a field inspection, three gravel bars along the river were selected for exploration and 
testing. The three gravel bars were explored with five test holes and the resulting 
information was evaluated. The most promising gravel bar was then tested for hydraulic 
characteristics by developing a 6-inch test well, performing pumping tests and interpreting 
of the aquifer characteristics from the test data. 

1ne resultant aquifer information was used to develop preliminary designs and cost 
estimates for subsurface diversion facilities. Several alternatives were analyzed for a range 
of diversion rates and included: (a) small diameter wells; (b) large diameter wells; and (c) 
infiltration galleries. All of these diversion systems rely on infiltration of surface water 
from the river induced by pumping. Although the alluvial aquifer is very limited in 
thickness and extent, its relatively high permeability and direct hydraulic connection with 
the river will permit subsurface diversion of water from the river. 

Section II of this report contains a description of the work performed and the results 
of exploration testing and analyses. In section III preliminary designs are presented for 
subsurface diversions including estimated construction costs and recommendations for final 
design studies. 

B. Conclusions and Recommendations 

Based on the results of exploration, testing analyses and preliminary designs that are 
presented herein, the following conclusions and recommendations have been developed. 

1. The best available site for a subsurface diversion is the upstream gravel bar 
loca,ted mostly in the NE 1/4 of Section 16 of T 20 N, R 109 W. The shallow 
aquifer beneath this site has the largest saturated thickness of the three sites 
explored with saturated sandy gravels ranging from 5.5 feet to 9.7 feet. 
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2. Based on pumping tests, the gravel aquifer at the upper site IS In direct 
hydraulic communication with river flows and has a relatively high 
transmissivity and hydraulic conductivity. 

3. Based on field conductivity tests and our laboratory analysis, the water quality 
of the underflow is generally good. 

4. Diversion of water can be accomplished either by shallow wells or by 
infiltration galleries. Diversion rates of 100 to 500 gpm appear to be 
technically feasible even during low river stages. Larger diversion rates of up 
to 925 gpm during low river stages, appear to be marginal because of the 
limited extent and saturated thickness of the aquifer. 

5. Large diameter wells are the most costly alternative. However, they are the 
Inost reliable to install and operate, and their use for budgeting purposes at 
Level II is recommended. During final design, well diameter should be 
optimized as some intermediate diameter may be the most cost-effective. 

6. Additional exploration at the selected site should be conducted prior to final 
design, including at least two mUltiple well pumping tests. Also, surveyed 
river channel bottom profiles are needed for final design analyses. 

7. If the diversion capacity must be as high as 925 gpm, a surface diversion 
should be costed for Level II budgeting purposes. 

8. Provisions should be made for flood protection for any alternative. Further, 
all analyses assume that the Green River channel at the diversion site will 
remain relatively stable. It was beyond the scope of this study to estimate 
flood events or river channel stability. 
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II. EXPLORATION AND AQUIFER TESTING 

A. Test Hole Drilling 

A program consisting of six test holes was performed to explore shallow ground 
water conditions along the Green River. The six test holes are shown on the map in Figure 
II-I and they were drilled in the same order that they were numbered. Two gravel bars 
were explored in the eastern half of Section 16 (upper and middle bars) and one in the 
northv.'est quarter of Section 22, T20N,RI09W. TH-l, lli-2, and TH-6 are located in the 
upper gravel bar; TH-3 is located in the lower gravel bar; and TH-4 and TH-5 are located 
in the middle gravel bar. 

Thomas Drilling Inc. from Afton, Wyoming drilled the holes with a rotary rig 
equipped with a top-head drive and pneumatic hammer. A six inch tri-cone button bit was 
used to drill the holes and compressed air was employed as the drilling fluid. Foam was 
added to some holes to aid in removing the drill cuttings. The cuttings were logged and 
sampled for each one foot of hole drilled. 

A 20-foot length of 6" casing was mounted beneath the top-head drive and pneumatic 
hammer so that it could be driven down into the drilled hole. This method, informally 
called "drill and drive," prevents the hole from sloughing in and results in a series of 
samples accurately representing known depths. 

Procedural notes, observations, and sample descriptions were lnade during the entire 
test hole drilling program. Individual drilling/sampling logs were made for each test hole 
and are included in Appendix A of this report. Figure 11-2 is a North-South cross-section 
that summarizes the important features of each test hole and shows the saturated thickness 
in each bar. 

The upper gravel bar was tested by TH-l, TH-2, and TH-6. The surface elevations 
at the drill sites ranged from 3.2 feet to 6.0 feet above the adjacent water level in the river. 
Drilled depths ranged from 15 to 21 feet. The upper 3 feet to 5 feet consisted of sandy 
topsoil underlain by six to ten feet of well graded sandy gravel to gravelly sand. The gravel 
clasts were subrounded to subangular and less than 2 inches in diameter. Silt and clay 
were estimated to comprise no more than 5% of the samples and seemed to be dispersed 
rather than bedded. The bedrock was encountered at drilling depths of 13 feet in TH -1, 
9 feet in TH-2, and 14.5 feet in TH-6. In each test hole it was the same: grey, fine to very 
fine grained sandstone that was clay-rich, soft and friable. The thicknesses of saturated 
aquifer materials drilled in the upper bar were 9.7 feet in TH-l, 4.5 feet in TH-2, and 8.7 
feet in TH-6. 

The middle gravel bar was tested by TH-4 and TH .. 5. The ground surface elevations 
were about 7.5 feet above the water level in the river. Drilled depths were 17 and 15 feet, 
respectively. The surficial unit was from 4 to 5 feet thick and consisted mainly of 
unconsolidated sand. The underlying alluvium was well graded sandy gravel, similar to the 

3 



upper gravel bar. The bedrock was the same as in the upper gravel bar and was 
encountered at a depth of about 14 feet. The saturated aquifer thickness was 7 feet in TH-
4 and 6.S feet in TH-S. 

The lower gravel bar was tested by TH-3 where the ground surface was about 5 feet 
above the water level in the river. The surficial unit was sandy topsoil 4.5 feet thick. The 
surficial material was underlain by six feet of well graded sandy gravel followed by 2-1/2 
feet of clayey gravel, then 2 feet of the typical bedrock. Because attempts to air lift water 
from the clayey gravel met with only minimal success, the clayey gravel was not considered 
to be part of the aquifer. The result was that there were only 5.5 feet of saturated aquifer 
encountered in this test hole and additional testing of the lower bar was not performed. 

The last test hole (TIl -6) was dilled in the upper gravel bar which was the most 
pro1I1ising for a subsurface diversion sit~ because of its greater saturated thickness. TI-I-6 
contained 8.7 feet of saturated sandy gravel. Upon reaching bedrock, the casing was pulled 
back about one foot and the well was naturally developed by airlifting at a rate of 10-20 
gpm for 20-30 minutes. 

To prepare for testing, the casing was pulled back to the surface and vertical slots 
were cut with an acetylene torch over the aquifer interval. The slots were approximately 
3/16" wide and 8"-10" long. Four slots were cut per lineal foot. The casing was driven 
back down to total depth (17.7 feet) and the hole was cleaned out. Two and one-half 
hours were spent developing the well by airlifting and surging, and during that time broad 
areas of tightly clustered air bubbles appeared in the river. The final rate of production 
by airlifting was about 30 gpnl. 

Next, a submersible pump with a maximum capacity of 100 gpm was installed in the 
well. The bottom of the assembly was set at a depth of 17 feet, the pump intake being at 
14.5 feet below ground surface (the same elevation as the base of the aquifer). The 
following sections describe the testing procedures. 

B. Step-drawdown test 

A step-drawdown test of the well completed at TH -6 was conducted to make a 
preliminary estimate of aquifer transmissivity and to select an appropriate discharge rate 
for a constant rate test. The four successive steps were: 19 gpm for 30 minutes, 38 gpm 
for 20 minutes, 75 gpm for 74 minutes, and 90 gpm for 105 minutes. The measured 
drawdowns at the ends of each step were: 0.53 feet, 1.14 feet, 3.285 feet, and 4.75 feet. 
Appendix B contains the field data sheets, and Figure C-1 in Appendix C portrays the data 
in a semi-log graph of sjQ (drawdownjdischarge) vs. log adjusted time. 

For Step 1, there is considerable scatter of the data points. Much of it is due to 
fluctuation in the discharge rate. The higher position of points for Step 2 indicates that the 
well was undergoing development during the step test itself. Data points for Step 3 are 
well represented by a straight line whose slope implies a transmissivity of 34,600 gpdjft. 
Water level measurements made during Step 4 were affected by turbulence occurring at the 
pump intake and cannot be reliably interpreted. From these results a decision was made 
to conduct two constant rate pumping tests. 

4 



C. Pumping Test No. 1 

Pumping Test No. 1 was conducted at an average discharge rate of 73.3 gpm for 120 
minutes on November 1, 1989, and was followed by a recovery period of 50 minutes. 
Appendix B contains the field data. Maximum drawdown at the end of the pumping period 
was 2.77 feet, indicating a 2-hour specific capacity of 73.3 gpm/2.77 ft = 26.5 gpm/ft, from 
which transmissivity can be estimated as T = (Q/s) x 1500 = 39,750 gpm/ft. Over the last 
60 minutes of the test, drawdown remained relatively constant between 2.71 and 2.77 feet. 

Field data plots are shown in Figure C-2 in Appendix C as log adjusted drawdown 
vs. leg time and in Figure C-3 (also in Appendix C) as (;1. semi-log plot of ad}11sted 
drawdown vs. log time. Matching the early time data in Figure C-2 to Theis type ( Jrves 
gave a transmissivity of 84,000 gpd/ft. Transmissivity was not determined from Figure C-
3 due to excessive data scatter. 

Recovery data from Pumping Test No. 1 are shown in Figure C-4 as a plot of water 
level vs. log t/t'. Transmissivity calculated from this plot was 73,860 gpd/ft. At log tit' = 
1 (representing long-term, full recovery) the water level is projected to recover to 0.1 feet 
above the original static level. This is interpreted to reflect recharge from the Green River 
during the test. 

D. Pumping Test No.2 

Pumping Test No.2 was conducted at an average discharge rate of 89.1 gpm for 120 
minutes on November 1, 1989, and was followed by a recovery period of 60 minutes. The 
field data are presented in Appendix B. 

Maximum drawdown at the end of the pumping period was 3.82 feet, indicating a 
2-hour specific capacity of 89.1/3.82 = 23.3 gpm/ft, from which transmissivity can be 
estimated as T = (Q/s) x 1500 = 34,950 gpm/ft. During the last 60 minutes of the test, 
drawdown remained relatively constant between 3.78 and 3.82 feet. 

These data are shown in Figure C-5 in Appendix C as log adjusted drawdown vs. log 
time and in Figure II -3 as a semi-log plot of adjusted drawdown vs. log time. Matching the 
early time data in Figure C-5 to Theis type curves yielded a transmissivity of 78,310 gpd/ft. 
In Figure IT -3 there were three distinct groupings of the data. Early time data (up to the 
first 5 minutes) when fitted to a straight line gave a transmissivity of 84,200 gpd/ft. The 
middle part (from 5 to 60 minutes) indicated a transmissivity of 35,500 gpd/ft, and the late 
time data (from 60 to 120 minutes) showed virtually no change in drawdown, reflecting 
recharge from the Green River. 

Figure C-6 in Appendix C is a semi-log plot of water level recovery from Pumping 
Test No.2 (water level vs. log tit'). Transmissivity from this plot was calculated to be 
74,260 gpd/ft. Projection of the recovery trend to log tit' = 1 indicates that the water level 
after full recovery . would be 0.18 feet above the original static water level. Again, this is 
interpreted to be caused by recharge from the Green River during the pumping period. 
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E. Interpretation of Aquifer Testing Results 

Table II-I contains a summary of transmissivity calculations based on the aquifer 
tests. The short testing period coupled with the aquifer's relatively high transmissivity 
implies that the volume of aquifer stressed during the tests is relatively small. The higher 
values of transmissivity (70,000 ±) were determined from early time data that were 
seemingly unaffected by aquifer boundaries and, thus, may represent "true" or "actual" 
aquifer transmissivity. The lower values (35,000 ±), resulting from later time data, 
probably represent an effective transmissivity that may include the influence of a negative 
aquifer boundary. 

At a time of about 60 minutes in Pumping Test No.2 (as shown in Figure III-I) 
additional drawdown ceased. This represents the time at which the cone of influence 
intersected a large enough portion of the river bed so that recharge from the river fully 
replenished water removed by pumping. 

The average of the two lower values of transmissivity in Table A that were calculated 
from time-drawdown curves is 35,000 gpd/ft and is considered to represent a conservative 
estimate of aquifer'S effective transmissivity applicable under long-term pumping conditions. 
Effective hydraulic conductivity equals effective transmissivity divided by saturated thickness. 

Verification of this transmissivity value is suggested by comparison to the above
mentioned estimates made from specific capacity (T = 39,750 gpd/ft, and T = 34,950 
gpd/ft). To make an additional check on the validity of this value, a distance-drawdown 
plot was made with data from each pumping test (Figure C-7). The river, at 16.2 feet from 
the well, is represented as zero drawdown. A straight line is drawn from this point to the 
location of the well at 0.25 feet (from the center of the well) with a slope representing a 
transmissivity of 35,000 gpd/ft. 

For pumping test No.1, the theoretical drawdown in the aquifer just outside the well 
casing is 2.00 feet. Compared to the actual drawdown measured in the well at the end of 
the test (2.77 feet), the well would have an efficiency of (2.00/2.77) x 100 = 72%. For 
pumping test No. 2 the same procedure gives an efficiency of (2.42/3.82) x 100 = 63%. 
These efficiencies are reasonable for torch slotted casing and lend credence to the choice 
of transmissivity as 35,000 gpd/ft. 

One more check was made using another distance-drawdown graph (Figure C-8). 
If one assumes that the well is 100% efficient, then aquifer transmissivity can be estimated 
from the slope of the line connecting the zero drawdown point at the river with the 
measured drawdown in the well. This procedure results in transmissivity estimates of 
26,000 gpd/ft. from pumping test No.1 and 22,300 gpd/ft. from pumping test No.2. The 
actual transmissivity must be higher because wells of this type are not 100% efficient. 

It was concluded that an effective transmissivity of 35,000 gpd/ft. is a conservative 
estimate applicable to continuous pumping of the aquifer for long periods. It is worth 
reiterating that the aquifer tests were conducted using a single pumping well but with no 
observation wells. Therefore, confirmation of aquifer hydraulic conductivity by additional 
pumping tests should precede final design. 
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Table II-I 

SUMMARY OF TRANSMISSIVITY DETERMINATIONS 
from Test Hole TH-6 

1) Step drawdown test 

2) Pumping Test No.1 

a) 
b) 

Log-log 
Recovery data 

3) Pumping Test No.2 

a) 
b) 
c) 

Semi-log 
Log-log 
Recovery data 

4) Distance-drawdown 

* 

a) 
b) 

IT-I (Q=73.3 gpm) 
PT-2 (Q=89.1 gpm) 

Values used to calculate design transntissivity. 

T 
34,600* 

84~OOO 
73,860 

35,100* 
78,310 
74,260 

25,980 
22,300 

(34,600 + 35,100) / 2 = 34,850 approximately equal to 35,000 gpd/ft 

Safety factor = 1.37 used in analysis for long term hydraulic conductivity. 

Design K = (T / saturated thickness) / safety factor. 
35,000/8.5 = 4,118 gpd/ff 

Design K = 4,118/1.37 = 3,000 gpd/fe 

7 

K = T/8.S 
4,070 

9~880 
8,690 

4,180 
9,210 
8,740 

3,060 
2,620 
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F. Water Quality Analysis 

A sample of the water produced near the end of Pumping Test No.2 was analyzed 
for inorganic constituents, pH, and total dissolved solids. A copy of the report is contained 
in Appendix A. To determine whether the water would be corrosive or incrusting, the 
Ryznar Stability Index (calculated according to the procedures in Driscoll, 1986, p. 1007) 
was determined to be 7.6, which indicates slightly corrosive conditions. Selection of 
components must take account of this degree of corrosivity. Because this water sample was 
collected after a relatively short period of pumping it is recommended that it be 
supplemented with additional analyses of water obtained from longer pumping periods to 
ensure proper representation. Based on the constituents analyzed, the pumped water will 
meet drinking water standards. 
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III. ANALYSIS AND DESIGN FOR SUBSURFACE DIVERSION SYSTEMS 

A.. Gradation of Aquifer Materials 

Cuttings collected during the drilling of TH-6 were split and re-composited for a 
gradation analysis by sieving. The report by Empire Laboratories is attached in Appendix 
A-2, and the grain size distribution curve is reproduced in Figure III-I. The notation used 
herein for grain size diameter is illustrated by example: D30 means that 30 percent of the 
sample has a smaller dia neter, or that 30 percent would pass through a sieve of that size. 

To summarize gradation analysis results for TH-6: 

silt and clay - 1.8% 
fine sand = 6.4% 
medium sand = 17.9% 
coarse sand = 18.7% 
gravel « 1 Vzlf) = 55.2% 

100.0% 

This sample can be described as wen-graded sandy gravel. Its median grain size 
(Dso) is 5.5 mm (.217 inches). The uniformity coefficient (D60/D10) = 14.1) indicates the 
highly gradational nature of the aquifer. The general rule for selecting the size of the filter 
pack is to choose its median diameter to be 6 times the D30 size of the aquifer materials. 
This would give 6 x 2.455 mm = 14.7 mm (0.58 inches) for Dso of the filter pack. The well 
screen should be chosen so that the slots retain at least 90 percent of the filter pack. For 
a typical filter pack having a uniformity coefficient of 3.0, this would mean that a screen 
slot size of 0.250 inches would retain 95 percent of the filter pack. 

As a result, the recommended well screen slot size is 0.250 inches, with a filter pack 
that has a median diameter of Dso approximately equal to 0.58 inches and a uniformity 
coefficient of 3.0 or less. 

B. Maximum and Minimum Expected Water Levels in Green River 

The design of infiltration diversions systems is greatly influenced by the water 
elevation and the shoreline location of the Green River. To determine the effect on the 
alluvial aquifer, it is necessary to know the maximum and minimum expected discharges of 
the river and the profile of the river channel. 

Published data were obtained for discharge rates measured at the Green River 
Gaging Station near the town of Green River (shown in Appendix A). However, river 
profiles in the vicinity of the site were not available. Consequently, some assumptions were 
made with respect to the river's profile to serve as a guide. Final design should incorporate 
actual channel profiles. 
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Assumption No. 1. The river channel has a regular cross-section. The channel sides 
are nearly vertical and the channel gradually deepens at a uniform rate from both sides 
toward the middle. At the time of our field work the discharge was an average of 1150 cfs 
and the river was fordable (Le., no deeper than three to four feet). 

Assumption No.2. Manning's equation can be applied and a roughness coefficient 
of n = 0.03 is appropriate. 

Assumption No.3. From the 7.5 minute quadrangle map (Stevens Flat) the 6400 
foot reach upstream from the site is straight, has a uniform width of 325 feet, and a river 
surface gradient of 0.00156 that is applicable to the cross-section at the site. 

Figure 111-2 is a cross-section sketch showing sce:i1arios for three water levels in the 
river/aquifer system. Scenario No.1 represents conditions during the testing of TH-6 (Q 
= 1150 cfs); scenario No.2 represents the minimum expected water level (0 = 241 cfs); 
and scenario No.3 represents the maximum expected water level (Q = 16,500 cfs). 

Scenario No. 1. Using the known flow rate (Q = 1150 cfs), known river width (325 
feet) and assumptions listed above about channel geometry, it is possible. to calculate the 
maximum depth of water by Manning's equation if the roughness coefficient n also is 
known. From Fig. 5-5 (Chow, 1959, p. 130, no. 14) a value of n = 0.03 was selected. 

Manning's equation is: 

Q = 1.486 X R2/3 x S1/2 X A 
n 

where 0 = discharge, in cfs 
R = hydraulic radius = A/P 
A = cross-sectional area of river channel (fe) 
P = wetted perimeter of cross-section 
S = slope of channel bottom in direction of flow 
n = Manning's roughness coefficient 

Rearranging the equation after substituting for R = A/P, A = (325 x 0.5) + (Dl x 
162.5), P = 325 + 2(0.5) yields: 

____ Q;:..:...:..;x~n~x....:.p2"-/3 ___ j 315 1.486 x S1/2 

162.5 

where Q = 1150 cfs 
n = 0.03 
S = 0.00156 
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Solving, Dl = 1.86 feet and maximum depth D = 0.5 + Dl = 2.36 feet. This value 
is reasonable but it needs to be confirmed by actual measurement before a final design is 
made. For the other two scenarios the channel's cross-sectional geometry, slope, and 
roughness coefficient were unchanged. 

Scenarios No.2 and No.3 are for the minimum and maximum expected flow rates 
for the Green River. Readings from the USGS gaging station near the town of Green 
River for the period 1964-1984 were compiled and analyzed by Peterson (1988). From his 
tables a flow less than 241 cfs over a 3-day period is expected to recur only once every 20 
years. This figure was used as the minimum design flow. The maximum anticipated flow 
is 16,500 cfs over a one-day period and is expected to recur only once every 25 years. This 
value was chosen as the maximum design flow. 

Scenario No.2 The minimum expected flow in the river is 241 cfs. Using Manning's 
equation and rearranging it to solve for depth of flow gives D = 1.36 feet (exactly one foot 
below the level for 1150 cfs). The distance from the low flow water line to the present 
channel side would be 44 feet for the assumed channel cross-section. 

Scenario No.3 The maximum expected flow (25 year recurrence period) is 16,500 
cfs. From Manning's equation, the maximum depth in the channel would be 8.2 feet and 
the elevation above the 1150 cfs water level would be 5.8 feet. This would put some parts 
of the upper bar under water. Thus, the final design must include provisions for dealing 
with high water. Placing riprap along the channel side of the bar for protection also should 
be considered. 

C. Conventional water wells 

The aquifer in the upper bar, although of high hydraulic conductivity, nevertheless 
is of limited saturated thickness and areal extent. Therefore, in addition to investigating 
the design requirements for conventional small diameter wells, infiltration gallery systems 
and large-diameter water wells were considered. 

Figure 111-3 is a schematic diagram illustrating the variables used to design wells in 
a water table aquifer. The mathematical relationship for equilibrium conditions among 
these variables is (Driscoll, 1986, p. 213): 

Q = K x (ff - h2
) / (1055 x log (R/r)) 

where Q = discharge rate, in gpm 
K = hydraulic conductivity, gpd/fe 
H = static head measured £rOIn the bottom of the aquifer, in feet 
h = height of pumping water level above bottom of aquifer, in feet 
R = radius of cone of depression, in feet 
r = radius of well, in feet 

A spreadsheet analysis was made to calculate expected discharge by varying each of 
the above parameters one at a time. A summary of selected combinations is presented in 
Table 111-1. 
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The first row in Table III-l represents the conditions at TH-6: H = 8.5 feet, h = 4.7 
feet, R = 16 feet, and r = .25 feet. By choosing K = 3429 gpd/fe, the calculated discharge 
of 90 gpm equals the discharge rate during pumping test No.2. The value of K = 3429 
gpd/fe implies a transmissivity (T = K x b = 3429 x 8.5) = 29,100 gpd/ft, which is only 
slightly less than the value of 35,000 gpd/ft determined independently from aquifer test 
analysis. It provides another check on transmissivity evaluation. 

Table 111-1 

SELECTED COMBINATIONS OF VARIABLES FOR WELL DESIGN 

K H h R r 0 Comments 
3429 8.5 4.7 16 0.25 90 TH~6 

3000 8.5 2.8 16 0.25 101 Current water level, small well 
3000 8.5 2.8 16 1.50 178 Current water level, large well 
3000 7.5 2.5 64 0.25 59 Low water level, small well 
3000 7.5 2.5 64 1.50 87 Low water level, large well 

. Note: See text for explanation of symbols 

Applying a factor of safety to the estimation of hydraulic conductivity, K = 3000 
gpd/fe was used in subsequent analyses (equivalent to a transmissivity of 25,500 gpd/ft). 
Each of the other parameters in the equilibrium equation 'N~ allowed to vary between 
extremes adjudged to represent the range of possible conditions at the site. 

Line 2 shows that 101 gpm could have been pumped from TH-6 under river level 
conditions that existed during the testing, merely by utilizing a full 2/3 of the available 
drawdown. Line 3 shows that a 3-foot diameter well could yield 178 gpm under current 
river level conditions (Q = 1150 cfs). 

Under conditions of the minimum expected discharge (Q = 241 cfs), the water line 
would recede 44 feet from the bank. IT the well is located 20 feet landward from the 
present waterline, it would be 20' + 44' = 64' to the water line from the well. Also, the 
saturated thickness would decrease from the present 85 feet to 7.5 feet because the 
elevation of the water level in the river would be reduced by one foot, given the simplifying 
assumptions regarding channel geometry previously discussed. Lines 4 and 5 in Table lil-
1 show that under minimum flow conditions, a small well could yield 59 gpm, and a large 
well could produce 87 gpm. 

111us, under the conditions of minimum flow, well fields that will yield the desired 
amount would be as follows: 

o For a discharge of 100 gpm, two large wells (36" diam.) would be needed, and 
2 small ones (6" diam.) also would be required. 
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o For a discharge of 500 gpm, 9 small wells would be required but only 6 large 
wells would be needed. 

o For the maximum anticipated discharge (Q = 925 gpm) to be produced, there 
would need to be 16 small diameter wells and 11 large diameter wells. 

D. Infiltration Gallery 

The parameters for an infiltration gallery installed on land parallel to the river bank 
(illustrated in Figure III-4) are related by the following equation (Driscoll, 1986, p. 761): 

L = 2880xRxO 
K x (D2 - d2) 

where L = length of infiltration screen, in feet 
R = horizontal distance from infiltration screen to point of 

no drawdown (river edge), in ft. 
Q = discharge from infiltration system, in gpm 
K = hydraulic conductivity of the aquifer, in gpd/fe 
D = depth of the trench below static water level, in feet 
d = height of the pumping water level above trench bottom, in feet 

Designing for the minimum expected flow in the river (241 cfs), R is about 64 feet, 
D is 7.5 feet, d is 2.5 feet, and K = 3000 gpd/ft2. Under these conditions of minimum 
expected flow, a discharge of 100 gpm would require a screen length of 123 feet, 500 gpm 
would require a screen length of 614 feet, and the largest anticipated discharge of 925 gpm 
would require a screen length of 1137 feet. Using a factor of safety of 1.2 and rounding 
upwards to the nearest 50 feet results in required lengths of 150 feet, 750 feet, and 1400 
feet, respectively. 

Additional considerations relating to infiltration gallery design include the pipe 
diameter necessary to produce the desired yield, maximum depth of the trench achievable 
by an agricultural drain plow, and amount of open area per lineal foot of infiltration pipe 
necessary for water entry rates not to exceed 0.1 fps (to prevent excessive head loss). The 
pipe specifications for ADS 6" polyethylene pipe include an open area of 4.00 square inches 
per lineal foot. Open area may be converted to safe infiltration rate by multiplying it by 
0.31, which results in 1.24 gpm/lineal foot. Multiplying this value by each of the required 
infiltration pipe lengths gives safe infiltration rates that exceed the required discharge rates, 
so this pipe diameter is satisfactory. 

Figure III-5 contains a longitudinal profile sketch of an infiltration gallery designed 
to produce at a rate of 100 gpm. The 20-foot deep, 48-inch diameter sump would be 
installed in the southern part of the upper gravel bar near the location of TH -1 where the 
saturated thickness is greatest. One hundred fifty feet of 6-inch diameter perforated 
polyethylene cOITl,lgated pipe (4.00 square inches of open area per lineal foot) would be 
installed near the base of the aquifer with an agricultural drain plow in a northward 
direction from the sump along the bank of the river. Filter pack "vith a median diameter 
of approximately 0.6 inches would be added during the operation to surround the 
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infiltration pipe and to form a one-foot thick blanket beneath it. The trailing end of the 
infiltration pipe would be brought to the surface to serve as an entry point for maintenance. 
A 3/4-inch to I-inch diameter perforated pipe (not shown in the sketch) would be installed 
in the filter pack about one foot above the infiltration pipe to allow for maintenance of the 
system by air jetting. 

Optimum performance of the infiltration gallery during periods of low flow would 
best be achieved by stabilizing the pumping water level no deeper than 5 feet beneath the 
river level in order to maintain at least one foot of head over the infiltration pipe to 
prevent dewatering. During periods of greater flow in the river, the pumping water level 
may be adjusted upward. 

An infiltration gallery designed for a discharge of 500 gpm is shown in Figure 111-
6. Similar to the above design, a 20-fnot deep, 48-inch diameter sump would be installed 
in the thickest part of the aquifer near the location of TH-l. An agricultural drain plow 
would install two segments, each of length 375 feet, in both directions from the sump 
parallel to the river bank. As above, the trench would be at or near the base of the 
aquifer, 6-inch infiltration pipe and 3/ 4-inch to 1-inch perforated maintenance pipe would 
be installed with the same type of filter pack (median diameter of about 0.6 inches). 

During periods of low flow in the river a discharge of 500 gpm should be sustainable 
by maintaining the pumping water level in the sump no deeper than 5 feet beneath the 
level in the river. This would be adequate to maintain a minimal one foot of head over 
the infiltration pipe. 

A properly installed and regularly maintained infiltration gallery, designed to function 
under the conditions of minimum flow in the Green River, is considered to be a reliable 
source of water for discharges up to at least 500 gpm. Even though the saturated thickness 
is not large and the areal extent of the gravel bar not great, nevertheless both are adequate 
for an infiltration gallery to provide that discharge. Ho\vever, a greater discharge (such as 
925 gpm) requires a longer infiltration gallery, yet there are barely enough thickness of 
aquifer and length of gravel bar to accommodate it. 

Figure ill-7 illustrates this problem. Under the design conditions of minimal flow 
in the Green River, 1400 feet of infiltration pipe are needed to provide a discharge of 925 
gpm from an average saturated thickness of 7.5 feet. If the gallery were designed like that 
for 500 gpm, except with longer segments, there would be an unacceptably high head loss 
due to internal pipe friction resulting from the high velocities associated with the higher 
discharge. By apportioning the discharge between two infiltration galleries, each with two 
segments, the discharge can be divided into four portions resulting in reduced velocity and 
head loss from friction. 

The southern gallery has two segments, each 350 feet long, extending in opposite 
directions from the 20-foot deep, 48-inch diameter sump that would be installed near the 
location of TH-l. It would be installed in a manner identical to that explained above for 
the 100 gpm and 500 gpm infiltration galleries. Because of its location in the thickest zone 
of saturation, there would be about 5 feet of available drawdown. It would be capable of 
a maximum discharge rate of about 560 gpm under low river stages. The northern gallery, 
although of the same length, would have a thinner saturated section and less available 
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drawdown (only about 4 feet), resulting in an anticipated maximum discharge of 365 gpm. 
Together the galleries' discharge rate would be 925 gpm. 

The northern gallery would have to be excavated as deep as 1.5 feet into bedrock 
at its northern end in order to keep the infiltration pipe under at least one foot of water 
during operation. Deeper excavation into the bedrock with the agricultural drain plow 
would be unsatisfactory because the narrow trench it makes would not permit an adequate 
flow into the infiltration pipe. Inspection of the profile reveals that the design has nearly 
reached the limitations imposed by the site and the trenching method. Using a method of 
open excavation to produce a 3-foot to 5-foot wide trench to be filled with filter pack 
material would accomplish a deeper, wider cut in the bedrock, but it would be quite costly, 
mainly because of the problems associated with underwater excavation of unconsolidated 
materials. The European trenching machine, with a 9.epth limitation of 24 feet, could 
excavate rilore deeply but the trench that it~cuts is no wider than the trench made by the 
agricultural drain plow so the problem of inadequate flow into the trench would remain 
unresolved. 

In sUIlllnary, infiltration galleries designed to discharge from 100 gpm to 500 gpm 
are expected to perform reliably under the presumed site conditions and expected minimum 
flows in the Green River. However, for a discharge of 925 gpm the design requirements 
of an infiltration gallery approach the physical constraints of the site and greater certainty 
is needed to assure reliability of performance. 

E. Cost Analysis 

The costs of three possible subsurface diversion systems were analyzed for three 
design discharges: small diameter (6 inches) wells, large diameter (36 inches) wells, and 
infiltration galleries for discharges of 100 gpm, 500 gpm, and 925 gpm. 

Prices for materials and labor, obtained from estimates supplied by contractors and 
supplemented by Means Heavy Construction Cost Data for 1988, are listed in Table ill-2. 
These costs are only approximate and they should be used for comparative purposes, not 
for precise estimates. 

Table III-3 is a summary of the approximate costs of labor and materials to install 
each type of subsurface diversion system. Engineering costs for design and supervision are 
not included in these figures, nor are costs for pump and surface pipeline connections 
included. H installation cost were the only factor to consider, then for a 100 gpm system 
2 small diameter wells would be preferred over an infiltration gallery or two large diameter 
wells. For 500 gpm, the cost of an infiltration gallery is about the same as 9 small diameter 
wells but less than 6 large diameter wells. For 925 gpm, an infiltration gallery installed with 
an agricultural drain plow is somewhat less costly than 16 small diameter wells but much 
less than 11 large diameter wells. 

Other factors should be considered before a final selection is made: normal 
maintenance costs, periodic replacement costs, and reliability. 
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TABLE 111-2 

COMPARATIVE PRICES FOR INSTALLING 
SMALL DIAMETER WELLS, LARGE DIAMETER 'NELLS, 

AND INFILTRATION GALLERIES 

Mob/Demob 

Drill 

Install Screen 

Screen 

Develop 

Finish Surface 
Facilities 

(no materials incl.) 

Earthwork* 

6" Well Screen 
12" hole, 20' deep 

$1,000 

$24/ ft. 

3 hr @ $150/hr 

5 ft @ $75/ft 

6 hr @ $150/hr 

8 hr @ $75/hr 

36" Well Screen 
48" hole, 20' deep 

$3,200 

$68/ft. 

5 ft @ $647/ft 

8 hr @ $150/hr 

12 hr @ $75/hr 

S~mp Installation (48' diam., 30' deep using earth auger) 
Mob-Demob 
Drill/Install Casing 
Casing (48" diam., 30' depth @ $100/ ft) 

Other 
Gravel pack($18 / cy) 
Grout 
Casing 

Costs: 
Variable 
Fixed 

15 cf/hole 
8 hr @ $150/hr 
15 ft @ $15/ft 

120 cf/hole 
8 hr @ $150/hr 
15 ft @ S100/ft 

S3,500/per well S8,500/per well 
$l,OOO/per project S3,200/per project 

Infiltration Gallery 
10' max. depth 

$7,200 

$8/ft. 

$.70/ft 

8hr @ $150/hr for 150' 
16hr @ $150/hr for 750' 
24hr @ $150/hr for 1400' 

$8.50/lineal ft 

$3,200 
$2,700 
$3,000 

0.8 cf/lineal foot 
8 hr @ S150/hr 

$19/lineal ft 
$14,500 for one sump 
$21,000 for two sumps 
$1,200 to develop 150' 
$2,400 to develo 750' 
$3,600 to develop 1400' 

European trenchiug machine (up to 24 feet in depth): flat rate of $250/lineal foot. 

* Price for stripping surface to one foot above water table. 
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Table 111-3 

SUMMARY OF COST ESTIMATES 

1--------------D ESI GN D IS CHAR GE------------------I 

100 gpm 500 gpm 925 gpm 

6" Diameter Wells 

Number Needed 2 9 16 

Cost $8,000 $31,500 $57,000 

Contingency (25%) $2,000 $ 7,875 $14,250 

Total cost $10,000 $37,375 $71,250 

36" Diameter Wells 

Number Needed 2 6 11 

Cost $20,200 $54,200 $93,500 

Contingency (25 %) $5,050 $13,550 $23,375 

Total Cost $22,250 $67,750 $116,875 

Infiltration Gallery 

Footage Needed 150 750 1,400 

Method 10' plow 10' plow 10' plow 

Cost $18,550 $31,150 $50,600 (2 sumps) 

Contingency (25%) $4,650 $7,800 $12,650 

Total Cost $23,200 $38,950 $63,250 

N ote: Cos~ for engineering design, field supervision, flood protection, pumps, and 
surface pipeline connections not included. 
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ESA Geotechnical Consultants 
DR:LLING AND SAMPL I NG LOG 

PRO J E C T 0'("a ¥13 e y' ler i !-/c Ie 5 D ATE DR ILL E D ih u {" . ""?b 0 q c3 q H 0 LEN ('. T H - "3 
LOCATION 71lU 22 - TZOAf ( (Z./OquJ f'~~~i'Wf'Y to c.vy GROUND SURFACE ELEV. ~ b /80 

DRILLI NG CO~TR ACTO R nOM-aS ])'(,' C; LOGGED BY -' 'S ~ DEPTH TO GROUND WATER 5.0 It 
TYPE OF RIGr~~~d'tr~wHOLE DIAMETER ~II HAMv=:R WEIGHT AND FALL Pril!..,/ air j:-6o~ 
SURFAC E CON D I T ION 5 ]),. Y WEAT HER Col d} Vy; ('\ d Yy /,~qht (u:'f) 

LOCQie. J 20 f t -F,.~ r I V~ V" 
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LJ/\ \.JeULt::LflfIILdl \-Url~Unan(S 

DRILLING AND SAMPLING LOG 

PROJECT GrQ'f\jef --r~ f./ofe5 DATE DRILLED mur, t,f, (JCT8'er HOLE NO. T,I--f- Lj 
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DEPTH CLASS. FIELD DESCRIPTION SAMPLE MODE REMARKS 
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t')A lJeotechnical Consultants 
DRILLING AND SAMPLING LOG 
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L-J~ \JCUlC\..IIIII\..d.1 \.....UIl~Ulld.l'l~ 

DRILLING AND SAM P LIN G LOG 
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E:mpire Laboratories, Inc. 
GEOTECHNICAL ENGINEERING & MATERIALS TESTING 

November 14, 1989 

ESA Consultants 
2625 Redwing Road, Suite 135 
Fort Collins, Colorado 80526 

Attention: Mr. Jim Glennie 

Re: Laboratory Test Results 
Granger Test Holes 
ESA Project No. 3414 

Gentlemen: 

CORPORATE OFFICE 
P.O. Box 503 • 301 No. Howes 
Fort Collins, Colorado 80522 
(303) 484-0359 
FAX No. (303) 484-0454 

Enclosed are the results of a washed sieve analysis performed on a sample 
of material deliver'ed to our laboratory on November 9, 1989. The analysis 
was performed on a composite of samples from test hole 6 at depths of 
6-7 ' ,8-9', 10-11', 12-13 ' and 14'. The five samples were each split 
individually. The composite sample was made from one split of each in
dividual sample. If you have any questions on the data presented, please 
feel free to contact us at your convenience. 

Very truly yours, 

EMPIRE LABORATORIES, INC. 

d.~c~~f::!:~cI 
Geotechnical Engineer 

tis 

P.O. Box 16859 
Colorado Springs, CO 80935 
(719) 597-21'6 

Branch Offices 

P.O. Box 1135 
Longmont. CO 80502 
(303) 776-3921 

P.O. Box 1744 
Greeley, CO 80632 
(303) 351-0460 

Member of Consulting Engineers Council 

P.O. Box 5659 
Cheyenne, WY 82003 
(307) 632-9224 



SIEVE RNALYSIS 

CLIENT NAME: ESA CONSULTANTS 

~;Ar'lPLE NUr--lBER; TH-6 COMPOSITE e 6. 0} -14 .0'" 

r"lATERIf1L: - L .5' AGGREGATE 

SOURCE or MATERIAL: GRANGER TEST HOLE 

DATE SRt·1PLED: NOVENEER 10, 1989 

SIEVE SIZE ~ PASSING 

1-1/2 INCH 100.0 

1 INCH 99.8 

3/4 INCH 96.9 

1/2 Ir···JCH 85.8 

3/8 If"··lCH ? 1 .13 

~~ 44.8 

i10 26. 1 

'*20 14.5 

~~a 8.2 

i60 4.4 

i100 2.9 

'*208 1 .8 

EMPIRE LABORATORIES INC. 
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GRA1N SIZE DISTRIBUTION CURVE 

PROJECT: ESA CONSULTANTS PROJECT #3414 - GRANGER TEST HOLES 
LOCATION OF SAMPLE: TH-6 COMPOSITE @ 6.0~-14.0~ 
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~001 .01 
, 10 • 1 1 . 0 

OPENING SIZE IN MILLIMETERS 
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~/ SAND "'.' GF~A'v'EL ,<- /y 
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D10= .525mm D30= 2.455mm D6 t1= 7. 4 1 mm Cc = 1 . 5 Cu = 14. 1 



STEWART ENVIRONMENTAL CONSULTANTS, INC. 
Consulting Engineers and Scientists 

November 22, 1989 

Mr. Jim Glennie 
ESA Geotechnical Consultants 
2625 Redwing Road, suite 135 
Fort Collins, Colorado 80526 

Client Name: 
SEC Job No.: 
Sample Name: 
Sample No.: 
Sample Date: 

TABLE 1 
PAGE 1 OF 2 

ESA Consultants 
630-001 
3414 TH-6 End Pt-2 
16042 
11/01/89 

Office & Laboratory: 
214 North Howes Street 

P.O. Box 429 
Fort Collins. Colorado 8Q522 

(303) 482-1348 
FAX (303) 482-0531 

==============--============================================ 

PARAMETER 

INORGANICS 

pH 

Total Dissolved 

Sulfate 

Nitrate 

Chloride 

Alkalinity-Total 

Solids 

AVERAGE 
VALUE 

7.79 

340 

135 

NO 

5 

168 

STD. 
DEV. 

DETECT 
LIMIT ANALYST 

0.01 EGM 

2.0 PAR 

5.0 EGM 

0.01 JPC 

1.0 EGM 

3.0 PAR 

All values are reported in mg/L unless otherwise noted. 

NO = Not Detected 



Client Name: 
SEC Job No.: 
Sample Name: 
Sample No.: 
Sample Date: 

TABLE 1 
PAGE 20F 1 

ESA Consultants 
630-001 
3414 TH-6 End Pt-2 
16042 
11/01/89 

=========================================================== 

PARAMETER 

METALS 

Calcium 

Sodium 

Potassium 

Magnesium 

AVERAGE 
VALUE 

STD. 
DEV. 

41 0.9 

42 0.6 

2.03 0.04 

19.1 0.7 

DETECT 
LIMIT ANALYST 

0.05 JPC 

0.05 JPC 

0.028 JPC 

0.01 JPC 

=========================================================== 

All values reported as mg/L unless otherwise noted. 

If you have any questions or comments, please do not hesitate 
to contact us. 

Sincerely, 

STEWART ENVIRONMENTAL CONSULTANTS, INC. 

~7~>-
Jeffrey P. Cannon 
Laboratory Manager 

630-001\22nov89.lab 

• STEIMIRT ENVIRONMENTAL CONSUUANTS./NC. 



09217000 GRf.F.:i RIVER NEAR GREEN RIVER, 'WYO 

(Before construction of Fontenelle O:'lm) 
LOCATION.--Lat 41°30'59", long 109°26'54", in N\.'\NE\NE\ sec.26, T.18 N .• R.I07 'W., Sl.'eetl.'ater County, on ri~ht hank 

0.1 mi downstreRm from Bitter Creek, 1.0 mi southeast of town of Green River, and 4.0 mi upstream from high-water 
line of Flaming Gorge Reservoir. 

DRAINAGE AREA.--Ahout 14,000 mi 2 , of which 4,260 mil, including 3,959 mi 2 in Great Divide Basin in southern Wyoming, is 
probably noncontributing. 

PERIOD OF RECORD.--April 1951 to current year. 

GAGE.--Water-stage recorder. Altitude of gage is 6,060 ft, from topographic map. 

REMARKS.--Some regulation by Fontenelle Reservoir since August 1963. Natural flow of stream affected by transbasin diVer
sions, storage reservoirs, power development, and diversions for irrigation of about 223,000 acres above station. 

EXTREtW.S FOR PERIOD OF RECORD.--Maximum discharge, 16,ROO ftJ/s, September 7, 1965, gage height, 8.53 ft, cau~ed hy 
emergency release from Fontenelle Reservoir; minimum daily discharge, 170 ftl/s, November 16, 1955. 

EXTREMES OUTSIDE PERIOD OF RECORD.--Maximum discharge observed, 22,200 ft 3/s, June 19, 1918, at site 1.5 mi upstre~m. 

Monthly and annual str~amflow 1952-63 

Star.-
dard Coeffi- Percent 

devia- cient of 
Maximum Minimum Mean tion vari-

Month (HJ/s) (ftl/s) (ftJ/s) (ftl/a) ation 

O('loh~r 1310 531 726 239 0.33 
Nov~mber 845 451 630 134 0.21 
Df"cf"mber 703 288 416 119 0.25 
January 670 281 450 121 0.27 
february 868 324 541 192 0.35 
March 1480 482 818 297 0.34 
Apri I 3420 842 1690 893 0.53 
Hay 5610 978 2940 1780 0.60 
June 9320 2720 5470 1990 0.36 
JlIly 6180 757 2170 1540 0.55 
August 1800 575 1270 415 0.33 
S~ptember 1300 462 165 245 0.32 

Annual 2220 799 1550 474 0.31 

Magnitude and probability of instantaneous peak flow 
based on --- years of record 

of 
annual 
runoff 

3.9 
3.4 
2.6 
2.4 
2.9 
4.7 
9.1 

15.8 
29.4 
14.9 
6.8 
4.1 

100 

Discharge, in ttl/s, for indicated recurrence interval 
in yp.ars, and exce~dance probability, in percent 

2 
SO'%. 

5 
2 o "X. 

10 
101, 

25 
41. 

50 
21. 

100 
11. 

Magnitude and probability of annual low flow 
based on period of record 1953-63 

Discharge, in ftl/s, for indicatf"~ 

Period recurrence interval, in yellrs, and 
(con- non-exceedance probability, in percent 
secu-
tive 2 5 10 20 SO 100 
days) SO'%, 20% 101, 51, 2% I'%. 

1 273 221 195 174 
3 279 230 206 181 
7 295 251 231 216 

14 325 280 258 241 
30 365 311 285 266 
60 393 333 305 285 
90 423 364 338 318 

120 464 410 387 371 
183 520 486 477 474 

Magnitude and probability of annual high flow 
based on period of record 1952-63 

Discharge, in ttl/s, tor indicated 
Period recurrence interval, in yeaors, and 

(con- exceedance probabi li ty, in percent 
secu-
tive 2 5 10 25 50 100 
days) 50% 20% 10% 41, 2% 1% 

1 9310 12300 13800 
3 9090 12100 13500 
1 8530 11300 12700 

15 7360 9820 11200 
30 5810 7950 9150 
60 4610 6210 1150 
90 3780 5220 6000 

Duration of daily mean flow for period of record 1952-63 

Discharge, in ftl/a, which was equaled or exceeded for indicated percentage of time 

t% '1% 10% 15% 201. 301. 40" 501. 601. 701. 80% 90'%, 95'%, 98'%, 991, 99.5'%, 99.9'%, 
- -- -

10100 r,()'lO lR70 2R60 2060 1280 994 791 669 584 502 1.02 143 299 273 254 20S 
,-.---"----------~ 



09217000 GREEN RIVER NEAR GREEN RIVER, WYO. 

(Aft~r construction of Fontcn~ll~ Dam) 

Honthly and annual str~amflow 1964-84 Hagnitud~ and probability of annual low flow 
bas~d on periorl ~f record 1965-84 

Stan-
dard Co~ffi- Percent Discharge, in ft)/s, for inrlicat~rl 

rlevia- dent of of Period recurrence interval, in y~lIrs, lind 
Haximum Hinimum Hean tion v.lri- annual (con- non-~xceedance probability, in pf"rcent 

Honth (ftJ/s) (ftJ/a) (ftl/s) (ftl/a) l'tion runoff set:u-
tive 2 5 10 20 50 100 
days) SOl 201 10l. 51 2l. 11 

October 3110 383 1110 60S 0.55 4.9 
Nov~mber 1840 415 913 325 0.36 4.0 
Decemb~r 1420 282 789 297 0.38 3.5 1 401 300 258 228 
January 1380 278 842 328 0.39 3.7 3 423 316 272 241 
F~brllary 1980 277 944 457 0.48 4.2 1 467 347 297 261 
Harch !850 475 1110 432 0.39 4.9 14 528 3al 316 269 
April 2180 516 1630 660 0.39 1.& 30 594 416 337 280 
Hay 4820 496 2590 1280 0.49 11.5 60 672 469 376 j08 
Jun~ ]0500 414 5250 2390 0.46 23.3 90 725 497 393 31f' 
July 8040 368 3930 2360 0.60 11.4 120 716 535 1.23 341 
August 3580 372 1900 742 0.39 S.4 183 896 638 522 436 
Septemb~r 7750 548 1500 1490 0.99 6.6 

Annual 3010 689 1880 574 0.30 100 

Magnitude and prohahility of annllal high flow 
bas~d on period of rf"coni 1964-84 

HaRnitude and probability of instantaneous peak flew 
based on --- years of record Discharge, in fl)/S, for indicat~d 

Period r~currence i nte rva 1, in years, and 
--- (con- ~xc~edanct" probah il i ty, in percent 

Discharge, in ftl/s, for indicated recurrence interval secu-
in years, and exceedance probability, in percent tive 2 5 10 25 50 100 

days) 50'1 20l 101 41, 21 ll. 
2 5 10 25 50 100 

SOl. 20% 101 4'%. 21 It 
1 7910 12200 14400 16500 
3 1820 12000 14100 16200 
1 7500 11400 13300 15100 

15 6720 10000 11600 12900 
30 5910 8630 9920 11100 
60 4850 1080 8210 9310 
90 4130 5820 6660 7460 

Duration of daily mean flow for period of r~cord 1964-84 

Discharg~t in ftl/s, which was equaled or exceeded for indicat~d percentag~ of time 

Il 5'1 tOl 15l 201 30t 40l SOl 60'1 70l SOl 90l 95'1 98'1 991 99.5l 99.9l 

10100 6240 4330 3130 2400 1780 1500 1230 1020 853 693 500 384 313 289 212 250 



STATION 09217000 PERIOD or R[CORD 1952-63 

GR[EN RIVER NEAR GREEN RIVER. Wyo. (BEfORE CONSTRUCTION Of fONTENELlE DAM) 
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STATION 09217000 PERIOD Of RECORD 1964- 84 

GREEN RIVER NEAR GREEN RIVER. WYO. (AfTER CONSTRUCTION Of rONTENELLE DAM) 
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APPENDIXB 

Time and Drawdown Measurements for Step-Drawdown Test 

Time and Drawdown Measurements for Pumping Test No. 1 

Time and Drawdown Measurements for Pumping Test No.2 



GRANGFR TEST HOLES: STEP-ORA'vVD<)\j\i:\1 -TEST 
PU~.:lPING VVELL STEP-DISCHARGE TEST - Ur\JCONFINED ,<-\QUIFE:R 

\A/ELL !'!O,: TH-6 ~ROJECT f'IO.: 

STATIC LEVEL IN FEET: 0.00 TEST DATE: October 31, 19·:-·9 

TEST RATES. GPM: Q1 = 19.00 Q2 = 38.00 03 = 76.00 04 = 9U.00 

TIME STEPS (MIN): T1 = 0.00 T1'=T2= 30.00 T2'~T3= bO.Oe T.J'=(4= 1~4.iJO 

OBSERVED BY: Jim Glen n ie 

FILE NUMBER: GRANST1A.VVK~ 

Parameters & Equations: 

Source: Birsoy, Y. K and VV, K. Summers, 1980. DeterminatIon of aquifer pararne:ers 

from step tests and intermittent pumping data: Grouna Water. v. 18. no. 2, 

March - April, p. 137 -146. 

B(t) = Adjustment Factor, where t = eiapsed time since pumping bega:-t 

Bn(t) = [(t -Ti)/(t - Ti')]exp Ql/0n .... l(t - Tn-l)/(t -Tn-i')iexp Qn-1:0n 

where, Ti = the time the jth pumping rate started. In minutes; 

Ti' = the time the ith pumping rate ended, in minutes; 

n = the number of the step of interest. n = 1, m 

For Step 1: B 1 (t) = 1 

For Step 2: B2(t) = [(t-T1)/(t-T1 ')}exp 01/02 

For Step 3: 83(t) = [(t-T1 )/(t-t1')}expQliQ3 X 

[(t-T2)/(t-T2')]expQ2IQ3 

For Step 4: B4(t) = (t-T1 )/(t-T1'»)exp01/Q4 X 

«t-T2)/(t-T2')]expQ2/Q4 j(t-T3)!(t-T3' )}expQ3/Q4 

s/Qn = Specific drawdown, in ftlgpm 

Qn/s = Specific capacity, in gpm/ft 

Adjusted time = Bn(t)(t-Tn) 



STEP-DISCHARGE TEST - UNCOf'JFINED AQUIFER TH-d PROJEi...;1 3.:.;. -;.:;. 

STEP 1 : 

StatIc Level. ft = 0.00 
Q1 = 19.00 T1 = 0.00 T1' = 30.00 

-'--"-- -----------_.-------
Elapsed S:ep Observed 

Time,t Time Drawdown s/Qi Q1/s 

minutes min s, ft ftigpm gpm/ft Remarks -.---------

0 0.00 Start test 

0.5 0.5 0.33 0.0174 57.58 

1.0 0.5 0.32 0.0166 60.32 
1.5 0.5 0.32 0.0166 60.32 

2.0 0.5 0.32 0.0163 59.38 

2.5 0.5 0.33 0.0171 58.46 

3.0 0.5 0.32 0.0168 59.38 

5.0 2.0 0.39 0.0205 48.72 

6.1 1.1 0.39 0.0205 48.72 

7.0 0.9 0.39 0.0205 48.72 

8.0 1.0 0.39 0.0205 4c.72 

11.0 3.0 0.51 0.0268 37.25 

15.0 4.0 0.51 0.0268 37.25 

17.0 2.0 0.52 0.0271 36.89 

18.0 1.0 0.52 0.0271 36.89 

20.0 2.0 0.52 0.0274 36.54 

24.0 4.0 0.53 0.0279 35.85 

30.0 6.0 0.53 0.0279 35.85 



STEP-DISCHARGE TEST - UNCONFINED A(.lUIFER TH-6 eRO..;t:C-j 2.+ ~ 4 

:STEP 2 I 

Static Water Level, ft = 0.00 

01, gpm = 19.00 Tl = 3C 
02. gpm = 38.00 01/Q2 = 0.50 

Elapsed Step Obser'led ,A,djusted 

Time. t Time Drawdown (t-Tl)/ Time siQ2 Q2is 

minutes min s, ft (t-T1') B(t) minutes ftfgpm 9E-~lft ___ , ____ , .. ____ _ 

30.0 0.0 0.53 0.0000 0.00 

32.0 2.0 1. 11 16.0 4.00 8.0 0.0148 67.57 

35.0 3.0 1.13 7.0 2.65 13.2 0.0151 66.37 

40.0 5.0 1.14 4.0 2.00 20.0 0.0152 65.79 

45.0 5.0 1.14 3.0 1.73 26.0 0.0152 65.79 

50.0 5.0 1.14 2.5 1.58 31.6 0.0152 65./9 



STEP-DISCHARGE TEST - UNCONFINED AQUIFER TH-o PhOJt=C-1 :';414 

STEP 3 j 

Static Water Level. ft = 0.00 

Q1.gpm= 19.00 T1= 0 

Q2. gpm = 38.0C QlfQ3 = 0.25 T1' = T2 = 30.00 

Q3, gpm = 75.00 Q2fQ3= 0.51 T2' = T3 = 5C.00 

Elapsed Step Observed Adjusted 

Time,t Ti;119 Drawdown (t-T1)1 (t-T2)1 Time s/Q3 Q3/s 

minutes min s. ft (t-T1') (t-T2') 8(t) minutes~9_pn _gprT!Tt ________ 

50 0.0 1.14 0.0300 0.00 

53.50 3.5 2.78 2.3 6.7 3.23 11.3 0.0371 26.98 

55.50 2.0 2.84 2.2 4.6 2.65 14.6 0.0379 26.41 

58.00 2.5 2.91 2.1 3.5 2.27 18.1 0.0388 25.77 

60.00 2.0 2.94 2.0 3.0 2.08 20.8 0.0392 25.51 
69.00 9.0 2.99 1.8 2.1 1.66 31.6 0.0399 25.)8 

76.00 7.0 3.01 1.7 1.B 1.52 39.4 0.040i 2;;';',82 

32.00 6.0 3.14 1.6 1.6 1.44 45.9 0.0419 23.89 

86.00 4.0 3.18 1.5 1.6 1.39 50.2 0.0424 23.58 

91.00 5.0 3.19 1.5 1.5 1.35 55.5 0.0425 2S.51 
98.00 7.0 3.24 1.4 1.4 1.31 62.8 0.0431 23.1b 

104.00 6.0 3.24 1.4 1.4 1.28 69.1 0.0432 23.15 
109.00 5.0 3.26 1.4 1.3 1.26 74.2 0.0435 23.01 

113.00 4.0 3.28 1.4 1.3 1.24 78.3 0.0437 22.87 

118.00 5.0 3.28 1.3 1.3 1.23 83.5 0.0437 22.87 

120.00 2.0 3.29 1.3 1.3 1.22 85.5 0.0438 22.83 
124.00 4.0 3.29 1.3 1.3 1.21 89.6 0.0438 22.83 



STEP-DISCHARGE TESTS - UNCONFINED AQUIFER TH-6 PROJECl J4'1 <+ 

Static Water Level, ft = 
Q1, gpf1'1 = 19.00 

Q2, gpm = 3800 Q1iQ4 = 
03, gpm = 75.00 Q2/Q4 = 
Q4. gpm = 90.00 03/04 = 

Elapsed Step Observed 

Time, t Time DraWdown (t-T1)J 

minutes min s, ft (t-T1') 

124 0.0 3.29 

127.00 3.0 4.38 1.3 

131.00 4.0 4.32 1.3 

135.00 4.0 4.23 1.3 

139.00 4.0 4.26 1.3 

144.00 5.0 4.36 1.3 

149.00 5.0 4.50 1.3 

154.00 5.0 4.42 1.2 

159.00 5.0 4.66 1.2 

164.00 5.0 4.55 1.2 

169.00 5.0 4.62 1.2 

176.00 7.0 4.77 1.2 

179.00 3.0 4.66 1.2 

184.00 5.0 4.50 1.2 

189.00 5.0 4.50 1.2 

194.00 5.0 4.56 1.2 

201.00 7.0 4.56 1.2 

209.00 8.0 4.49 1.2 

214.00 5.0 4.71 1.2 

219.00 5.0 4.80 1.2 

221.00 2.0 4.47 1.2 

225.00 4.0 4.67 1.2 

229.00 4.0 4.75 1.2 

'STEP 4: 

0.00 

Tl = 
0.21 T1' =T2= 

0.42 T2' = T3 = 

0.33 T3' =T4= 

(t-T2)/ (t-T3)i 

(t-T2') (t-T3') 

1.3 25.7 17.44 

1.2 11.6 8.92 

1.2 7.7 6.34 

1.2 5.9 5.06 

1.2 4.7 4.14 

1.2 4.0 3.57 

1.2 3.5 3.18 

1.2 3.1 2.89 

1.2 2.9 2.67 

1.2 2.S 2.50 

1.2 2.4 2.31 

1.2 2.3 2.25 

1.1 2.2 2.15 

1.1 2.1 2.07 

1.1 2.1 2.00 

1.1 2.0 1.91 

1. 1 1.9 1.83 

1.1 1.8 1.79 

1.1 1.8 1.75 

1. 1 1.8 1.73 

1.1 1.7 1.71 

1.1 1.7 1.68 

~u.oo 

50.00 

124.00 

Adjt;st€d 

Time 

52.3 

62.5 

69.7 

75.9 

82.8 

89.2 
(.."" ~~ .... .., 
v.....,'" v 

101.2 

107.0 

112.6 

120.4 

123.6 

129.1 

134.4 

139.8 

147.2 

155.6 

iSO.8 

166.0 

168.1 

172.3 

176.4 

0.0436 

0.J487 

0.048-J 

0.0470 

0.0473 

0.048,-> 

0.0500 

O.J4~·1 

:).0518 

0.05.]6 

O.05i3 

0.0530 

0.0518 

0.0500 

0.0500 

0.0507 

0.0507 

0.0499 

0.05~3 

0.0533 

0.0497 

0.0519 

0.0526 

O.JO 

20.55 

20.83 

21.28 

2-; .13 

2J.tA 

20.00 

2.0.;..~6 

19.31 

1·').7t 

i9.48 

18.37 

19.31 

20.00 

20.00 

19.74 

19.74 

20.04 

19.11 

18.75 

20.13 

i9.27 

18.95 



GR.AJ\lC3ER TEST HOLFS: PlJr'.~PtNG TEST "'!O. 1 

COi'iST ANT DISCHARGE TEST - UNCONFiNED :-<,Ql;iFER 

CBSERVA nON \/VELL: NONE P80JECT l~U.: ).:.,. 4 

TEST V;iELL: TH-o DATE OF TEST: 1 NOV:9 

STATIC \iVATER LEVEL, FEET: OBSERVED BY: j S GU=Ni'~li 

RADIUS r. FEET: 0.00 AVE. DISCHAHGE. Q: 72.00 

r SQ. 0.00 SATURATED THICKNESS, m. fEF ~.50 

ADJUSTED DRAWDOWN, s(a): s - s sq/2m, FEET FILE: GRANGPT1.V'vK 1 

----------------_._---------' ._---_ .. - .... -_ .. 
Elapsed Oeser-vee! Adjusted 

Time. t Drawdown Drawdown 

minutes s. ft RemarKs 

0.0 0.000 0.000 Start test 

0.5 1.970 1.742 75 gpm 

1.0 2.050 1.803 

1.5 2.140 1.871 

2.0 2.120 1.856 

2.5 2.130 1.863 

3.0 2.140 1.871 

3.5 2.140 1.871 

4.0 2.170 1.893 

4.5 2.170 1.893 

5.0 2.180 1.900 72gpm 

6.0 2.200 1.915 

7.0 2.230 1.937 

8.0 2.235 1.941 70.6 gpm 
9.0 2.550 2.168 

10.0 2.500 2.132 70.7 gpm 

12.0 2.270 1.967 71:5 gpm 
14.0 2.260 1.960 68.6 gpm 

16.0 2.270 1.967 70.5 gpm 

18.0 2.240 1.945 60.4 gpm 

20.0 2.240 1.945 74.8 gpm 

22.0 2.400 2.061 

24.0 2.415 2.072 72.8 gpm 

26.0 2.420 2.076 72.9 gpm 

28.0 2.410 2.068 72.6 gpm 

30.0 2.410 2.068 70.8 gpm 

35.0 2.430 2.083 75.2 gpm 

40.0 2.415 2.072 69.8 gpm 

45.0 2.400 2.061 69.9 gpm 



--~~,-.~.~.--------~-.--.-- ------- ----~~---- ----------_.--_._-_.- -

E1:lpsed O:;se :"Jec f\.ciusted 

Time, t D'awGown Drawd:)\.Hl 

minutes s. ft s(a),ft RemarKs 
.. -.-- -_._.- ---~-----~~---------------- ----_ . 

50.0 2.400 2.061 68.6 gpm 

55.0 2.650 2.237 Increase Q 

57.0 2.690 2.264- 72.6 gpm 

60.0 2.720 2.285 

65.0 2.710 2.278 74.9 gpm 

70.0 2.720 2.285 74.6 gpm 

75.0 2.720 2.285 74.1 gpm 

80.0 2.730 2.292 

85.0 2.740 2.298 74.1 gpm 

90.0 2.750 2.306 

95.0 2.750 2.305 76.4 gpm 

,00.0 2.750 2.305 

105.0 2.750 2.305 74.6 gpm 

110.0 2.750 2.305 

115.0 2.760 2.312 75.0 gpm 

120.0 2.770 2.319 Pump off 

120.5 0.520 0.504 Begin recovery 

121.0 0.410 0.400 

12: .5 0.350 0.343 

122.0 0.325 0.319 

122.5 0.305 0.300 

123.0 0.275 0.271 

123.5 0.265 0.261 

124.0 0.265 0.261 

124.5 0.260 0.256 

125.0 0.250 0.246 

125.5 0.240 0.237 

126.0 0.220 0.217 

127.0 0.220 0.217 

128.0 0.205 0.203 

129.0 0.190 0.188 

130.0 0.185 0.183 

132.0 0.165 0.163 

134.0 0.145 0.144 

136.0 0.125 0.124 

139.0 0.115 0.114 

140.0 0.105 0.104 

145.0 0.085 0.085 

150.0 0.065 0.065 

155.0 0.055 0.055 

160.0 0.046 0.046 

165.0 0.040 0.040 

170.0 0.027 0.027 End recovery 



PUMPING TEST r\jO. 2 
COi'JST ANT DISCHARGE TEST - UNCONFINED AQuIFER 

OBSERVATION VJELL: NONE Pf~OJECT C'..lO.: 

TEST \NELL: TH-6 DATE OF TEST: i i"!OV.:39 

STATIC WATER LEVEL, FEET: OBSERVED t3Y. J S GLENNIE 

RADIUS r, FEET: 0.00 AVE. DISCHARGE, Q: 89.10 

r sq. : 0.00 SATURATED THICKNESS, m, FEE- 3.50 

ADJUSTED DRAWDOWN, s(a): 5 - 5 5q/2m, FEET FILE: GRANGPT2.VvKl 

Elapsed Observed Adjusted 

Time, t Drawdown Drawdown 
min utes 5, ft s(a), ft 

--------~~-----------------------------
Remarks 

0.0 O.OOC 0.000 Start test 

0.5 2.400 2.061 90 gpm 

1.0 2.540 2.160 

1.5 2.590 2.195 

2.0 2.620 2.216 

2.5 2.655 2.240 

3.0 2.695 2.268 

3.5 2.750 2.305 
4.0 2.730 2.292 

4.5 2.730 2.292 

5.0 2.750 2.305 82gpm 

6.0 2.780 2.325 
7.0 2.810 2.346 84gpm 

8.0 2.940 2.432 

9.0 2.945 2.435 89gpm 

10.0 3.125 2.551 

12.0 3.134 2.556 90 gpm 

14.0 3.250 2.629 
16.0 3.255 2.632 86.1 gpm 

18.0 3.305 2.662 92gpm 

20.0 3.405 2.723 89.8 gpm 

22.0 3.400 2.720 85.2 gpm 

24.0 3.415 2.729 adj 87.7 

26.0 3.490 2.774 87.2 gpm 
28.0 3.430 2.738 adj 91.9 
30.0 3.530 2.797 89.4 gpm 



Elapsed O~ser\fed Adjusted 

Time. t Drawdown Drawdown 

minutes s. ft it RemarKs 

35.0 3.635 2.886 91.3 gpm 

40.0 3.730 2.912 92.3 gpm 

45.0 3.735 2.914 93.3 gpm 

50.0 3.750 2.923 91.6 gpm 

55.0 3.775 2.937 92.6 gpm 

60.0 3.785 2.942 93.0 gpm 

65.0 3.850 2.978 88.2 gpm 

70.0 3.845 2.975 92.3 gpm 

80.0 3.335 2.970 90.0 gpm 

9C.O 3.845 2.975 92.2 gpm 

100.0 3.785 2.942 90.1 gpm 

110.0 3.815 2.959 87.5 gpm 

120.0 3.820 2.962 Pump off 

120.5 0.700 0.671 Begin recovery 

121.0 0.520 0.504 

121.5 0.415 0.405 

122.0 0.380 0.372 

122.5 0.350 0.343 

123.0 0.300 0.295 

123.5 0.295 0.290 

124.0 0.285 0.280 

124.5 0.285 0.280 

125.0 0.270 0.266 

126.0 0.250 0.246 

127.0 0.218 0.215 

128.0 0.220 0.217 

129.0 0.235 0.232 

130.0 0.190 0.188 

132.0 0.165 0.163 

134.0 0.125 0.124 

136.0 0.125 0.124 

138.0 0.115 0.114 

140.0 0.090 0.090 

142.0 0.092 0.092 

144.0 0.062 0.062 

146.0 0.060 0.060 

148.0 0.050 0.050 

150.0 0.045 0.045 

152.0 0.034 0.034 

154.0 0.030 0.030 

156.0 0.030 0.030 

158.0 0.022 0.022 

160.0 0.020 0.020 



Elapseri Observed Adjusted 

T:me, t Drawdcwn Drawdown 

minutes s, it s(a), ft Remarks ------- .-~.----- ----- . -- -

162.0 0.010 0.010 

164.0 0.000 0.000 

166.0 -0.005 -0.005 

168.0 -0.005 -0.005 

170.0 -0.005 -0.005 

175.0 -0.010 -0.010 

180.0 -O.Oi2 -0.012 End recovery 



I 

APPENDIXC 

Time-drawdown Curves 

(Figures C-l thru C-8) 



TIME-DRAWDOWN CURVES 

Figure C-l Drawdown/Discharge vs. log adjusted time for step-drawdown test 

Figure C-2 Log time vs. log adjusted drawdown for Pumping Test No.1 

Figure C-3 Drawdown vs. log time for Pumping Test No.1 

Figure C-4 Recovered water level vs. log t/t' for recovery period 
following Pumping Test No. 1 

Figure C-S Log time vs. log drawdown for Pumping Test No.2 

Figure C-6 Recovered water level vs. log t/t' for recovery period 
following Pumping Test No.2 

Figure C-7 Calculation of well efficiency using drawdown vs. 
log distance for pumping tests Nos. 1 and 2 

Figure e-8 Verification of transmissivity using drawdown vs. 
log distance for pumping tests Nos. 1 and 2 
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Figure C-2 Log time vs. log adjusted drawdown for Pumping Test No. 1 
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PUMPING WELL: GRANGER TEST HOLE NO. 6 

10 
PUMPING TEST NO. 2 NOVEMBER 1, 1989 Q - 89.1 GPM 
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Figure C-5 Log time vs. log drawdown for Pumping Test No.2 
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APPENDIXD 

I Contractors 



CONTRACTORS 

InfH tration Galleries 

Loloff Construction; Kersey, CO. Ed Loloff (303) 353-1621 
(agricultural drain plow) 

Industrial Builders; Fargo, ND. Kent Sand (701) 282-4977 
(European trenching machine) 

Small Diameter Wells 

Thomas Drilling; Afton, WY. Vaughn Thomas (307) 886-3976 

Jones Drilling; Rock Springs, WY. Tom Bowden (307) 362-3162 

A-I Nordwick Drilling; Riverton, WY. Brant Nordwick (307) 856-4390 

Brady Drilling; Green River, WY. Bill Brady (307) 875-5482 

Weber Drilling; Jackson Hole WY. Jack Weber (307) 733-3343 

Large Diameter Wells 

ELCO Drilling; Casper, WY. Dick Ludwig, Jr. (307) 235-1355 

Rathole Drilling; Casper, WY. Gary Frank (307) 472-0812 

A-I Nordwick Drilling; Riverton, WY. Brant Nordwick (307) 856-4390 

Well Screens 

Johnson Well Screens; Denver, CO. Mike Mehmert (303) 670-1077 

Infiltration Gallery Screens 

Advanced Drainage Systems; Fort Collins, CO. (303) 493-0266 

Pumps 

Warco Pumps; Rock Springs, WY. Randy Ward (307) 382-5129 



APPENDIX D 



CLASS III CULTURAL RESOURCE INVENTORY 
FOR THE GRANGER PIPELINE PROJECT, 

SWEETWATER COUNTY, WYOMING 

Prepared for 

Arix Corporation 
Riverton, Wyoming 

By 

William E. Batterman 
Craig S. Smith 

Under 
Cultural Resource Permit No. 015-WY-C088 

Mariah Associates, Inc. 
Laramie, Wyoming 

October 1989 



TABLE OF CONTENTS 

1.0 INTRODUCTION................................................. 1 
1.1 PROJECT LOCATION ..•••.•••..•.••..•....••......•........ 1 
1.2 DESCRIPTION OF UNDERTAKING ••••••...••...... '............ 1 

2 . 0 ENVIRONMENTAL SETTING •••••••••••••••••..••.••.•••••••••.•.••• 6 

3.0 

4.0 

CLASS 
3.1 
3.2 
3.3 
3.4 
3.5 
3.6 
3.7 
3.8 
3.9 
3.10 
3.11 
3.12 

SECTION 21, 
SECTION 29, 
SECTION 30, 
SECTION 31, 

METHODS 

10 
10 
11 
11 

12 

5 • 0 RESULTS...................................................... 13 
5.1 NEWLY RECORDED SITES •••••••.••••...•...•••..••..•......• 13 

5.1.1 Site 48SW7751 
5.1.2 Site 48SW7752 
5.1.3 Site 48SW7753 
5.1.4 Site 48SW7754 

13 
16 
19 
21 

5.1.5 Site 48SW7755 ••••••••••••.•••••.••••••••••••..... 23 
5.2 PREVIOUSLY RECORDED SITE ••••••••••••••••••...••......... 25 
5.3 ISOLATED FINDS ••••••••••••••••••.....•••••••.••••.•.•.•• 25 

6.0 EVALUATIONS AND RECOMMENDATIONS •••••••••.•••••.•....•••...••• 26 
6.1 EVALUATIONS............................................. 26 
6.2 RECOMrtiENDATIONS......................................... 27 



LIST OF FIGURES 

Figure 1.1 Location of the Granger Pipeline Project, Sweetwater 
water County, Wyoming, 1989 ••....•..•••............... 2 

Figure 1.2 Map Showing the Pipeline ROWand the Location of 
Cultural Resources, Granger Pipeline Project, 
Sweetwater County, Wyoming, 1989 ..••••••...•.•.••.•... 3 

Figure 1.3 Map Showing the Pipeline ROWand the Location of 
Cultural Resources, Granger Pipeline Project, 
Sweetwater County, Wyoming, 1989 •.•••.••.....•.....••. 4 

Figure 1.4 Map Showing the Pipeline ROWand the Location of 
Cultural Resources, Granger Pipeline Project, 
Sweetwater County, Wyoming, 1989 ..•••••..•...••......• 5 

Figure 5.1 Site Map, 48SW7751, Granger Pipeline Project, 
Sweetwater County, Wyoming, 1989 ••.••••••.•.•••.....•. 15 

Figure 5.2 Site Map. 48SW7752, Granger Pipeline Project, 
Sweetwater County, Wyoming 1989 ......•................ 18 

Figure 5.3 Site Map, 48SW7753, Granger Pipeline Project, 
Sweetwater County, Wyoming, 1989 ..•.•••......•........ 20 

Figure 5.4 Site Map, 48SW7754, Granger Pipeline Project, 
Sweetwater County, Wyoming, 1989 ••••••••••..••••••••.• 22 

Figure 5.5 Site Map, 48SW7755, Granger Pipeline Project, 
Sweetwater County, Wyoming, 1989 •••••••••.••••••••.•.• 24 



LIST OF TABLES 

Table 5.1 Summary Information of Cultural Resources within 
Project ROW, Granger Pipeline, Project, Sweetwater 
County, Wyoming, 1989 •••••••••••••.•.•••............... 14 

LIST OF APPENDICES 

APPENDIX A: IMACS Site forms 

APPENDIX B: Isolated Artifact Record Forms 



1.0 INTRODUCTION 

This report details the results of a Class I and Class III cultural 

resource inventory conducted in September 1989 by Mariah Associates, Inc. 

(Mariah) on behalf of Arix Corporation (Arix). This inventory entailed the 

examination of 8.4 mi (13.7 km) of the right-of-way (ROW) for a water pipeline 

for the town of Granger, Wyoming. 

Craig Smith served as principal investigator, and William Batterman 

conducted the field work. The inventory was completed under Bureau of Land 

Management (BLM) Cultural Resource Use Permit No. 015-WY-C088. 

1.1 PROJECT LOCATION 

The proposed water pipeline would be located in southwest Wyoming about 

15 mi (24 km) northwest of Green River, Sweetwater County, Wyoming (Figure 

1.1). The inventoried portion of the proposed pipeline begins just north of 

Westvaco in Section 15, T19N, R110W. It continues northeast through Sections 

1, 11, 12, and 14, T19N, R110W; Section 6, T19N, R109W; and Sections 20, 21, 

29, 30, and 31, T20N, R109W. The pipeline would end at a pumping station at 

the Green River in Section 16, T20N, R109W. The inventoried area is 

encompassed by the Blue Point and Stevens Flat, Wyoming U.S. Geological Survey 

(USGS) 7.5' quadrangles, 1961 (photorevised 1980) (Figures 1.2-1.4). The 

pipeline would cross lands managed by the U.S. Bureau of Reclamation as well 

as privately owned lands. Small areas of "BLM and state managed lands would 

also be crossed. 

1.2 DESCRIPTION OF UNDERTAKING 

The town of Granger proposes to build a water pipeline from its existing 

line at Westvaco to the Green River. Construction would involve placing a 

pipeline within a 100-ft (30-m) ROW mainly along an existing disturbance 

corridor. This corridor contains transmission lines, other water pipelines, 

and a gravel road. Along most of its route, the ROW centerline is located 75 

ft (23 m) northwest of an existing power line. 
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location of the Granger Pipeline Project, Sweetwater County, Wyoming, 1989. 
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Figure 1.3 Map Showing the Pipeline ROWand the Location of Cultural Resources, Granger Pipeline Project, 
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(1:24,000 Scale), 1961 (Photorevised 1980). 



19' 

, 
" ." . 8M 

'(6361 

\ 

." 
Ii 

\ 

.' 
~ 

\ f(I\"g 
Oe0' 

\ 
\ 

\ 
\ 

20 
\ 

\ [-It" 

\ 

\ 

..-

5 

RI09W 

\ 
\ 

\. 
\ 

'\ 

PUMP STATION 

\ 
8M 

\ 6361 

" \ 

16 • 

28 

\ 

\ 
\ 

! 

/ 

Figure 1.4 Map Showing the Pipeline ROWand the Location of Cultural 
Resources. Granger Pipeline Project, Sweetwater County. 
Wyoming. 1989. Map From Stevens Flat, Wyoming Quadrangle, 
USGS 7.5' Series (1:24,000 Scale). 1961 (Photorevised 1980). 

T20N 



b 

2.0 ENVIRONMENTAL SETTING 

The Granger Pipeline Project area is in the Green River Basin, an 

elevated plain or plateau characterized by badlands, escarpments, mesas, and 

buttes. The elevation within the project area varies from "6190 ft (1887 m) 

along the Blacks Fork and Green Rivers to 6485 ft (1977 m) between the two 

rivers. 

Vegetation consists primarily of low sagebrush mixed with rabbitbrush and 

short bunch grasses. An extensive area of greasewood vegetation occurs along 

the alluvial flats of the Blacks Fork River floodplain. Ground cover varies 

from 10% in gravelly colluvial areas above the rivers to 60% in the greasewood 

flats. Soils consist of gr"avelly silts and sandy silts in the upland areas 

and alkaline loams and clays in the Blacks Fork floodplain. Several areas 

contain recent (Holocene) aeolian deposits consisting of fine- and medium

grained sands which have aggraded into dunes. 

Typical high plains fauna are present in the area, including pronghorn, 

coyote, badger, skunk, cottontail, and jackrabbit. Several species of 

waterfowl, upland game birds, raptors, and other birds inhabit the area. 

Disturbances in the project area include gravel roads, two-track roads, 

railroad tracks, transmission lines, pipelines, buried telephone cables, 

drainage ditches, an-abandoned canal, and livestock grazing and trampling. 
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3.0 CLASS I FILE SEARCH 

On August 29, 1989, a file search was conducted through the Wyoming State 

Archives, Museums, Historical Department, Cultural Records Section, Laramie, 

Wyoming. The search was performed for all sections in which the Class III 

cultural resource inventory was conducted. The following is a summary by 

section of previous projects and recorded sites. 

3.1 SECTION 6, T19N, RI09W 

In 1976, Western Wyoming College (WWC) performed a Class III cultural 

resource inventory of the Green River-Blacks Fork Pipeline for Upland 

Industries. This was a linear survey conducted in the NW of the section. No 

sites or isolated finds were recorded. The inventory area is outside the 

proposed project ROW. 

In 1982, Commonwealth Associates conducted a Class III linear survey for 

finds (IFs) were the Frontier Pipeline Project. No sites or isolated 

recorded. 

3.2 SECTION 1, T19N, RIIOW 

WWC conducted portions of the Green River-Blacks Fork Pipeline survey in 

the SE and NE of this section. No sites or IFs were located. The areas 

surveyed do not cross the proposed Granger Pipeline ROW. 

3.3 SECTION 11, T19N, RII0W 

Commonwealth Associates conducted portions of the Frontier Pipeline 

survey in this section. One prehistoric site (48SW5065) was recorded in the 

NWSWSWNWSW of the section, well outside the current project area. The site 

contains artifacts and fire hearths and was recommended as eligible for the 

National Register of Historic Places (NRHP). 

An additional site (48SW1226) 

Commission (WRC). This site 

was recorded by 

is the historic 

the Wyoming Recreation 

Overland Trail and was 



recommended as eligible for the NRHP, a recommendation with which the Wyoming 

State Historic Preservation Office (SHPO) concurred. The trail crosses the 

Granger Pipeline ROW in the NENWSWSESW of the section. It is discussed below 

in Section 5.2. 

3.4 SECTION 12, T19N, R110W 

The Green River-Blacks Fork Pipeline was surveyed by WWC in portions of 

this section. The linear areas surveyed are outside the current project area. 

No sites or IFs were located. 

Commonwealth Associates conducted a portion of the Frontier Pipeline 

Class III inventory in this section and recorded one prehistoric site 

(4SSW5066) in the SWSESWNENE of the section. The site consists of artifacts 

and fire hearths and was recommended as eligible for inclusion in the NRHP. 

It is well outside the current project area. 

3.5 SECTION 14, T19N, R110W 

In 1982, WWC conducted a Class III inventory of core holes for FMC 

Corporation. One acre was surveyed in the NESWNENWSE of the section. A 

single prehistoric site was recorded in the SSWNW (Site 48SW5119) consisting 

of artifacts and fire hearths. It was recommended as eligible for NRHP 

inclusion, but it is outside of the proposed project ROW. 

The Overland Trail (48SW1226) crosses this section in the NENENENE. It 

is discussed in Sections 3.3 and 5.2. 

3.6 SECTION 15, T19N, R110W 

High Plains Consultants conducted a Class III linear survey for Mountain 

Bell in 1982. None of the areas surveyed are within the proposed Granger 

Pipeline ROW. Three prehistoric open campsites (Site 48SW4317, -4318, and-

4319) were found in this section. None are considered eligible for the NRHP. 
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~TC conducted a Class III block survey of core holes for FMC Corporation 

in this section. A total of two acres was inventoried in the SWSENWSWSE and 

the NWSESWSENE. A single eligible prehistoric site (48SW5119) extends into 

this section. It is outside the proposed project area. 

Commonwealth Associates' Frontier Pipeline Project extended into this 

section. During this linear survey, a prehistoric site (48SW5069) was 

recorded; it was not eligible for the NRHP. The site is in the NWSESWNWNW of 

the section and consists of artifacts and fire hearths. The site is not 

within the proposed project ROW. 

The Overland Trail (48SW1226) crosses the northwest portion of the 

section. It is described in Section 5.2. 

Historic Marston Station (Site 48SW4018) was recorded by the WRC in the 

SE of the section. Its NRHP eligibility status is unknown, but it does not 

appear to be within the proposed project area. The WRC also recorded the to~n 

of Westvaco (Site 48SW4019). It is in the SESE of the section and would not 

be affected by this project. 

3.7 SECTION 16, T20N, R109W 

No projects have been conducted in this section. The FMC Water In-Take 

has been assigned site number 48SW4048 by the WRC. It is in the NENW of this 

section and would not be affected by this project. 

3.8. SECTION 20, T20N, R109W 

In 1976, WWC conducted a Class III cultural resource inventory of drill 

holes for Stauffer Chemical Company. A total of two acres was surveyed in the 

SWNENENE of the section. No sites were recorded as a result of this project. 

WWC conducted a linear survey for Mountain Bell in 1980. The project was 

located in the east half of this section, and no sites were recorded. WWC 

conducted a pipeline survey for Chevron Oil from the WNE to the ESE of the 



section and recorded no sites. 

project area. 

10 

Neither project was within the proposed 

In 1985, WWC conducted two linear surveys as part of the Exxon Labarge 

Project. This involved surveying various pipeline access roads in the SE and 

NW of the section. One inventoried road crosses a very small portion of the 

proposed project ROW. No sites were found during these projects in this 

section. 

WWC also recorded a site (48SW6892) in the SWSWNESE of the section. It 

consists of a prehistoric open campsite with artifacts and fire hearths. It 

was recommended as eligible for the NRHP, but it is outside the proposed 

project ROW. 

3.9 SECTION 21, T20N, R109W 

In 1977, WWC surveyed block and linear areas for core holes for Stauffer 

Chemical Company in the SE of the section. The inventoried areas are outside 

the proposed project area, and no sites were found. 

WWC conducted a Class III linear survey of power lines for Pacific Power 

and Light in 1980. This included portions of the NE and SE of the section, 

outside the proposed project ROW. No sites were recorded. 

In 1986, WWC conducted a Class III cultural resource inventory for 

Industrial Gas Services. This was a linear pipeline survey from the ENESE to 

the WSESE, and no sites were found. 

3.10 SECTION 29, T20N, R109W 

In 1977, WWC conducted core hole block and linear surveys for Stauffer 

Chemical Company. A total of four acres was block surveyed in the NE and SW 

of the section. These areas are outside the proposed project ROW, and no 

sites were recorded. 
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~'C conducted a Class III linear survey for Chevron Oil in the NENENENENE 

of the section. No sites were found during this inventory. 

One site was recorded by WWC (48SW6876) in the NENENENE of the section. 

It is a prehistoric open campsite containing fire hearths and artifacts and 

was recommended as eligible for inclusion in the NRHP. The site is located 

outside the proposed project area. 

3.11 SECTION 30, T20N, R109W 

In 1983, the National Park Service conducted a cultural assessment of the 

Seedskadee National Wildlife RefUge. This involved a Class II sampling survey 

of 36 acres in the NWSW and SSWNW of the section. The survey was conducted 

outside the proposed project area, and no sites were found. 

The BLM recorded a prehistoric open campsite (48SW5388) in the SWNW of 

the section. It was recommended as not eligible for inclusion in the NRHP and 

is outside the proposed project area. 

3.12 SECTION 31, T20N, RI09W 

In 1976, WWC surveyed areas in the NE, SE, and SW of the section as part 

of the Green River-Blacks Fork Pipeline project. A small area in the NE of 

the section crosses the proposed project ROW. Two prehistoric sites were 

found. Site 48SW619 is in the NWSWSE of the section and consists of a fire 

pit, fire-cracked rock concentrations, and flakes. Site 48SW620 is in the 

NWNWNENE of the section and consists of a stone circle, fire-cracked rock, and 

debitage. Neither site is situated in the proposed Granger Pipeline ROW. 
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4.0 METHODS 

The S.4-mi (13.4-m) long pipeline ROW was intensively examined by William 

Batterman using pedestrian survey procedures. The entire 100-ft (30-m) ROW 

was surveyed by walking a single zigzagging transect. All cutbanks, dunes, 

and disturbed areas were examined in detail for cultural remains. The entire 

area was visually scanned for surface artifacts, features, and other evidence 

of prehistoric and historic cultural activity. 

The centerline for the pipeline ROW was placed 75 ft (23 m) north of the 

existing transmission line. The existing transmission line is adjacent to a 

water pipeline and gravel road. Vegetation cover is sparse providing good 

visibility of the surface. Some dunes in the'ROW lack evidence of surface 

remains but may contain subsurface cultural material. Examination of cutbank 

and disturbed areas failed to yield evidence of buried cultural remains. 

As outlined in the BLM standard stipulations for cultural resource use 

permits, the minimum criteria for the designation of a site for the project 

were two or more associated artifacts (debitage or tools) greater than 50 

years of age, or one or more clearly definable cultural features. An IF 

included no more then one prehistoric or historic artifact. 

All archaeological sites found were recorded on Intermountain Antiquities 

c.omputer Systems (IMACS) forms. For each site a map was made, black-and

white photographs were taken, and a datum consisting of a metal stake was 

implanted in the approximate center. 

Artifact Record forms. 

IFs were recorded on Wyoming Isolated 

To facilitate the evaluation of the sites, limited shovel tests were 

excavated. These tests were intended to delineate the depth and extent of 

deposits and to determine the possibility of buried cultural remains. These 

tests were conducted in areas that appeared to contain deposition or were 

adjacent to artifact concentrations. Shovel tests were approximately 25 x 25 

cm, and all soil was screened through 1/4 in hardware cloth. The location of 

each test was recorded on the site map, and types and depths of sediment were 

noted. 
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6.0 RESULTS 

Five new prehistoric sites and four IFs were encountered, evaluated, and 

recorded during the Class III inventory. In addition, a previously recorded 

historic trail (the Overland Trail) was crossed during the survey. Summary 

descriptive data for all sites and IFs are provided in Table 5.1. The 

locations of all cultural resources are shown on USGS topographic maps in 

Section 1.0. Complete site forms are included in Appendix At and Appendix B 

contains the Isolated Artifact Record forms. 

5.1 NEWLY RECORDED SITES 

All five new prehistoric sites recorded during the Class III inventory 

contained flaked stone artifacts and fire-cracked rock and were designated as 

open campsites. Each site is individually described below. 

5.1.1 Site 48SW7751 

Legal Location: SESESESENW, Section 29, T20N, Rl09W 

Map Reference: Stevens Flat, Wyoming, USGS 7.5', 1961 (Photorevised 1980) 

Site Type: Prehistoric open campsite 

Maximum Site: 7 x 5 m 

Landowner: Private 

Elevation: 6440 ft (1963 m) 

Landform: Sand dune on a broad plain 

Vegetation: Low sagebrush, rabbitbrush, bunch grasses, and prickly pear 

Site Description: The site is at the edge of a sand dune on a gently sloping 

plain west of the Green River. Vegetation covers approximately 20% of the 

site surface and consists primarily of low sagebrush and rabbitbrush with 

lesser amounts of bunch grass and prickly pear. Cultural material was 

observed in a small deflated area next to an ant hill (Figure 5.1). Artifacts 

in this area consist of three pieces of debitage and two pieces of fire

cracked quartzite. The debitage consists of one secondary opaque chert flake, 

one secondary quartzite flake, and one tertiary semitranslucent chert flake. 

No tools or features are evident. 
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Table 5.1 Summary Information of Cultural Resources within Project ROW, Granger Pipeline Project, Sweetwater 
County. Wyoming. 1989. 

Site Temporary Legal Site Site Eligibility 1 

No. No. Location Type Date Status Collection 

4SSW7751 MM:so-1 SESESESEN.tJ. Open Campsite Prehistoric NE No 
Sec. 29. 
T2~. Rl09W 

4SSW7752 MA4:so-2 NE~. Open Campsite Prehistoric NE No 
Sec. 6. 
T19N, Rl09W 

4SSW7753 MA4:So-:s NESWSEN.BE. Open Campsite Prehistoric NE No 
Sec. 11, 
T19N. Rl1(14 

4SSW7754 MAUo-4 N.BENENENE, Open Campsite Prehistoric NE No 
Sec. 15. 
T19N, Rl1('X.J 

4SSW7755 MA43o-S NENESWNE. Open Campsite Prehistoric NE No 
Sec. 15. 
T19N, R1'('X.J 

4SSW1226 NEN,.JSWSESW , Overland Trail Historic E(NC) No 

Sec. ", 
T19N, Rl1~ 

MAUo-IF1 ~SE, Isolate (Scraper) Prehistoric NE No 
Sec. 16. 
T2~, R109W 

MA43O-IF2 CSESW, Isolate (Core) Prehistoric NE No 
Sec. 1. 
T19N. R1 1 CJ.I 

MA430-IF3 ~E. Isolate (Core) Prehistoric NE No 
Sec. 1'. 
T19N. Rl'CJ.I 

MA430-IF4 SENESESWSW. Isolate Historic NE No 
Sec. 11, (Hole-In-Top-Can) 
T19N. Rl10W 

E • Eligible for the NRHP; NE • Not Eligible for the NRHP; NC • non-contributing portion of a NRHP eligible 
site. 

2 legal location within project RCJ.I 
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To determine the extent and depth of cultural material, three shovel tests 

were excavated in the dune surrounding the observed artifacts. Shovel Test 1 

(ST1) was placed closest to the surface cultural material, oh the west slope 

of the main portion of the dune. Eleven pieces of fire-cracked rock were 

recorded at a depth of 25 cm below the surface. No other artifacts or 

charcoal was found. ST2 was placed in deep aeolian deposits near the top of 

the dune. This test was excavated to 85 cm below the surface, and no cultural 

material was recovered. A third shovel test (ST3) was placed on a low portion 

of the dune southwest of the deflated area. This was excavated below the base 

of the aeolian deposits at 30 cm below ground surface. No cultural material 

was recovered. These shovel tests indicate that the extent of subsurface 

cultural material is very limited, with material consisting of mostly, if not 

entirely, fire-cracked rock. 

Soil on the surface of the site is a loose, fine-grained aeolian sand. Soil 

below the surface is an unconsolidated, medium-grained sand varying in 

thickness from 30 cm in ST3 to greater than 85 cm in ST2. Deposits at the 

base of the dune were reached in ST1 (40 cm below surface) and ST3 (30 cm 

below surface) which consist of gravelly compact silty sands. 

Eligibility Status: This site is recommended as not eligible for the NRHP. 

As evidenced by the results of the three shovel tests, subsurface cultural 

material is confined to a small area of a sand dune. There appears to be 

little chance for recovering diagnostic artifacts or dateable features from 

these limited cultural deposits. Due to the limited extent of the cultural 

remains, definable activity areas are probably not present at the site. 

Further ~ork would provide little additional significant scieutific 

information. 

5.1.2 Site 48SW7752 

Legal Location: NESWNWNWNW, Section 6, T19N, R109W 

Map Reference: Blue Point, Wyoming, USGS 7.5', 1961 (Photorevised 1980) 

Site Type: Prehistoric open campsite 

Maximum Size: 10 x 7 m 

Landowner: BLM 
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Elevation: 6290 ft (1917 m) 

Landform: Small sand dune on a broad plain 

Vegetation: Low sagebrush, rabbitbrush. greasewood, and bunch grasses 

Site Description: This prehistoric open campsite is at the windward (west) 

edge of a small, low sand dune (Figure 5.2). On-site vegetation covers 

approximately 10~ of the surface and consists of low sagebrush, rabbitbrush, 

greasewood, and various grasses. Cultural material is confined to a small 

deflated area with limited aeolian deposits. This material consists of two 

deflated hearths, 12 pieces of debitage, and a diffuse scattering of quartzite 

and sandstone fire-cracked rock. 

One hearth consists of a cluster of five quartzite fire-cracked cobbles, and 

the other contains five quartzite cobbles and three burned sandstone slabs. 

Neither feature contains charcoal or has any subsurface manifestations. 

Debitage consists of seven tertiary and one secondary dark gray opaque chert 

flakes and three primary and one tertiary quartzite flakes. One quartzite 

cobble with two or three flakes removed was also found. 

A shovel test (ST1) 

tertiary flakes and 

was placed 

one small 

in the area between the two hearths, and two 

fire-cracked rock were recovered near the 

surface. Aeolian sand deposits continued to 18 cm below the surface. The 

shovel test was excavated to 35 cm below the surface with deposits consisting 

of compact alkaline silt containing no cultural material. 

A second shovel test (ST2) was 

excavated to 75 cm below the 

placed near 

surface with 

the top of the dune. This was 

soil consisting of a relatively 

uniform sand. No cultural material was present. 

Eligibility Status: All cultural material appears to be confined to a 

deflated area on the windward edge of a low dune. Only a small amount of 

artifacts is present; all artifacts occur at or near the surface. The two 

hearths have been highly disturbed by deflation and contain no remaining fill 

that could be used in temporal or functional analysis. The potential for 

Significant buried cultural strata within the major portion of the dune 
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appears to be low. The site is therefore recommended as not eligible for the 

NRHP. 

5.1.3 Site 48SW7753 

Legal Location: NESWSENWSE, Section 11, T19N, RII0W 

Map Reference: Blue Point, Wyoming, USGS 7.5', 1961 (Photorevised 1980) 

Site Type: Prehistoric open campsite 

Maximum Size: lOx 7 m 

Landowner: Private 

Elevation: 6250 ft (1905 m) 

Landform: Bench above the Blacks Fork River 

Vegetation: Low sagebrush and rabbitbrush 

Site Description: The site is on a gently sloping bench below a low bluff 

(Figure 5.3). Soil is comprised of silt and decaying siltstone deposited by 

colluvial and slope wash activity. Vegetation consists of a sparse cover of 

low sagebrush and rabbitbrush. 

Cultural material at this site consists of a diffuse scatter of lithic 

debitage. fire-cracked rock, and one tool. All material occurs on the 

surface. Debitage consists of two primary, three secondary, and one tertiary 

quartzite flakes. No other material type is present. The tool is a mini~ally 

reduced quartzite biface with no evidence of use-wear. T~n pieces of 

quartzite fire-cracked rock are scattered randomly over the site. 

No shovel tests were excavated at this site, as the depositional context could 

be observed within an old drainage ditch running along the site's eastern 

edge. Deposition is very limited, with siltstone bedrock occurring at 

approximately 20 cm below ground surface. No cultural material was observed 

within the ditch. 

Eligibility Status: The site is recommended as not eligible for the NRHP. It 

is a small, diffuse scatter of debitage and fire-cracked rock with no 

temporally diagnostic tools or features. No subsurface cultural material is 

evident, and the potential for intact buried deposits is considered minimal. 
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The site is similar to numerous other open campsites in Wyoming and will not 

provide any additional information. 

5.1.4 Site 48SW7754 

Legal Location: NWSENENENE, Section 15, T19N, R110W 

Map Reference: Blue Point, Wyoming, USGS 7.5', 1961 (Photorevised 1980) 

Site Type: Prehistoric open campsite 

Maximum Size: 57 x 38 m 

Landowner: Private 

Elevation: 6195 ft (18B8 m) 

Landform: Blacks Fork River floodplain 

Vegetation: Low sagebrush, rabbitbrush, greasewood, shortgrasses, forbs 

Site Description: The site is a fairly large scatter of artifacts on the 

surface of the Blacks Fork River floodplain (Figure 5.4). The terrain is 

relatively flat. Vegetation is fairly dense and consists mostly of low 

sagebrush and rabbitbrush, with lesser amounts of greasewood, shortgrasses, 

and forbs. 

Cultural material is spread out diffusely over an area of approximately 1,700 

m2 • It consist of over 100 flakes and some randomly scattered quartzite fire

cracked rock. Most of the debitage is large quar~zite secondary flakes, with 

primary and tertiary quartzite, opaque chert, and semitranslucent chert flakes 

present in lesser amounts. Tools observed include an opaque chert biface 

fragment, a quartzite tested cobble, and a quartzite core. 

of cultural material are evident. 

No concentrations 

A shovel test was placed near datum in the approximate center of the site. 

From surface to 25 cm, the soil was a brown, organic silt loam without 

gravels. From 25 to 35 cm, the soil was a compact silty clay. No cultural 

material was found in either stratum. The deposition at the site appears to 

be alluvial soils deposited prior to the prehistoric occupation. 

Eligibility Status: The site is a relatively diffuse scatter of debitage. 

The primary site activity appears to have been mid-stage reduction of local 
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quartzite cobbles. No diagnostic artifacts or features are present. Based on 

the results of a shovel test, ar-tifacts appear to be restricted to the 

surface, and the potential for buried cultural material is low. Further work 

would be unlikely to provide additional significant information. The site is 

recommended as not eligible for the NRHP. 

5.1.5 Site 48SW7755 

Legal Location: NENESWNE, Section 15, T19N, R110W 

Map Reference: Blue POint, Wyoming. USGS 7.5', 1961 (Photorevised 1980) 

Site Type: Prehistoric open campsite 

Maximum Size: 115 x 40 m 

Landowner: Private·' 

Elevation: 6195 ft (1888 m) 

Landform~ Blacks Fork River floodplain 

Vegetation: Greasewood and forbs 

Site Description: This 'site is on greasewood flats of the Blacks Fork River 

floodplain. Soil is an alkaline sil~ loam which has formed low hummocks on 

portions of the site. Vegetation cover is about 20%, consisting of greasewood 

and forbs. Cultural material is spread diffusely over a large area measuring 

approximately 3,613 m2 (Figure 5.5). 

Artifact& consist of debitage, cores, and fire-cracked rock. Well over 100 

flakes are present, with secondary quartzite flakes predominating. Many 

semi translucent and opaque chert secondary and tertiary flakes occur as well. 

Tools observed include three quartzite and one Granger green chert cores and 

one retouched semi translucent chert flake. One area of concentration was 

noted which included two cores, scattered fire-cracked rock, and numerous 

flakes. 

the site. 

This concentration appears to represent the primary activity area at 

A shovel test was excavated within the area of artifact concentration. From 

the surface to 20 cm, the soil consisted of an alkaline silt loam without 

gravel. From 20 to 50 cm, the soil was a clay loam. No artifacts occurred in 

either stratum. 
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Eligibility Status: The site is a large but generally sparse scatter of 

debitage, cores, and fire-cracked rock. The main activity at the site appears 

to have been middle and late stage flaked stone artifact reduction. No 

dateable artifacts or features were found. All activities were restricted to 

the present surface of the floodplain, and ~ittle additional scientific 

information is obtainable. The site is therefore recommended as not eligible 

for the NRHP. 

5.2 PREVIOUSLY RECORDED SITE 

The historic Overland Trail crosses the proposed Granger Pipeline ROW 

near the Blacks Fork River (see Figure 1.2). In Sweetwater County, this trail 

has been assigned site number 48SW1226. The trail was used extensively in the 

1860s as a stage route to the west. Due to its historical significance, it is 

eligible for the NRHP. 

The Overland Trail crosses the ROW in the NENWSWSESW of Section 11, T19N, 

R110W. In this area, physical integrity of the trail is lacking. Possible 

evidence of its existence is limited to the presence of a slightly depressed 

area with less vegetation than the surrounding greasewood flats. No ruts and 

no definite swales were observed. In the immediate vicinity, previous 

disturbances to the trail include a gravel road, a transmission line, and 

various pipelines, which detract from its environmental integrity. In light 

of these factors, the trail section within the pipeline ROW is recommended as 

a noncontributing portion of the NRHP eligible site. 

5.3 ISOLATED FINDS 

Four IFs were recorded during the survey. These are listed i~ Table 5.1 

and consist of three prehistoric and one historic artifact. IF1 is a brown 

chert scraper, IF2 and IF3 are large cores, and IF4 is a hole-in-top can. 

None are recommended as eligible for the NRHP. Additional information on 

these finds is provided on Isolated Artifact Record forms in Appendix B. 
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6.0 EVALUATIONS AND RECOMMENDATIONS 

6.1 EVALUATIONS 

Five prehistoric sites were recorded during the survey ~f the proposed 

Granger Pipeline Project. These sites were evaluated according to the NRHP 

eligibility criteria (36 CFR 60.4). The portion of these criteria pertaining 

to prehistoric sites is section (d), which states properties are eligible for 

inclusion in the NRHP "that have yielded, or may be likely to yield, 

information important in prehistory or history." 

Because section (d) is vague, the Evaluation Standards for Prehistoric 

Archaeological Sites provided by the Wyoming BLM in 1985 were used in the 

evaluations. According to the guidelines, a prehistoric site may be eligible 

if it is dateable, stratified, or has more than 10 cm of primary deposition. 

Functionally diagnostic artifacts, defir.able activity areas, multiple 

components, faunal materials, floral remains, exotic artifacts or features. or 

architectural features on a site provide additional information as to 

eligibility. Other criteria to be considered include environmental location, 

site complexity and overall size. site integrity, site type. and time span. 

The five sites recorded on this survey do not appear to meet the 

eligibility criteria for the NRHP. Sites 48SW7751 and 48SW7752 are located in 

sand dunes but contain only limited amounts of surface and subsurface cultural 

material. No diagnostic artifacts or dateable features are present. Site 

48SW7753 is a small surficial scatter with a low number of artifacts and a 

limited diversity of artifact types. Sites 48SW7754 and 48SW7755 are large 

flaked stone artifact and fire-cracked r< ck scatters, but all cultural 

material appears to be restricted to the surface. Both sites lack diagnostic 

artifacts and features. 

One previously recorded historic site (48SW1226), the Overland Trail. has 

been recommended as eligible for the NRHP with concurrence by the Wyoming 

SHPO. The Trail segment that crosses the project ROW lacks both physical and 

environmental integrity and appears to be a noncontributing portion of the 

NRHP eligible site. 
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6.2 RECOMMENDATIONS 

The five prehistoric sites and four IFs recorded during the project are 

recommended as not eligible for the NRHP. They are unlikely to yield any 

additional significant scientific information. The previously recorded 

Overland Trail, within the project ROW, is recommended as a noncontributing 

portion of the NRHP eligible status. No further work is recommended for any 

of ~he above cultural resvurces. 

Utilization of the project area would include ground disturbance due to 

trenching and boring for pipeline placement within a 100-ft (30-m) ROW, and 

vehicular disturbance associated with these activities. Due to the presence 

of several areas containing recent (Holocene) deposition (sand dunes), the 

potential for significant undetected cultural materials within the ROW appears 

to be high. Several large sand dunes crossed during the survey had no 

cultural material evident on the surface but have a high potential to contain 

significant subsurface cultural components. Avoidance of these areas would 

not be easily accomplished, as the dunes and dune fields extend well outside 

of the ROW. It is therefore recommended that monitoring by a qualified 

permitted archaeologist be conducted in certain sensitive areas during ground 

disturbing ac~ivitles within the project ROW. 

Cultural resource clearance is recommended for the Granger Pipeline 

Project subject to the following stipulations to eliminate direct impacts to 

significant cultural resources: 

(1) Monitoring of all ground disturbing activities within the project 
ROW should be co~ducted by a qualified permitted a~chaeolog1st in 
Section 29, Section 30, and NENE of Section 31, T20N, R109W. 

(2) If sites are discovered during monitoring, the archaeologist should 
record and evaluate the sites before further impacts occur. 

(3) If evidence of additional prehistoric or historic sites is 
discovered outside the monitored area during construction, all 
activities within a 50 ft radius of the site shonld cease 
immediately, and appropriate personnel within Arix should be 
notified immediately to assure proper handling of the discovery by 
qualified archaeological personnel. 

(4) All disturbance should be restricted to areas within the surveyed 
100-ft (30-m) corridor. 



APPENDIX A: 

lMACS Site Forms 



IMACS .SITE FORM 
Part A - Administrative Data 

INTERMOUNTAIN ANTIQUITIES COMPUTER SYSTEM 
Form approved for use by 
BlM - Utah, Idaho, Nevada, Wyoming 
Division of State History - Utah, Wyoming 
USFS - Intermountain Region 
NPS - Utah. Wyoming 

4. State Wyoming 
5. Project Granger Pipeline 

*6. Report No. 
7. Site Name 
8. Class X Prehistoric 
9. Site Type Open camp 

*10. Elevation 6440 ft. 

Historic 

County 

*1. State No. 48SW7751 

*2. Agency No. 

3. Temp. No. MA430-1 
Sweetwater 

Paleontologic Ethnographic 

*11. UTM Grid Zone 12, 604880 m E. 4615400 m N 

*12. SE SE NW of Section 29, T20N, R109W 
*13. Meridian 6th Principal 
*14. Map Reference Stevens Flat, Wyo. 7.5' 

15. Aerial Photo 
16. Location and Access From Interstate 80, west of Green River, take Highway 

372 (Labarge Road) north approximately 13 miles to gravel road, 600 ft. 
before UPRR tracks. Turn left (southwest) and travel 3900 ft. Site is 
just north of road near an abandoned pipeline platform. 

*17. Land O\Jner Pri vate 
*18. Federal Administrative Units Rock Springs District Green River Resource Area 
*19. Location of Curated Materials 

20. Site Description The site is a small scatter of three flakes and two 
pieces of fire-cracked rock located in a small deflated area of a sand 
dune. A shovel test at the edge of the dune, near the scatter, yielded 11 
pieces of fire-cracked rock 25 cm below the surface. No other cultural 
material was found. Two additional shovel tests in the dune contained no 
cultural material. 

*21. Site Condition Excellent (A) 
Deflation 

X Good (B) Fair (C) POGI' (0) 

Impact Agent(s) *22. 
*23. Nat. Register Status Significant (C) X Non-Signif1cant (D) Unevaluated (USFS only) (Z) 

Justify Cultural material is limited in quantity and diversity and is 
confined to a small area of 
only of fire-cracked rock, 

a dune. Subsurface material appears to consist 
and occurs only in a very small portion of the 

dune. 

24. Photos MA 430 Roll 1 Exp. #' s 1,2 
*26. Survey Organization Mariah Associates Inc. 
27. Assisting Crew Members 

*Encoded data items 

25. Recorded by 

*28. Survey Date 
BlM 8100-1IFS R-4 2300-2/2-88 

Bill Batterman 

09-06-89 



Part A - Environmental Data 
Site No(s). 48SW7751 

*29. Slope 1 0 (Degrees) 90 0 Aspect (Degrees) 
*}O. Distance to Permanent Water 35 x 100 Meters 

*Type of Water Source Spring/Seep (A) X StreamlRiver (B) Lake (C) Other CD} 
Name of Water Source Green River 

*31. Geographic Unit Green River Basin 
*32. Topographic Location (check one under each heading) 

PRIMARY LANDFORM SECONDARY LANDFORM SECONDARY POSITION 

*}}. 

__ Mountain spineCA) Alluvial fan(A) __ Floodplain(J) __ Talus Slope(S) __ Lagoon(3) 
__ Hill(B) Alcove/Rock Shelter(B) __ Dedge(K) Island(T) __ Ephemeral Wash(4) 

Tableland/mesa(C) __ Arroyo(C) Mesa/Butte(L) __ Outcrop(U) __ Kipuka(5) 
__ Ridge(D) Basin(D) __ Playa(M) __ Spring Mound/Bog(V) __ Saddle/Pass(6) 
__ Valley(E) Cave(E) Port.Geo.Feature(N) __ Valley(W) Graben (7) 

K- Plain(F) Cliff(F) Plain(O) CUtbank (X) 

__ Canyon(G) 

__ Island(H) 
Delta(G) __ Ridgeiknoll(P) Riser(Y) 
Detached Monolith(H) __ Slope(Q) __ Multiple S. Landforms(l) 

K- Dune(I) Terrace/Bench(R) Bar(2) 
Describe The si te is situated at the edge of a dune, on a broad plain west 

of the Green River. 

On-site Depositional Context 
Fan(A) __ Outcrop(Q) Morraine(J) Desert Pavement(P) 
Talus(B) Extinct Lake(F) __ Floodplain(K) Stream Bed(R) 

X Dune(C) Extant Lake(G) Marsh(L) Aeolian(S) 
Stream Terrace(D) Alluvial Plain(H) __ Landslide/Slump(M) None(T) 

__ Playa(E) Colluvium ( I) Delta(N) Residual(U) 
Description of SolI Soil is a brown medium-grained sand. 

}4. Vegetation 
*a. Life Zone 

*b. 

__ Arctic-Alpine(A) 
__ Upper Sonoran(E) 
Q - Primary On-Site 

Other/Mixed Conifer(G) 

Hudsonian(B) Canadian(C) K- Transitional (D) 
Lower Sonoran(F) 
Q - Secondary On-Site 

Grassland/Steppe(M) 
Q - Surrounding Site 

Marsh/Swamp(S) 
Community 
Aspen(A) 
Spruce-Fir(B) 
Douglas Fir(C) 

Pinyon-Juniper Woodland(H) Desert Lake Shore(N) Lake/Reservoir(T) 
Wet Meadow(I) Shadscale Community(O) Agricultural(U) 

Alpine Tundra(D) Dry Meadow(J) 
Ponderosa Pine(E) Oak-Haple Shrub(K) 
Lodgepole Pine(F) Riparian(L) 

Tall Sagebrush(P) 
Low Sagebrush(Q) 
Barren(R) 

Blackbrush(V) 
Creosote Bush(Y) 

Describe Vegatation consists 
and prickly pear. 

of low sc~ebrush, rabbitbrush, bunch grasses 

*35. Miscellaneous Text 
}6. Comments/Continuations/Location of Curated Materials and Records 

A-12 Complete Legal Location: SESESESENW, Section 29, T20N, R109W 

List of Attachments: K-Part B 
__ Part C 

!...Topo Map 
!...Site Sketch 

!...Photos __ Continuation Sheets 
__ ArtlfactlFeature Sketch __ Other 



Part B - Prehistoric Sites 

Site No(s). 48SW7751 
1. Site Type Open camp 

2. Culture 
CULTURAL AFFILIATION 

Unknown 

Describe: 

3. Site Dimensions 7 m X 

4. Surface Collection/Method 

Sampling Method 

S. Estimated depth of fill 

DATING METHOD 

5 m *Area 

X None (A) 
Grab Sample (B) 

Surface (A) 

CULTURAL AFFILIATION 

27.5 sq m 

Designed Sample 
Complete Collection (D) 

X 20-100 cm (C) 

DATING METHOD 

Fill noted but unknovn eE) 
0-20 em (B) 100 cm + (D) Depth suspected, but 

not tested eF) 
HoloT Estimated Shovel test (ST1) yielded fire-cracked rock 25 em below surface 
(If tested, show location on site map.) 

6. Excavation Status Excavated (A) X Tested (B) Unexcavated (C) 
Testing Method Three 25 x 25 cm shovel tests with one yielding cultural material 

*7. Summary of Artifacts and Debris (Refer to Guide for additional categories) 
K- Lithic Scatter (LS) Isolated Artifact (IA) K- Burned Stone (BS) Bone Scatter (~B) 

__ Ceramic Scatter (CS) __ OrganiC Remains (VR) Ground Stone (GS) Charcoal Scatter (CA) 
__ Basketry/Textiles (BT) Shell CSL) Lithic Sources (S) 
Describe Three flakes and two pieces of fire-cracked quartzite were found 

in a small area on the surface. Eleven pieces of fire-cracked quartzite 
were found in a shovel test. Flakes consisted of one secondary opaque 
chert, one secondary quartzite, and one teritary semi-translucent chert. 

*8. Lithic 1001s 
Number Type 

Describe None 

*9. Lithic Debitage-Estimated Quantity 
None (A) 

X 1-9 (B) 

10-25- (G) 

25-100 (D) 

Number 

100-500 (E) 

500 + (F) 

Material Type 
Flaking Stages 
Decortication 0 

Opaque chert, semi-translucent chert, quartzite 
(0) Not Present (1) Rare (2) Common (3)Dominant 

Secondary 3 Tertiary 2 Shatter 0 Core 0 

10. Maximum Denslty-I/sq m (all lithics) 3 



Part B - Prehistoric Sites 
Site No(s). 48SW7751 

*11. Ceramic Artifacts 
NUMBER TYPE NUMBER TYPE 

Describe None 

12. Maximum Denslty-Number-/sq m (ceramics) 

*13. Non-Architectural Features (locate on site map) - See Guide for additional categories 
___ HearthIFirepit (HE) __ Rubble Hound (RM) Earthen Mound (EM) Water Control (WC) 

Midden (MO) Stone Circle (SC) Burial (BU) ___ Petroglyph (PE) 
__ Depression (DE) __ Rock Alignment (RA) Talus Pit eTP) __ Pictograph (PI) 
Describe None 

*14. Architectural Features (locate on site map) 
NUMBER MATERIAL TYPE NUMBER MATERIAL TYPE 

Describe None 

15. Comments/Continuations 
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1989 IMACS "ENCODING FORM 
To be cornpleled for each site tonn. 

E 
--, ( N 1;;-' r-~ f) ,.Ill C -; I" f~ " OCvvO Ii arne~" __ " ___ _ 

For Instructions and codes, sec JMACS Users Guide. 

1 MJ-~-10,¢',t/tr~ \ , 2/ 
State S,ie Number A fVlrl:;'j Site Nurnt>er A't}(Jncy Roport Numbor EIO'Vallon 

13 [J 
Morld. 

18 ~ 1,1,:,1 
Fores. DistJParX 

19 r==J 21llij 22M W W 
Loc. Curaled ,..iaterlals Cond. Impacts 

30 IO,3,5"llliJ 311\,J,c I AI 32 [£J [i] 33g) 34{Ql IQI (A (~I 
Geog. Unit 161 2nd Dep. t 2 3 

Topographic Location VOQOtatlon 

2CIJ CIJ 3 I¢ I 0 ! WIl, '61 4[] 
Cul:ureIDatlng )"403I00d 

Area Collect 

8~~9~ ~[}][?JWJ~ 11EBEBEB FIaklng Slagoa 

Ceramics: 'I type 

UtH~ Tools: " typ6 

3CJJ CJJ 
H~oric Them~ Culturos I Dallng ~lhod Dates 

10 

23[Q] 
NJ\ 

5EJ 
Depth 

Zone Eastlng 

1 4 [( .. " i ,\ ."' \/, t 'I.j,"~ 1 , T- , L , A 111 1 vi! Y ,0 I 
usaSMap 

2ru 2B~-~-[W] 
OfQ<ln. Survey Date 

351 I I I I I 
MISC. Text 

6ffi] 
EJccav. 
StatuI 

29['1, Il 
$lop<.) 

I I I 

PretistOf1c Ar.,fa~s 

17 LLrJ 
{(I, r( I ~ 

,t..s; .. )~ 

I , ! I 

13D~[D[D 14111, IITDOI, 1 
Fe all.X8a: " type 

9 ~-L. ~~-- ~f-": -~ __ 1 __ " __ . 

--.l ~r_ 

Noa Collect. Depth ETcav. 
Status 

I I I I 

I I I I 

I I I I 

D , 
Tradomarks 11 EEFHIlElIEEB 13[GJ[[J[O 
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View of Site 48SW7751 Facing East. 

View of Site 48SW7751 Facing Southeast. 



IMACS SITE FORM 
Part A - Administrative Data 

INTERMOUNTAIN ANTIQUITIES COMPUTER SYSTEM 
Form approved for use by 
BLM - Utah, Idaho, Nevada, Wyoming 
Division of State History - Ut~~. Wyoming 
USFS - Intermountain Region 
NPS - Utah, Wyoming 

*1. State No. 48SW7752 

*2. Agency No. 

3. Temp. No. MA430-2 

4. State 
,. Project 

Wyoming County Sweetwater 

*6. Report No. 
7. Site Name 
8. Class 
9. Site Type 

*10. Elevation 

Granger Pipeline 

X Prehistoric 
Open camp 
6290 ft. 

Historic Paleontologic 

*11. UTM Grid Zone 12, 602530 m E. 4612850 m N 
*12. NWNWNW of Section 6, T19N, R109W 
*13. Meridian 6th Principal 
*14. Map Reference Blue Point, Wyo. 7.5' 
1,. Aerial Photo 

Ethnographic 

16. Location and Access From Interstate 80 west of Green River. take Highway 
372 (Labarge Road) north approximately 13 miles to gravel road, 600 ft. 
before UPRR tracks. Turn left (southwest) and travel 2.8 miles to site. 
Site is on low dune west of the road. 

*17. Land OWner Bureau of Land Management 
*18. Federal Administrative Units Rock Springs District Green River Resource Area 
*19. Location of CUrated Materials 

20. Site Description The site consists of two deflated hearths, scattered 

*21-

*22. 

*23. 

fire-cracked rock, and a small amount of debitage at the windward edge of a 
small sand dune. Cultural material is restricted to a small area. A 
shovel test excavated between the hearths yielded two flakes and a small 
fire-cracked rock from just below the surface. A shovel test near the top 
of the dune contained no cultural material within 75 cm of the surface. 

Site Condition Excellent (A) Good (B) x Fair (C) Poor (D) 

Impact Agent(s) Deflation 
Nat. Register Status Significant (e) X Non-Significant (D) Unevaluated (USFS only) (Z) 
Justify Artifacts appear to be restricted to the surface or top 10 cm of 

deposits. No cultural material was found in deeper dunal deposits nearby. 
The hearths are extremely deflated end lack charcoal for dating. 

24. Photos MA 430 Roll 1 Exp. #'s 3, 4 
*26. Survey Organization Mariah Associates Inc. 
27. Assisting Crew Members 

25. Recorded by Bill Batterman 

*28. Survey Data 
BLM 81OO-1/FS R-4 2300-2/2-88 

09-07-89 
*Encoded data items 



Part A - Environmental Data 
Site No(s). 48SW7752 

*29. Slope 30 (Degrees) 2700 Aspect (Degrees) 
*30. Distance to Permanent Water 37 x 188 Meters 

*Type of Water Source Spring/Seep (A) X StreamlRiver CB) Lake (C) Other (D) 
Name of Water Source Black Forks River 

*31. Geographic Unit Green River Basin 
*32. Topographic Location (check one under each heading) 

PRIMARY LANDFORM SECONDARY LANDFORM SECONDARY POSITION 

*33. 

__ Mountain spine(A) __ Alluvial fan(A) __ Floodplain(J) __ Talus Slope(S) __ Lagoon(') 
__ Hill(B) AlcovelRock Shelter(B) __ Dedge(K) Island(T) __ Ephemeral Wash(4) 
__ Tableland/mesa(C) __ Arroyo(C) Mesa/Butte(L) __ Outcrop(U) __ Kipuka(5) 
__ Ridge(D) Basin(D) __ Playa(M) __ Spring Mound/BogeV) __ Saddle/Pass(6) 
__ Valley(E) Cave(E) Port.Geo.Feature(N) __ Valley(W) Graben (7) 
X- Plain(F) Cliff(F) Plain(O) Cutbank (X) 
__ Canyon(G) 

lsland(H) 
Delta(G) __ Ridge/knoll(P) Riser(Y) 
Detached Monolith(H) __ Slope(Q) __ Multiple S. Landforms(') 

X- Dune(l} Terrace/Bench(R) Bar(2) 
Describe The site is located at the edge of a sand dune, on a plain 

between the Blacks Fork and the Green Rivers. 

On-site Depositional Context 
Fan(A) __ Outcrop(Q) Morraine(J) Desert Pavement(P) 

Talus(B) Extinct Lake(F) __ Floodplain(K) Stream Bed(R) 

X Dune(C) Extant Lake(G) Marsh(L) Aeolian(S) 

Stream Terrace(D) Alluvial Plain(H) __ Landslide/Slump(M) None(!) 
__ Playa(E) Colluvium{l ) Delta(N) Residual(U) 

Description of Soil Soil is a tan aeolian sand. 

34. Vegetation 
*a. Life Zone __ Arctic-Alpine(A} Hudsonian(B) Canadian(C) X- Transitional(D) 

_ Upper Sonoran(E) Lower Sonoran(F) 
*b. Communi ty 

Aspen(A) 
Q - Primary On-Site Q - Secondary On-Site Q - Surrounding Site 

other/Mixed Conifer(G) Grassland/Steppe(M) Marsh/Swamp(S) 
Spruce-Fir (B) Pinyon-Juniper Woodland(H) Desert Lake Shore(N) Lake/Reservoir(T) 
Douglas Fir(C) Wet Meadow(I) Shadscale Community(O) Agrlcultural(U} 
Alpine Tundra(D) Dry Headow(J) Tall Sagebrush(P) Blackbrush(V) 
Ponderosa Pine(E) Oak-Maple Shrub(K) Low Sagebrush(Q) Creosote Bush(Y) 
Lodgepole Pine(F) Riparian(L) Barren(R) 

Describe Vegetation is sparse f consisting of low sagebrush, rabbi tbrush, 
greasewood, and bunch grasses. 

*35. Miscellaneous Text 
36. Comments/Continuations/Location of Curated Haterials and Records 

#12 Complete Legal Location: NESWNWNWNW, Section 6, T19N, R109W 

List of Attachments: X-Part B 
_Part C 

LTopo Hap 
X-Site Sketch 

X-Photos -.-Continuation Sheets 
___ Artifact/Feature Sketch __ Other 



Part B - Prehistoric Sites 
Site NOIS). 48SW7752 

,. Sae Type Open camp 

2. Culture 

Describe: 

CULTURAL AFFILIATION 

Unknown 
DATING METHOD 

3. Site Dimensions 10 m X 7 m *Area 

4. Surface Collection/Method X None (A) 

Grab Sample (B) 

Sampling Method 

5. Estimated depth of fill Surface (A) 

X 0-20 cm (B) 

CULTURAL AFFILIATION 

55 sq m 

Designed Sample 

Complete Collection (D) 

20-100 cm (C) 

100 cm + (D) 

DATING METHOD 

Fill noted but unknown (E) 

Depth suspected, but 
not tested (F) 

Ho\ol Estimated A shovel test (ST1) yielded a small amount of cultural mater ial 
less than 10 cm below the surface. 

6. Excavation Status Excavated (A) X Tested (B) Unexcavated (C) 

Testing Method Two 25 X 25 cm shovel tests were used 

*7. Summary of Artifacts and Debris (Refer to Guide for additional categories) 

~ Lithic Scatter (LS) Isolated Artifact (IA) ~ Burned Stone (BS) Bone Scatter (WB) 
Ceramic Scatter (CS) __ Organic Remains (VR) Ground Stone (GS) Charcoal Scatter (CA) 

__ BasketryiTextiles (BT) Shell (SL) Lithic Sources (S) 

Describe Debi tage consists of 7 tertiary and one secondary dark gray 
opaque chert flakes, and three primary and one tertiary quartzite flakes. 
A diffuse scattering of quartzite and sandstone fire-cracked rock was 
present (outside of the hearths). 

*8. Lithic Tools 

Number 

1 
Type 

Tested cobble 
Number Type 

Describe One quartzite cobble with two or three flakes removed. 

*9. Lithic Debttage-Estimated Quantity 
None (A) 

1-9 (B) 
X 10-25 (C) 

25-100 (D) 

100-500 (E) 

500 + (F) 

Material Type 

Flaking Stages 

Decortication 2 

dark gray opaque chert, quartzite 
(0) Not Present (1) Rare (2) Common (3)Dominant 

Secondary 1 Tertiary 3 Shatter 1 

10. Maximum Density-'/sq m (all lithics) 3 

Core 0 



Part B - Prehistoric Sites 
SIte No(s). 48SW7752 

~'1. Cera~ic Artifacts 
NUMEER TYPE NUMBER TYPE 

Describe None 

12. Maximum Density-Number-/sq m (ceramics) 

*1~. Non-Architectural Features (locate on site map) - See Guide for additional categories 
X- Hearth/Fireplt (HE) Rubble Mound (RM) Earthen Mound (EM) ~ater Control (WC) 

Midden (MD) Stone Circle (SC) Burial (BU) __ Petroglyph (PE) 

__ Depression (DE) __ Rock Alignment (RA) Talus Pit (rr) __ Pictograph (PI) 

Describe Two very deflated hearths were represented by a cluster of 5 
quartzite fire-cracked cobbles and a cluster of 5 quartzite and 3 sandstone 
cobbles/slabs. Neither contained charcoal or had any subsurface 
manifestations. 

*14. Architectunl Features (locate on site map) 
NUMBER MATERIAL TYPE NUMBER MATERIAL mE 

Describe None 

1,. Comments/Continuations 
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1989 (MACS ENCODING FORM 
To be cornpleted for each site forrn. 

For Instructions and codes, see IMACS Users Guide. 

1 [ii-Is I\JI-~,tP,'1 t~/~/1.1 21 I-I I I I I I 6 I I I , I I I I I 1 0 I (0 I (., 17- I r) ,~ I 
State Site Number AIj)Ort::y SHe Numbflf Alj)Oncy Ropoo Numbor Elovallon 

'.1 f \ '7 r)" "', 
r I ... I I-I {I I 

.-l __ L __ L_I ___ 1.. J 

I I I I , f 

O""-£---L.--L--'-~ Ll---1 __ J_J __ 1_1_ 
Zone EnnUflQ 

13 GJ 
Mor1d. 

14[CJ,J ,\;\ ,f I ,p ,O,} Ifv"l' l\vi y,o, ,'1.,(,~, 
USOSMlp 

I I 17U:;;] 

18~~ 
ForeGt DistJPar\( 

19 c=J 21g] 22ID,t-IDD 
Loc. CuraIed tiaterlals Cood. Impact8 

2~,.."cl 
OrQan. 

2S[M] -I~ ,r~l-lLTI 
Survey Date 

2 9 L~ I 3\ \2! '7, :j 
Slop"3 P.s~·)~ 

23[8 
N.R 

30~rru 3 1 kJ,C I A I 3 2 [t] [i] 33[Q 3~ IQln/ril 
\Valer. c:stancMype Geog. Unit 1st 2nd 

Topographic Location 
Dep. 1 2 3 

Vegetation 

2CJJ [JJ 3 I ~i' I ~ I (f I ~, I 51 4~ 5[0 6lli] 7 ~[hl][J[JDCJ 
Cur.uraJOatlng Method 

Alea Collect Depth bcav. 
StatuI 

Pretisto(\c MlfaC'.s 

8~~9~ ~ITJ~[JJ[ill 11 EEJEEHE 130W1 I I ICD 
FlakIng Stagoa 

FeaJ~e1I: " type 

Ceramics: " type 

Archlec1ure: "rr.alE:ri.!! Itf;:~ 

111/i.: Tools: 'I type 

3CJJ CJJ 
HStoric "Themes Cultures I Dallng Mdthod Datu Colloct. Depth E,c.lv, 

Statue 

I I , , 
, t I 1 

I I t I 

10 

D , 
Trademarks 111111 HjlfFtFB 13[[Jn~ITJ 
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View of Site 48SW7752 Facing East. 

View of Site 48SW7752 Facing South. 



IMACS SITE FORM 
Part A - Administrative Data 

INTERMOUNTAIN ANTIQUITIES COMPUTER SYSTEM 
Form approved for use by 
BLM - Utah, Idaho, Nevada, Wyoming 
Division of State History - Utah. Wyoming 
USFS - Intermountain Region 
NPS - Utah, Wyoming 

4. State Wyoming 
5. Project 

*6. Report No. 

7. Site Name 

Granger Pipeline 
County 

*1. State No. 48SW7753 

*2. Agency No. 

3. Temp. No. MA430-3 
Sweetwater 

B. Class X Prehistoric Historic Paleontologic Ethnographic 
9. Site Type Open camp 

*10. Elevation 6250 ft. 
*11. UTI1 Grid Zone 12, 600350 m E, 4610170 m N 
*12. SENWSE, ofSecUon"ll, T19N, Rl10W 
*13. Meridian 6th Principal 
*14. Map Reference Blue Point, Wyo. 7.5' 

15. Aerial Photo 
16. Location and Access From Interstate 80, west of Green River, take Highway 

372 (Labarge Road) north approximately 13 miles to gravel road, 600 ft. 
before UPRR tracks. Turn left (southwest) and travel 4.9 miles. Site is 
just north of the road after it curves to the right down a low bluff. 

*17. Land o.mer Pri vate 
*1B. Federal Administrative Units 
*19. Location of Curated Materials 

Rock Springs District Green River Resource Area 

20. Site Description The site is a small scatter of quartzite flakes and fire
cracked rock located on a bench above the Blacks Fork River. All cultural 
material is restricted to the surface. 

*21. Site Condition Excellent (A) X Good (B) Fair (C) Poor (D) 
*22. Impact Agent(~) ErOSion, drainage ditch 
*23. at. Register Status Significant (C) X Non-Significant (D) Unp.valuated (USFS only) 

~ usUfy The site is only a diffuse, surficial scatter of artifacts 
confined to a small area. 

24. Photos MA 430 Roll 1 Exp. #'s 5, 6 25. Recorded by Bill Batterman 
*26. Survey Organization Mariah Associates Inc. 

2? Assisting Crew Members *2B. Survey Date 09-07-89 

*Encoded data items BLM B1OD-11FS R-4 23OO-2/2-BB 

(Z) 



Part A - Environmental Data 
Site No(s). 48SW7753 

*29. Slope 2 0 (Degrees) 1800 Aspect (Degrees) 
*30. Distance to Per&anent Water 6.7 x ,,,,, Meters 

*Type of Water Source Spring/Seep (A) X StreamlRiver (B) Lake (C) Other (D) 
Name of Water SOUI'C"e Blacks Fork River 

*31. Geographic Unit Green River Basin 
*32. Topographic Location (check one under each heading) 

PRIMARY LANDFORH SECONDARY LANDFORM SECONDARY POSITION 
__ Mountain spine(A) __ Alluvial fan(A) __ Floodplain(J) __ Talus Slope(S) __ Lagoon(3) 

Hill(B) AlcovelRock Shelter(B) __ Dedge(K) __ Island(T) __ Ephemeral Wash(4) 
Tableland/~esa(C) __ Arroyo(C) MesalButte(L) __ Outcrop(U) __ Kipuka(S) 

__ Ridge(D) Basin(D) __ Playa(M) __ Spring Mound/Bog(V) __ Saddle/Pass(6) 
~ Valley(E) Cave(E) Port.Geo.Feature(N) __ Valley(W) Graben (7) 
__ Plain(F) Cliff(F) Plain(O) Cutbank (X) 

Delta(G) Riser(y) __ Canyon(G) 
__ Island(H) Detached Monolith(H) 

__ Ridge/knoll(P) 
__ Slope(Q) __ Multiple S. Landforms(l) 

Dune(I) ~ Terrace/Bench(R) Bar(2) 
Describe The site is located on a bench above the Blacks Fork River, below 

a low bluff. 

*33. On-site Depositional Context 
Fan(A) __ Outcrop(Q) Morraine(J) Desert Pavement(P) 
Talus(B) Extinct Lake(F) __ Floodplain(K) Stream Bed(R) 
Dune(C) Extant Lake(G) Marsh(L) Aeolian(S) 
Stream Terrace(D) Alluvial Plain(H) __ Landslide/Slump{M) None(T) 

__ Playa(E) X Colluvium(l) Delta{N) Residual(U) 
Description of Sol1 A silt with decaying siltstone rock. 

34. Vegetation 
*a. Life Zone __ Arctic-Alpine(A) Hudsonian(B) Canadian(C) ~ Transitional (D) 

__ Upper Sonoran(E) Lower Sonoran(F) 
*b. Community 

Aspen(A) 
Q - Primary On-Site R - Secondary On-Site Q - Surrounding Site 

Other/Mixed Conifer(G) Grassland/Steppe(M) Marsh/Swamp(S) 
Spruce-Fir(B) Pinyon-Juniper Woodland(H) Desert Lake Shore(N) Lake/Reservoir(T) 
Douglas Fir(C) Wet Meadow(I) 
Alpine Tundra(D) Dry Meadow(J) 
Ponderosa ?ine(E) Oak-Maple Shrub(K) 
Lodeepole Pine(F) Riparian(L) 

Shadscale Community{O) Agricultural(U) 
Tall Sagebrush(P) Blackbrush(V) 

Creosote Bush(Y) 

Describe Sparse low sagebrush and 

LOIJ Sagebrush(Q) 
Barren(R) 

rabbitbrush 

*35. Miscellaneous Text 
36. Comments/Continuations/Location of Curated Materials and Records 

A-12 Complete Legal Location: NESWSENWSE. Section 11, T19N, Rll0W 

List of Attachments: LPart B 
_Part C 

LTopo Map 
~Site Sketch 

~Photos 

__ Artifact/Feature Sketch 
__ Continuation Sheets 
_Other 



Part B - Prehistoric Sites 
Site No(s). 488\'17753 

1. Site Type Open camp 

2. Culture 

Describe: 

CL~TURAL AFFILIATION 
Unknown 

DATI NG METHOD 

J. Site Dimensions 10 m X 7 m *Area 

4. Surface CollectionlHethod 

Sampling Method 

5. Estimated depth of fill x 

X None (A) 
Grab Sample (B) 

Surface (A) 
0-20 cm 

CULTURAL AFFILIATION 

55 sq m 

Designed Sample 
Cooplete Collection (D) 

Z0-H'J3oo em (C) 

100 cm + (D) 

DATING METHOD 

Fill noted but unknown eE) 

Depth suspected, but 
not tested (F) 

How Estimated A ditch next to site showed no cultural material. with bedrock 
at abou~. 20 cm below surface. 

6. Excavation Status 
Testing Method 

Excavated (A) Tested (B) X Unexcavated (C) 

*7. Summary of Artifacts and Debris (Refer to Guide for additional categories) 
K- Lithic Scatter (LS) Isolated Artifact (IA) ~ Burned Stone (BS) Bene Scatter (WB) 

Ceramic Scatter (CS) __ Organic Remains (VR) Ground Stone (GS) Charcoal Scatter (CA) 

__ Basketry/Textiles (BT) Shell (SL) Lithic Sources (S) 

Describe Debi tage consists of two primary. three secondary and one 
tertiary qua~tzite flakes. Ten pieces of quartzite fire-cracked rock are 
scattered in the vicinity. 

*B. Lithic Tools 

*9. 

10. 

Number 
1 

Type 
Biface 

Number Type 

Describe A minimally reduced biface made of quartzite. 

LithIc Debitage-Estimated Quantity 
None (A) 10-25 (C) 100-500 (E) 

X 1-9 (B) 25-100 (D) 500 + (F) 

MaterIal Type Quartzite 
Flaking Stages (0) Not Present (1) Rare (2) Common (3)Dominant 
Decortication 2 Secondary 3 Tertiary 1 Shatter 0 

MaxImum Density-I/sq m (all 1lthIcs) 2. 

Core 0 



Part B - Prehistoric Sites 
Site No(s). 48SW7753 

*11. Ceramic Artifacts 
NUMBER TYPE NUMBER TYPE 

Describe None 

12. Maximum Density-Number-.Isq m (ceramics) 

*13. Non-Architectural Features (locate on site map) - See Guide for additional categories 
__ Hearth/Firepit (HE) Rubble Mound (RM) __ Earthen Mound (EM) Water Control (We) 

Midden (ND) Stone Circle (SC) Burial (BU) __ Petroglyph (PE) 
__ Depression (DE) __ Rock A11gnment (RA) Talus Pit (T?) __ Pictograph (PI) 
Describe None 

*14. Architectural Features (locate on site map) 
NUMBER MATERIAL TYPE NUMBER MATERIAL TYPE 

Describe None 

15. Comments/Continuations 
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Map Showing the Pipeline ROWand the Location of Cultural Resources, Granger Pipeline Project, Sweetwater 
County, Wyoming. 1989. Map from Blue Point, Wyoming Quadrangle, USGS 7.5' Series (1:24,000 Scale), 1961 
(Photorevised 1980). 
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I~IACS SITE FORM 
Part A - Administrative Data 

INTERr.OUNTAIN ANTIQUITIES COMPUTER SYSTEM 
Form approved for use by 
BLM - Utah, Idaho, Nevada, Wyoming 

Division of State History - Utah, Wyoming 
USFS - Intermountain Region 

NPS - Utah, Wyoming 

4. state Wyoming 
5. Project Granger Pipeline 

*6. Report No. 
7. Site Name 

County 

*1. State No. 48SW7754 

*2. Agency No. 

3. Temp. No. MA430-4 
Sweetwater 

B. Class X Prehistoric 
Open camp 
6195 ft. 

Historic Paleontologic Ethnographic 

9. Site Type 
*10. Elevation 
*11. UTM Grid Zone 12, 599260 m E, 4609550 m N 

*12. NENENE, of Section 15, T19N, R110W 
*13. Meridian 6th Principal 
*14. Map Reference Blue Point, Wyo. 7.5' 

15. Aerial Photo 
16. Location and Access From Interstate 80, west of Green River, take Highway 

372 (Labarge Road) north approximately 13 miles to gravel road, 600 ft. 
before UPRR tracks. Turn left (southwest) and travel 5.7 miles. Site is 
west of the road, south of a wooden corral. 

*17. Land Ovner Private 
*18. Federal Administrative Units Rock Springs District Green River Resource Area 
*19. Location of Curated Materials 

20. Site Description The site is a fairly large scatter of debi tage consisting 
primarily of secondary quartzite flakes. Some quartzite fire-cracked rock 
is also present. The cultural material is scattered diffusely throughout 
the site, with no concentrations evident. All artifacts occur on the 
surface of the Blacks Fork River floodplain. 

*21. Site Condition Excellent (A) X Good (B) Fair (C) Poor (D) 

*22. Impact Agent(s) Two-track road, livestock grazing 
*23. Nat. Register Status Significant (C) X Non-Significant (D) Unevaluated (USFS only) (Z) 

Justify All cultural material occurs on the surface and is scattered 
diffusely on the site. Further work would not provide any additional 
scientific information. 

24. Photos MA 430 Roll 1 Exp. #'s 7, 8 

*26. 

27. 
Survey Organization Mariah Associates Inc. 
Assisting Crew Members *28. 

25. Recorded by 

Survey Date 

*Encoded data items BLM 81oo-1/FS R-4 2300-2/2-88 

Bill Batterman 

09-07-89 



Part A - Environmental Data 

*29. Slope 0 0 (Degrees) - Aspect (Degrees) 
*30. Distance to Permanent '-later 1.5 x 1£1£1 Meters 

*Type of '-later Source Spring/Seep (A) 
Name of '-later Source Blacks Fork River 

*31. Geographic Unit Green River Basin 

Site No(s). 

X Stream/River (B) 

48SW7754 

Lake (C) ether (D) 

*32. Topographic Location (check one under each heading) 
PRIMARY LANDFORM SECONDARY LANDFORM SECONDARY POSITION 
__ Mountain spine(A) __ Alluvial tan(A) ~ Floodplain(J) __ Talus Slope(S) __ Lagoon(3) 
__ Hill(B) __ AlcovelRock Shelter(B) __ Dedge(K) Island(T) __ Ephemeral '-Iash(4) 
__ Tableland/mesa(C) __ Arroyo(C) Mesa/Butte(L) __ Outcrop(U) __ Kipuka(5) 
__ Ridge(D) __ Basin(D) __ Playa(M) __ Spring MoundlBog(V) __ Saddle/Pass(6) 
K- Valley(E) __ Cave(E) Port.Geo.Feature(N) __ Valley('-I) Graben (7) 

Plain(F) __ CHrt(F) Plain(O) Cutbank(X) 
__ Canyon{G) __ Delta(G) __ Ridge/knoll(P) __ Riser(Y) 

Island(H) Detached Monolith(H) __ Slope(Q) __ Multiple S. Landforms(l) 
Dune(I) Terrace/Bench{R) Bar(2) 

Describe The site is located on the alluvial flats of the Blacks Fork 
River floodplain. 

*33. On-site Depositional Context 
Fan(A) __ Outcrop(Q) Morraine(J) Desert Pavement(P) 
Talus(B) Extinct Lake(F) ~ Floodplain(K) Stream Bed(R) 
Dune(C) Extant Lake(G) Harsh(L) Aeolian(S) 
Stream Terrace(D) __ Alluvial Plain(H) __ Landslide/Slump(H) None(T) 

__ Playa(E) Colluvium(I) Delta(N) Residual(U) 
Description of Soil A brown, organic silt loam without gravels 

34. Vegetation 
*a. Life Zone __ Arctlc-Alplne(A) Hudsonian(B) Canadlan(C) K- Transitional(D} 

__ Upper Sonoran(E) Lower Sonoran(F) 
*b. Community 

Aspen(A) 
Q - Primary On-Site 0 - Secondary On-Site Q - Surrounding Site 

Other/Mixed Conirer(G) Grassland/Steppe(M) Marsh/Swamp(S) 
Spruce-Fir(B) Pinyon-Juniper '-Ioodland(H) Desert Lake Shore(N) Lake/Reservoir(T) 
Douglas Fir(C) '-let Meadow(!) Shadscale Community(O) Agricultural(U) 
Alpine Tuntira(D) Dry Meadow(J) Tall Sagebrush(P) Blackbrush(V) 
Ponderosa P1ne(E) Oak-Maple Shrub(K) Low Sagebrush(Q) Creosote Bush(Y) 
Lodgepole PineeF) Rlparlan(~) Barren(R) 

Describe Vegetation is fairly dense t consisting of low sagebrush, 
rabbitbrush, greasewood. bunch grass, and forbs. 

*35. ~iscellaneous Text 
36. Comments/Continuations/Location of Curated Materials and Records 

612 Complete Legal Location: NWSENENENE, Section 15, T19N, R110W 

List of Attachments: K-Part B 
__ Part C 

K-Topo Map 
K-Sitc Sketch 

__ Continuation Sheets 
__ Artifact/Feature Sketch __ Other 



Part B - Prehistoric Sites 

1. Site Type Open camp 

2. Culture 

Describe: 

arwTURAL AFFILIATION 
Unknown 

DATING METHOD 

3. Site Dimensions 57 III X 38 III *Area 

4. Surface Collect!on/Method 

Sampling Method 

5. Estimated depth of fill 

X None (A) 

Grab Sample (B) 

X Surface (A) 

0-20 em (B) 

Site No(s). 48SW7754 

CULTURAL AFFILIATION 

1700 sq III 

Designed Sample 
Complete Collection (D) 

20-100 CIIl (C) 

100 cm + (D) 

DATI NG METHOD 

Fill noted but unknown (E) 

Depth suspected, but 
not tested (F) 

HOIJ Estimated Shovel test contained no cultural material 

6. Excavation Status Excavated (A) X Tested (B) Unexcavated (e) 

Testing Method 25 X 25 cm shovel test. 
silty clay 

0-25 em-brown silt loam~ 25-35 cm-compact 

*7. Summary of Artifacts and Debris (Refer to GUide for additional categories) 

*8. 

~ Lithic Scatter (LS) Isolated Artifact (IA) ~ Burned Stone (BS) 
Ground Stone (GS) 
Lithic Sources (5) 

Bone Scatter (UB) 

Charcoal Scatter (CA) Ceracic Scatter (CS) __ Organic Remains (VR) 

__ Basketry/Textiles (BT) Shell (st) 
Describe Artifacts consist of over 100 pieces of debitage, mostly 

quartzite secondary flakes. A diffuse scatter of quartzite fire-cracked 
rock is also present. 

Lithic Tools 
Number Type Number Type 

1 Biface 
1 Tested Cobble 
1 Core 

Describe One opaque chert biface fragment 7 one quartzite tested cobble 
and one quartzite eore were observed. 

*9. Lithic Debitage-Estimated Quantity 
None (A) 10-25(t::) 

25-100 (D) 

'j 100-500 (E) 

500 ;. (F) 1-9 (B) 

Material Type 
Flaking Stages 
Decortication 2 

Quartzite 7 opaque chert 7 semi-translucent chert 
(0) Not Present 

Secondary 3 
(1) Rare (2) Common 

Tertiary 2 

10. Maximum Density-I/sq m (all 11thlcs) 5 

(3)Dominant 
Shatter 1 Core 1 



Part B - Prehistoric Sites 

Site No(s). 48SW7754 

*11. Ceramic Artifacts 
NUMBER TYPE NUMBER TYPE 

Describe None 

12. Maximum Density-Number-'sq m (ceramics) 

*13. Non-Architectural Features (locate on site map) - See Guide for additional categories 
__ HearthlFirepit (HE) Rubble Hound (RH) Earthen Mound (EM) ~ater Control (~C) 

Midden (KD) Stone Circle (SC) Burial (BU) __ Petroglyph (PE) 
__ Depression (DE) __ Rock Alignment (RA) Talus Pit (TP) __ Pictograph (PI) 
Describe None 

*14. Architectural Features (locate on site map) 
NUMBER MATERIAL TYPE NUMBER MATERIAL TYPE 

Describe None 

15. Comments/Continuations 
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Map Showing the Pipeline ROWand the location of Cultural Resources, Granger Pipeline Project, Sweetwater 
County, Wyoming, 1989. Mop from Blue Point, Wyoming OlJadrangle, USGS 7.5' Series (1:24,000 Scale), 1961 
(Photorevised 1980). 
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IMACS SITE FORM 
Part A - Administrative Data 

INTERMOUNTAIN ANTIQUITIES COMPUTER SYSTEM 
Form approved for use by 
BLM - Utah, Idaho, Nevada, ~yoming 

Division of State History - Utah, Wyoming 
USFS - Intermountain Region 
NPS - Utah, Wyoming 

*1. State No. 48SW7755 

*2. Agency No. 

3. Temp. No. MA430-5 
4. State Wyoming County 
5. Project Granger Pipeline 

*6. Report No. 
7. Site Name 
8. Class X Prehistoric Historic Paleontologic 
9. Site Type Open camp 

*10. Elevation 6195 ft. 
*11. lITM Grid Zone 12, 598870 m E, 4609200 m N 

*12. NESWNE, of Section 15, T19N, R110W 
*13. Meridian 6th Principal 
*14. Map Reference Blue Poin1: t Wyo. 7.5' 

15. Aerial Photo 

Sweetwater 

Ethnographic 

16. Location and Access From Interstate 80. west of Green River, take Highway 
372 (Labarge Road) north approximately 13 miles to gravel road, 600 ft. 
before UPRR tracks. Turn left (southwest) and travel 5.9 miles. Site is 
west of road, approximately 700 ft. after crossing the Blacks Fork River. 

*17. Land Owner Private 
*18. 

*19. 

20. 

*21. 

*22. 

*23. 

Federal Administrative Units Rock Springs District Green River Resource Area 
Location of Curated Materials 
SIte Description The site is a large but fairly sparse, scatter of 

debitage. cores, and fire-cracked rock. One area of concentraton exists, 
in which two cores, fire-cracked rock, and numerous flakes were observed. 
All cultural material is restricted to the surface of greasewood flats on 
the Blacks fork River floodplain. 

Site Condition Excellent (A) X Good (B) Fair (C) Poor (D) 
Impact Agent(s) I L vestock grazing, abandoner! canal 
Nat. Register Statu~ Signific~nt (r,) X Non-Significant (D) 
Justify The site is generally a sparse scatter of 

dateable and subsurface cultural material. 

Unevaluated (USFS oniy) (Z) 

artifacts lacking 

24. Photos MA 430 Roll 1 Exp. #' s 9, 10 25. Recorded by Bill Batterman 

*26. Survey Organization Mariah Associates Inc. 
27. Assisting Crew Members *2B. Survey Date 

*Encoded data items BLM B100-1/FS R-4 2300-2/2-8B 

09-07-89 



Part A - Environmental Data 
Site No(s). 48SW7755 

*29. Slope 0 0 (Degrees) Aspect (Degrees) 
*30. Distance to Permanent Water 2 x 1~~ Meters 

*Type of Water Source Spring/Seep (A) X Stream/River (B) Lake (C) Other (D) 

Name of Water Source Blacks Fork River 
*31. Geographic Unit Green River Basin 
*32. Topographic Location (check one under each heading) 

PRIMARY LANDFORM SECONDARY LANDFORn SECONDARY POSITION 

*33. 

__ Mountain spine(A) Alluvial fan(A) !- Floodplain(J) __ Talus Slope(S) __ Lagoon(3) 
Hill(B) __ Alcove/Rock Shelter(B) __ Dedge(K) Island(T) __ Ephemeral Wash(4) 

Tableland!mesa(C) __ Arroyo(C) Mesa/Sutte(L) __ OUtcrop(U) __ Kipuka(5) 
__ Ridge(D) __ Basin(D) __ Playa(M) __ Spring MoundlBog(V) __ Saddle/Pass(5) 
~ Valley(E) Cave(E) Port.Geo.Feature(N) __ Valley(W) Graben (7) 

Plain(F) Cliff(F) Plain(O) Cutbank (X) 

__ Canyon(G) Delta(G) __ Ridge/knoll(P) Riser(Y) 
Island(H) Detached Monolith(H) __ Slope(Q) __ Multiple S. Landforms(1) 

Dune(!) Terrace/Bench(R) Bar(2) 
Describe The s1 te is located on greasewood flats of the Blacks Fork River 

floodplain. 

On-site Depositional Context 
Fan(A) __ Outcrop(Q) 
Talus(B) Extinct Lake(F) 
Dune(C) Extant Lake(G) 
Stream Terrace(D) Alluvial Plain(H) 

__ Playa(E) Colluvium(l) 
Description of So11 An alkal ine 

hummocky terrain. 

Morraine(J) Desert Pavement(P) 
K- Floodplain(K) Stream Bed(R) 

Marsh(L) Aeolian(S) 
__ Landslide/Slump(M) None(T) 

Delta(N) Residual(U) 
silt loam on relatively flat, slightly 

34. Vegetation 
*a. Life Zone __ Arctic-Alpine(A) Hudsonian(B) Canadian(C) K- Transitlcnal(D) 

__ U~per 30TIGran(E) Lower Sonoran(F) 
*b. Community 0 - Primary On-Site Q - Secondary On-Site Q - Surrounding SIte 

Aspen(A) other/Mixed Conifer(G) Grassland/Steppe(M) Harsh/Swamp(S) 
Spruce-FIr(B) Pinyon-Juniper Woodland(H) Desert Lake Shore(N) Lake/Reservoir(T) 
Douglas FIr(C) Wet Meadow(l) Shadscale Community(O) Agricultural(U) 
Alpine Tundra(D) Dry Meadow(J; Tall Sagebrush(P) Elackbrush(V) 
Ponderosa Pine(E) Oak-Maple Shrub(K) Low Sagebrush(Q) Creosote Bush(Y) 
Lodgepole Pine(F) Riparian(L) Barren(R) 

D~cr~e Vegetation consists primarily of greasewood with some forbs. 
*35. Miscellaneous Text 
36. Comments/Continuations/Location ~f Curated Materials and Records 

#12 Complete Legal Location: NENESWNE, Section 15, T19N, Rll0W 

List of Attachments: X Part B 
Part C 

!...Topo Map 
!...Site Sketch 

!...Photos __ Continuation Sheets 
__ Artifact/Feature Sketch Other 



Part B - Prehistoric Sites 

Site No(s). 48SW7755 

1. ~1te Type Open camp 

2. Culture 

Describe: 

CL~lL~AL AFFILIATION 
Unknown 

DATING METHOD 

3. Site Dimensions 115 m X 40 m *Area 

4. Surface Collection/Method 

Sampling Method 

5. Estimated depth of fill x 

X None (A) 
Grab Sample (B) 

Surface (A) 
0-20 cm (B) 

CUL TIIRAL AFF I LI AT ION 

3613 sq m 

Designed Sample 
Complete Collection (D) 

20-100 cm (C) 

100 cm + (D) 

DATING METHOD 

Fill noted but unknown (E) 

Depth suspected, but 
not tested (F) 

Ho", Estimated Shovel test placed in concentrated area yielded no cultural material 

6. Excavation Status Excavated (A) X Tested (B) Unexcavated (C) 

Testing Method One 25 X 25 cm shovel test: 
20-50 cm - clay loam 

surface-20cm-alkaline silt loam, 

*7. Summary of Artifacts and Debris (Refer to Guide for additional categories) 

~ Lithic Scatter (LS) Isolated Artifact (IA) ~ Burned Stone (BS) Bone Scatter (~B) 

Ceramic Scatter (CS) __ Organic Remains (VR) Ground Stone (GS) Charcoal Scatter (CA) 
Basketry/Textiles (BT) Shell (SL) Lithic Sources (S} 

Describe Artifacts consist of over 100 flakes, with secondary quartzite 
flakes predominating. Many semi-translucent and opaque chert secondary and 
tertiary flakes occur as well. Fire-cracked rock is scattered diffusely 
throughout ~he site, with no concentrations evident. 

*8. Lithic Tools 
Number 

4 
Type 

Core 
1 Retouched flake 

Number Type 

Describe Four cores - three quartzite and one Granger green chert - and one 
retouched semi-translucent chert flake were observed. 

*9. Lithic Debitage-Estimated Quantity 
None (A) 
1-9 (B) 

10-25 (C) 

25-100 (D) 

X 100-500 (E) 

500 + (F) 

Material Type Quartzite, opaque chert, semi-translucent chert, 
Granger green chert. 

Flaking Stages (0) Not Present (1) Rare (2) Common (3) Dominant 
Decortication 2 Secondary 3 Tertiary 2 Shatter 1 Core 2 

10. Maximum Density-I/sq m (all lithics) 7 



Part B - Prehistoric Si tes 

Site No(s). 48SW7755 

*11. Ceramic Artifacts 
NUMBER TYPE NUMBER TYPE 

Describe None 

12. Maximum Density-Number-/sq m (ceramics) 

.1\ 
*13 .. Non-Architectural Features (locate on site map) - See Guide for additional categories 

__ HearthlFlrepit (HE) Rubble Mound (RM) Earthen Mound (EM) ~ater Control (~C) 

MIdden (MD) Stone Circle (SC) Burial (BU) __ Petroglyph (PE) 

__ Depression (DE) __ Rock Alignment (RA) Talus Pit (TP) __ Pictograph (PI) 
Describe None 

*14. Architectural Features (locate on site map) 
NUMBER MATERI~ TYPE NUMBER MATERIAL TYPE 

Describe None 

15. Comments/Continuations 
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APPENDIX B: 

Isolated Artifact Record Forms 



ISOLATED ARTIFACT RECORD 

1) Field Number ______ ~I~F~l~ ______ __ 2) Curation Number __________________ _ 

3) Legal Location: T20N, R109W Sec. 16. NWSWSWNESE 1/4 

4) County ____ ~S~w~e~e~t~w~a~t~e~r~ ____ _ 5) USGS Map Reference Stevens Flat 7.5' 

6) Artifact Owner (Landowner): Federal Agency/District ______________________ _ 

State Agency/District State of Wyoming Private/Name and 
Address ______ __ 

7) Collected? /!/ No I_I Yes Repository ________________________________ ___ 

8) Name of Recorder __ ~B~i~l~l~B~a~t~t~e~r=m~a~n~ ________ ~Date September 6~ 1989 

Company/lnstitution ____ ~M~a~r~1~·a~h~A~s~s~o~c~i~a~t~e~s~,~I_n_c_. __ ___ 

9) Sketch or Photo: Scale 1:1 

10) Artifac-~ Description (Dimensions-materials-use/function-time period) 

A unifacially retouched scraper made on a brown chert tertiary flake. 

11) Environmental Location (Topography-vegetation-soils-slope-hydrology) 

Located in a flat area on a bluff above the Green River. Soil is a fine 

sandy silt with gravels; vegetation coverage is 15%, consisting of 

sagebrush, horsebrush, greasewood, and bunch grasses. 

12) Attach USGS Map Showing Artifact Location 



ISOLATED ARTIFACT RECORD 

1) Field Number IF2 2) Curation Number ________________ __ 

3) Legal Location: T19N, Rll0W Sec. 01. CSESW1/4 

4) 

6) 

County ____ ~S~w~e~e~t~w~a~t~e~r~ ____ _ 5) USGS Map Reference Blue Point 7.5' 

Artifact Owner (Landowner): Federal Agency/District ______________________ _ 

State Agency/District Private/Name and Address UPRR 

7) Collected? I~/ No /_1 Yes Repository __________________________________ __ 

8) Name of Recorder __ ~B~i~I~I~B~a~t~t~e~r~m~a~n~ _________ Date September 7, 1989 

Company/Institution, ____ ~M~a~r~i~a~h~A~s~s~0~c~1~·a~t~e~s~,~I~n~c~. __ __ 

Attached 

9) Sketch or Photo: Scale ____ __ 

'10) Artifact Description (Dime~sions-materials-use/function-time period) 

A quartzite core with cortex remaining on both sides of cobble. 

11) Environmental Location (Topography-v~getation-soils-slope-hydrology) 

Located on an alluvial plain on a 10 northeast slope. Soil is a fine 

sandy silt with cobbles and gravels. Vegetation cover is 10%, consisting 

of low sage and horsebrush. 

12) Attach USGS Map Showing Artifact Location 
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ISOLATED ARTIFACT RECORD 

1) Field Number ______ ~I~F~3 ________ __ 2) Curation Number ________ _ 

3) Legal Location: T19N, RII0W Sec. 11. NWNWNWSWSE1/4 

4) County ____ ~SW~e~e~t~w~a~t~e~r ____ __ 5) USGS Map Reference Blue Point 7.5' 

6) Artifact Owner (Landowner): Federal Agency/District ____________________ __ 

State Agency/District Private/Name and Address UPRR 

7) Collected? /!/ No I_I Yes Repository ________________________________ ___ 

8) Name of Recorder __ -=B~i~l~l~B~a~t~t~e~r~m=an~ ________ ~Date September 7, 1989 

Company/lnstitution ____ ~M~a~r~i~a~h~A~s~s~o~c~i~a~t~e~s~,~I~n~c_. __ ___ 

Attached 

9) Sketch or Photo: Scale __ _ 

10) Artifact Description (Dimensions-materials-use/function-time period) 

An oolitic chert core. 

11) Environmental Location (Topography-vegetation-soils-slope-hydrology) 

Located on a terrace of the Blacks Fork River in a small ephemeral wash. 

Slope is 2° south. Soil is a sandy silt with some siltstone gravels. 

Vegetation is sparse, consisting of sagebrush and rabbitbrush. 

12) Attach USGS Map Showing Artifact Location 
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ISOLATED ARTIFACT RECORD 

1) Field Number IF4 2) Curation Number __________________ _ 

3) Legal Location: T19N, R110W Sec. 11. SENESESWSW1/4 

4) 

6) 

County _____ S_w_e_e_t_w_a_t~e_r ______ _ 5) USGS Map Reference Blue Point 7.5' 

Artifact Owner (Landowner): Federal Agency/District ______________________ _ 

State Agency/District ________________ .Private/Name and Address UPRR 

7) Collected? I~I No I_I Yes Repository ________________________________ __ 

8) Name of Recorder __ ~B~i~I~I~B~a~t~t~e~r~m~a~n~ _________ Date September 7, 1989 

Company/Institution ____ ~M~a~r~i~a~h~A~s~s~o~c~i=a~t __ e_s.z __ I_n_c_. __ __ 

9) Sketch or Photo: Scale ------
10) Artifact Description (Dimensions-materials-use/f~ction-time period) 

A Hole-in-top can, 90mm diameter, 120mm height. Dates generally to 

pre-1920. 

11) Environmental Location (Topography-vegetation-soils-slope-hydrology) 

Located in the flats of the Blacks Fork River floodplain, near the 

Overland Trail. Soil is a fine sandy silt; vegetation cover is 60~, 

consisting of greasewood, rabbitbrush, and sagebrush. 

12) Attach USGS Map Showing Artifact Location 
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APPENDIX E 

CONTENTS 

Table Number Description 

1 Surface Intake 

2 Well Field Intake 

3 Construction Costs, Design Flow of 100 gpm. 

4 Construction Costs, Design Flow of 500 gpm. 

5 Construction Costs, Design Flow of 925 gpm. 

6 Annual Maintenance Cost, 100 gpm. 

7 Annual Maintenance Cost, 500 gpm. 

8 Annual Maintenance Cost, 925 gpm. 

9 Sinking Fund Requirement. 



Appendix E 
Table 1 

Estimated Construction Cost 
Surface Intake Option 

ITEM Description 
Estimated 
Quantity Unit 

1. Access Road 
2. Intake Construction 

Johnson "Bullet" Screen 
Ductile Iron piping to Screen 
Screen Protection Structure 

3. Low Service Pumps 
Pump Vault/Wetwell 8' x 10' 
Valve Vault 10' x 10' 
Rip Rap 
Fittings 
Valves 
Check Valves 
Air Compressor w/controls 
Vertical Turbine Pump w/Control 

4. High Service Pumps 
Pump Vault/Wetwell 8' x 16' 
Valve Vault 10' x 10' 
Fittings 
Valves 
Check Valves 
Air Compressor w/controls 

5. Building 
6. Electric Service 
7. Telemetry and Controls 
8. Sedimentation Basins 

Piping, River to Basins 
Basin control valves 
Clay Liner for Basins 
Excavation 
Fill 
Multi-Level Draw-off Structure 

9. Site Work 
Fencing 
Misc. site grading 
Seeding/Landscaping 

2200 

1 
234 

1 

1 
1 

50 
11 

6 
2 
1 
2 

1 
1 
7 
5 
2 
1 
2 
1 
1 

1380 
5 

35000 
4700 
4700 

1 

2000 
1 
1 

LF 

EA 
LF 
EA 

EA 
EA 
Sy 
EA 
EA 
EA 
EA 
EA 

EA 
EA 
EA 
EA 
EA 
EA 
LS 
LS 
LS 

LF 
EA 
SF 
Cy 
Cy 
EA 

LF 
LS 
LS 

Unit 
Price 

20.00 

5000.00 
25.00 

10000.00 

10000.00 
12000.00 

10.00 
500.00 
750.00 
500.00 

1500.00 
5000.00 

20000.00 
12000.00 

500.00 
750.00 
500.00 

1500.00 
20000.00 
25000.00 
25000.00 

25.00 
750.00 

2.50 
1.00 
2.50 

4000.00 

12.00 
30000.00 
20000.00 

Total 

Total 

44,000.00 

5,000.00 
5,850.00 

10,000.00 

10,000.00 
12,000.00 

500.00 
5,500.00 
4,500.00 
1,000.00 
1,500.00 

10,000.00 

20,000.00 
12,000.00 
3,500.00 
3,750.00 
1,000.00 
1,500.00 

40,000.00 
25,000.00 
25,000.00 

34,500.00 
3,750.00 

87,500.00 
4,700.00 

11,750.00 
4,000.00 

24,000.00 
30,000.00 
20,000.00 

$ 461,800.00 



ITEM 

1. 

2. 
3. 
4. 
5. 
6. 
7 . 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 

Description 

Appendix E 
Table 2 

Estimated Construction Cost 
Well Field Option 

Estimated 
Quantity Unit 

Access Road to High Service 2200 LF 
Pump House 

Unit 
Price 

20.00 

Large Diameter Wells 1 LS 116,875.00 
Connecting Pipe 2220 LF 12.00 
Valves, 4" 11 EA 175.00 
Check Valves 11 EA 100.00 
Well House 11 EA 2,000.00 
Service Road 2130 LF 20.00 
Well Pumps (Submersible) 11 EA 1,500.00 
Electric Cable to Wells 2220 LF 3.00 
Pump Vault/Wetwell 8' x 10' 1 EA 20,000.00 
Valve Vault 10' x 10' 1 EA 12,000.00 
Fittings 7 EA 500.00 
Valves 5 EA 750.00 
Check Valves 2 EA 500.00 
High Service Pump Building 1 LS 20,000.00 
Electric Service 1 LS 25,000.00 
Telemetry and Controls 1 LS 25,000.00 
Fencing 2500 LF 10.00 
Misc. Site Grading & Drainage 1 LS 5,000.00 
Seeding/Landscaping 1 LS 2,000.00 

Total 

Total 

44,000.00 

116,875.00 
26,640.00 
1,925.00 
1,100.00 

22,000.00 
42,600.00 
16,500.00 
6,660.00 

20,000.00 
12,000.00 
3,500.00 
3,750.00 
1,000.00 

20,000.00 
25,000.00 
25,000.00 
25,000.00 
5,000.00 
2,000.00 

---------------
$ 420,550.00 



ITEM 

1. 
2. 
3. 
4. 
5. 
6. 
7 . 
8. 
9. 

10. 
11. 

Appendix E 
Table 3 

Granger Water Supply 
Estimated Construction Costs for a Design Flow of 100 GPM. 

Preparation of Final Designs and 
Specifications 

Permitting and Mitigation 
Legal Fees 
Acquisition of Access and 

Rights-of-Way 

Cost of Project Components: 

Description 

Mobilization/Demobilization 
Connect to Exist Pipeline 
Misc Pipeline Appurtenances 
Air/Vacuum Valves 
Blowoff Assemblies 
Line Stop Valves 
Pipe, Installed 
Well Field & Pump Station 
Pumps for 100 gpm. 
Boring 
River Crossing 

Construction Cost Subtotal 

Estimated 
Quantity 

1 EA 
1 EA 
1 LS 

12 EA 
8 EA 
8 EA 

43,455 LF 
1 LS 
2 EA 
3 EA 
1 EA 

Engineering, Construction Services @ 

Subtotal 

Contingency @ 15% 

Construction Cost Total 

Project Cost Total 

10% 

$ 161,500 
10,000 
21,400 

15,000 

Subtotal 207,900 

Unit 
Price 

100,000 
5,000 

15,000 
2,500 
4,000 

750 
25 

325,925 
5,000 

15,000 
20,000 

Total 

100,000 
5,000 

15,000 
30,000 
32,000 

6,000 
1,086,375 

325,925 
10,000 
45,000 
20,000 

----------
1,615,300 

161,500 
----------

1,776,800 

266,520 
--------------------

2,043,320 
========== 

$ 2,251,220 

Use $ 2,252,000 



Appendix E 
Table 4 

Granger Water Supply 
Estimated Construction Costs for a Design Flow of 500 GPM. 

Preparation of Final Designs and 

ITEM 

1. 
2. 
3. 
4. 
5. 
6 . 
7 . 
8. 
9. 

10. 
11. 

Specifications 
Permitting and Mitigation 
Legal Fees 
Acquisition of Access and 

Rights-of-Way 

Cost of Project Components: 

Description 

Mobilization/Demobilization 
Connect to Exist Pipeline 
Misc Pipeline Appurtenances 
Air/Vacuum Valves 
Blowoff Assemblies 
Line Stop Valves 
Pipe, Installed 
Well Field & Pump Station 
Pumps for 500 gpm. 
Boring 
River Crossing 

Construction Cost Subtotal 

Estimated 
Quantity 

1 EA 
1 EA 
1 LS 

12 EA 
8 EA 
8 EA 

43,455 LF 
1 LS 
2 EA 
3 EA 
1 EA 

Engineering, Construction Services @ 

Subtotal 

Contingency @ 15% 

Construction Cost Total 

Project Cost Total 

10% 

Unit 
Price 

100,000 
5,000 

15,000 
2,500 
4,000 

750 
25 

371,425 
7,000 

15,000 
20,000 

Subtotal 

Total 

100,000 
5,000 

15,000 
30,000 
32,000 

6,000 
1,086,375 

371,425 
14,000 
45,000 
20,000 

----------
1,724,800 

172,500 
----------

1,897,300 

284,595 

$ 170,000 
10,000 
21,500 

15,000 

216,500 

--------------------
2,181,895 

========== 
$ 2,398,395 

Use $ 2,400,000 



ITEM 

1. 
2. 
3. 
4. 
5. 
6 . 
7 . 
8. 
9 . 

10. 
11. 
12. 

Appendix E 
Table 5 

Granger Water Supply 
Estimated Construction Costs for a Design Flow of 925 GPM. 

Preparation of Final Designs and 
Specifications 

Permitting and Mitigation 
Legal Fees 
Acquisition of Access and 

Rights-of-Way 

Cost of Project Components: 

Description 

Mobilization/Demobilization 
Connect to Exist Pipeline 
Misc Pipeline Appurtenances 
Air/Vacuum Valves 
Blowoff Assemblies 
Line Stop Valves 
Pipe, Installed 
Well Field & Pump Station 
Pumps for 925 gpm. 
Additional Pump Stations 
Boring 
River Crossing 

Construction Cost Subtotal 

Estimated 
Quantity 

1 EA 
1 EA 
1 LS 

12 EA 
8 EA 
8 EA 

43,455 LF 
1 LS 
2 EA 
2 EA 
3 EA 
1 EA 

Engineering, Construction Services @ 

Subtotal 

Contingency @ 15% 

Construction Cost Total 

Project Cost Total 

10% 

Unit 
Price 

100,000 
5,000 

15,000 
2,500 
4,000 

750 
25 

420,550 
16,000 
50,000 
15,000 
20,000 

Subtotal 

Total 

100,000 
5,000 

15,000 
30,000 
32,000 

6,000 
1,086,375 

420,550 
32,000 

100,000 
45,000 
20,000 

1,891,925 

189,000 

2,080,925 

312,100 

$ 180,000 
10,000 
22,600 

15,000 

227,600 

2,393,025 
========== 

$ 2,620,625 

Use $ 2,621,000 



Appendix E 
Table 6 

Estimated Annual Maintenance Cost 
Proposed Granger Pipeline 

Flow Rate: 100 GPM 

Cost of pipeline repairs @ 3 per year = 

Cost of labor @ 20 % of one man-year 
1 man-year x 20 % x $25,000/man-year = 

Road maintenance, twice per year, motor grader 
2 x 8 hr x $120/hr = 

$ 3,120.00 

5,000.00 

1,920.00 

Average annual power cost = 3,557.00 
Based on $0.08 per kilowatt hour, 335 feet of pumping 
head, motor efficiency of 85%, pump efficiency of 75%. 
First year pumping an average of 40,000 gallons per 
day. Pumping an average of 108,000 gpd in the 50th 
year. Average the cost of pumping in first and 50th 
years. 

Sinking Fund 760.00 
for capital replacement (pumps) in 15 years. 
Based on $10,000 capital cost, interest rate of 4%. 

Total Estimated Annual 0 & M Costs: 

Annual Debt Service 
Based on Capital Cost of $2,252,000 
Grant of $1,508,840 
Loan of $543,160 @ 4% for 30 years 
Other Local sources, cash of $200,000 

Total Annual Costs 

============ 
$14,357.00 

$31,410.00 

$45,767.00 



Appendix E 
Table 7 

Estimated Annual Maintenance Cost 
Proposed Granger Pipeline 

Flow Rate: 500 GPM 

Cost of pipeline repairs @ 3 per year = 

Cost of labor @ 20 % of one man-year 
1 man-year x 20 % x $25,000/man-year = 

Road maintenance, twice per year, motor grader 
2 x 8 hr x $120/hr = 

$ 3,120.00 

5,000.00 

1,920.00 

Average annual power cost = 18,772.00 
Based on $0.08 per kilowatt hour, 460 feet of 
pumping head, motor efficiency of 85%, pump 
efficiency of 75%. First year pumping an 
average of 150,000 gallons per day (Peak 
summer use will average 340,000 gpd). 
Pumping an average of 405,000 gpd in the 50th 
year. Average the cost of pumping in first 
and 50th years. 

Sinking Fund 1,065.00 
For capital replacement (pumps) in 15 years. 
Based on $14,000 capital cost, interest rate of 4%. 

Total Estimated Annual 0 & M Costs: 

Annual Debt Service 
Based on Capital Cost of $2,400,000. 
Grant of $1,608,000. 
Loan of $ 592,000 @ 4% for 30 years. 
Other Local sources, cash amount of $ 200,000. 

Total Annual Costs 

============ 
$29,877.00 

34,235.00 

$64,112.00 



Appendix E 
Table 8 

Estimated Annual Maintenance Cost 
Proposed Granger Pipeline 

Flow Rate: 925 GPM 

Cost of pipeline repairs @ 3 per year = $ 3,120.00 

Cost of labor @ 40 % of one man-year 
1 man-year x 40 % x $25,OOO/man-year = 

Road maintenance, twice per year, motor grader 
2 x 8 hr x $120/hr = 

Average annual power cost = 

Based on $0.08 per kilowatt hour, 750 feet of 
pumping head, motor efficiency of 85%, pump 
efficiency of 75%. Cost of pumping is $0.30 
per thousand gallons. First year pumping an 
average of 300,000 gallons per day. Pumping 
an average of 810,000 gpd in the 50th year. 
Average the cost of pumping in first and 50th 
years. 

10,000.00 

1,920.00 

60,772.00 

Sinking Fund 5,779.00 
For capital replacement (pumps) every 15 years. 
Based on $76,000 capital cost, interest rate of 4%. 

Total Estimated Annual 0 & M Costs: 

Annual Debt Service 
Based on Capital Cost of $2,621,000. 
Grant of $1,756,070. 
Loan of $664,930 @ 4% for 30 years. 
Other Local sources, Cash amount of $200,000 

Total Annual Costs 

------------------------
$81,591.00 

38,455.00 

$120,046.00 



Year 

15 
30 
45 

Appendix E 
Table 9 

Estimated Annual Sinking Fund Requirement 
Proposed Granger Pipeline 

Interest Rate: 4.0% 

100 gpm 500 gpm 925 

Sinking Sinking 
Capital Fund Capital Fund Capital 

10,000 499 14,000 699 76,000 
10,000 178 14,000 250 76,000 
10,000 83 14,000 116 76,000 

----- -----
$ 760 $ 1,065 

gpm 

Sinking 
Fund 

3,796 
1,355 

628 
-----

$ 5,779 

The total of the individual sinking fund amounts is the amount 
that should be set aside each year to replace project pumps. 
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/CalirJHlI. Mf 

JeflRurP 
BOIIc~.MT 

OaacklAnc 
OI'ft4itd.NE 

Val Deane Snyder 
ICimbrJll. NF. 
Terry M.r1c1l 
JameJlowfl,NIJ 

Neil T.JII\.u dl 
,'few Rodfnrd. AU 

Lillian Nel.fTl 
MddisOll.SD 

Ted Juhnlm 
WAit. Riw~. SD 

B. J. Slol .. 
1V",,"....a. wr 
J:.,. r.,n .. ",,_" 
CV,-t"'".· .. f 

Midwest Assistance Program KENNETH BRUZELIUS 
EXECUTIVE DIRECTOR 

POST OFFICE BOX 81 NEW PRAGUE. MN 56071 (512) 758-.33~UgU S t 31, 1989 

MEMO TO: Martin Tyler 
Mayor, Town of Granger 

FROM: Mike Sposit 
MAP's Wyoming Field Office 
Box 688 Green River, Wy 82935 

SUBJECT: Financing Alternatives for 
Wyoming Water Projects 

In response to a phone conversation with Bob 
Lebeda, I have enclosed a list of some possible 
alternatives for financing the water transmission 
line proj8ct. 

If you have a qU8stion or need additional 
information on financing or assistance please feel 
free to call. 

Sincerely 

Mike Sposit 
Rural Utility Management Specialist 



FINANCING ALTERNATIVES FOR 
WYOMING \vArrER PROJECTS 

WYOMING WATER DEVELOPMENT COMMISSION (WWDC) 

APPLICA.BI LITY 

Grant and Loan 
funding available 
for studies, con
struction, and 
engineering for 
new water develop
ment projects in
cluding dams, water 
storage, main lines, 
distribution lines. 

Grant and Loan 
for studies, con
struction, and 
engineering for 

TYPE FUNDING 

67% Grant 
33% Loan @ 4% 
(Up to 50 years 
payback) • 

Can be amended 
for hardship cases 
or by legislature. 

50% Grant 
50% Loan 
4% wi th up to 
50 years payback 

raw water rehab
illitation projects. 
Generally for 
improvements to existing 
facilities or projects in 
use prior to 1970. 

FARMERS HOME ADMINISTRATION (FmHA) 

Grant and Loan 
funding may be 
obtained to con
struct, repair, 
or improve rural 
water supply 

T.Jimited Grant 
Lo an fun din g • 
Loan rates may 
very (6% to 7.5% 
given market and 
project location. 

FARM LOAN BOARD (Mineral Royalty Grants) 

Grant funding is 
available in limited 
amounts for water
related projects 
include distribution 
lines 

Up to 50% grant 

LEGISLATIVE ROYALTY IMPACT ACCOUNT 

Grant funding may 
be obtained by 
Legislative appro
priation given need 

Grant and/or Loan 
Subject to Legis
lative discretion. 

and funding availability 
Eor water projects. 

REOUTREMENTS CONTACT 

A political Pat Erger 
entity must be (307)777-7626 
formed. Herschler Bldg. 
Project must Cheyenne, Wy. 
me e t W~'lDC g u id e 
lines and require-
ments. 

Rehabilitation 
project must improve 
safety & efficiency of 
existing system. 
Project must meet 
WWDC guidelines and 
requirements. 

Form political 
entity. 
Project must 

John Jones 
(307) 856-5383 

Riverton 
meet certain 
Federal guidelines 

Project must Don Collamore 
meet Farm Loan (307)777-7331 
Board eligibility Cheyenne 
Local match must 
be pursued. 

Applicant must 
prepare bill & 
seek funding 
through the 
Legislature. 

Local 
Legislative 
delega te. 

Legislative 
Service Office 



APPENDIX F 

FMC AGREEMENT 



111\ ,. , .. ~ 

i,\ C H J: r. H J: !J " 

I ) \<...: --, 
'l'IIlS l\t;m:u,U:Il'1' 'Ill'-It-t! illlu Lids ~_~~ __ ~(lay of 

I\,)()\)(:'")-, . 197U, by illld b(~twVt...'Jl FNC Corporation, a 

\'1yoming, hereinafter' n ff~rreu to ClS "nlC", and the Town of 

as "'l'own", 

\.: I 'I' IJ I·: ~: ~: E '1' 11: 

\'illI::H.l::AS, 1Il{~ lid L Ulid \·;a Ll.:r ~upp ly ilVil i lab1e to the 'I'own 

\-lHERE1\S, ill view uf the u iss ipu tl ou of its natural water 

supply, the Town is ue.silouH o£ uevt!l.OlJill<;J an alternative source 

of water supply, ano 

\vllI::HE1\S, FHC lidS f'xj~;lill<J f<lei Lities for the nppropriation 

of water from the C;rc".'11 Hiv(!l" which could Lc utilized in part 

by the Town for tilt' !'U1I'C'!;(> of il(.'proprL.ltillg water into a line 

whi.ch the Towll tit-Sil('S to c,-"u;t.rul.:l, dllU 

l'JIlEHE1\S, FNt' i:; ... Jillilltj Lo make available to the 'I'own 

partial use of its L'xiSlillY facilities. 

NO\'l, TIIEHEI·'PHL, 111 CUlJ!:lIILPNI'lUU 01" '1'111: HU'{'UAL COVI::NANTS 

llEHElN1\F''l'ER CUt~'l'1\lllI::lJ, j'l' lS 111~Hh:UY ;~GHI::I::lJ 1\S f'OLLOWS: 

1. FNC Shilll, 'ILIlt) ('ost Lu I.he Town, milke available at 

a poillt more lJartieuLnly iUl!lILifJlJU in txhiLit "A" CltJpended 

hereto, and l;y this H'fcn'nce incorporated herein, a point of 

i J\ ter sect ion a l ... ;11 i ell lIl1.' Towll lIIuy r(,muvp auu olhend se trans-

port willer illlo il lil1(~ Lu l,p CI.lII!itn.lctc'u Ly the '1'own. 

2. Ff.1C shall <11so wake (n,:ailllble, at no cost to the 

[rom the point of iq'('rc'I'[ iaLiuIl alolltj <.lUU upon the Green River 

to the ['oint. Qf j 111('\ ~;f'cliull il~; u(!~cribt'd in Paragr.aph 1 aLove, 

or as mon.! pill' t icuL11- 1 Y i dell Li [j l!U c.\IlU pur lrayed in Exhi bi t "Bft 



3. l\s i.I CUlld i t iUII l'n:c:e<.it!lIl l0, <.J.UU in order to effect 

cOllsUIlunation of Lllj s l\Yll~!~II\l'IIL, Lhe TO'/ill sball do the following: 

(a) AC4uin.' 1 rUIII lhe Ullion l'iH:ific Hailroad COlnpany a 

right-o(-wilY 1 OJ- Lhe 1'1<.J.cel1lC!lll of its pipeline 

(b) l\cquire from Ulliull Pucific Hailroac.l Company authority 

to intl~nH .. cl Lhe FNC pitJclinc at a point where the 

FHC tJi pl~ l111t' c ros!;es alld i tltcrsects the Union Pac if ic 

right-uf-',,;<l), !ll) Lhal said puint of intersection of 

tlie Town's l'ipl;J.iuc <.J.11<.! Ft-1C's tJit>eline shall occur 

UJliuu l'al.:Jflc H.dl.t:uad cumpany. 

(c) l\C'1l1irf:' fn!lll !1Ji-" U1IiOll pc..\cific Hailroad Contpany·per-

mifHi.i 011 Lu pi '1<':1.: <.J. sLurage LcwY.. for the storage of 

water tll'Oll L1t(' 1'1"OPI.!1:Ly dl\U right-ot-way of the 

Union Pac i f 1c H •. d lroi.1d <...:umpany. 

(d) G~"alll. tu Ute lilliull l'ilcilic Hailroad Company such 

agreeItU!llt!j of i lld(!lI\lIily .:llld such t>olicies of insur-

<.J.IJCL' ,IS IlIiI)' Lt, r:t'qUill~d I,y Lhe Uuiun Pacific Rail-

(e) J\cl.juirl' ("LOlli LIlt, ufficl: of t.he \-lyorning Public 

Servicp C{)l1ullis~;it.'ll a dcll~nllinillion that FMC will 

not I)(! t\('cllIed d uti 1 itl' 1 l' rt'(lson of allowing the 

Town to u l i 1.1:.:(' <.J. porLion of its pipe line for the 

ll:<lIl:.pt>l Latit>1I dud upprOI!riaLiol1 of water. 

(f) Acquire [rom L11f' affic€: of the State Engineer, State 

of \:yolllillq, ':'1 '~:al('r ric.;hl, a[>propriatioll permit, and 

adjudic(lI.i(.'1I fur l.L'lIIoval and utilization of water 

frow Lilt' Clt'VII Piver. Suid adjudication right and 

PPLlld l. l<...) lH~ i ssueu in lhe Jldme of the 'fown of 

GrangL:J:, !:j\o.'l!L'l .... ·iller Cuunly, Sldte of \'Jyoming. 

l'i1yc Two 



(g) l\t;ljuir(' illHj fU.LI\.i~h l;Ct,.lul of a policy of insurance, 

willi 1'1-11: '-IS d Ild!I\L!U i!I!;UleU, jJ\suring FHC against 

dll}" l<.'~i!; ".'hid. lllighL .lrisl' by reason of the 'fown's 

uLiU:l.dliulI til l'l-IC's !,ipeliJlc. 

4. 11: is \lllllt'r~tUlJtl dlld ,1lJn.'t,.-u that Lhe utilization of 

Ft-!C's facilities shall IlL! illb:1rUl'Lalde ilt any tillle and for any 

duration as ueerneu jleCf~SSi:ary lly FNC, for v/hatever reason. 

5. The TowlI 5hal1 inslidl ~;uch devic~s upon its pipeline 

"ut.! Upuh i"~1C·t.i ,"I'('j ill'> oiL LIlt.: l'Oilll or illLcrscc.:tioll as shall be 

stilJulaterJ by tlU! l·-r·\(' I'JHI i Il(:l'r illg VeparLment aud as listed in 

Exhibit "Cit appellti(-d IIt·n·lo, dnd by LItis reference incorporated 

herein. 

6. 'rile '1'0 ..... ·\\ shall, (rulII ilnd after the effective date 

of this AqrecI1H.wl, illdt'lIl1d ly ...lIlU hulu FNC hurmless from ilny and 

all claims, includilHJ co!;ls, atLorney' s f(;es and expenses for 

property damages of t:Vl'ry ~: i 11(.1 .lIlU dlu.1.acLer, including, without 

limitillg the gellel"dlily 01 Ill .. · (urt'suiny, uamages caused to land, 

buildings, structulL'S or l't'lr;oll.J.l. property; and from any and all 

claims, including costs, .:ltLoL'IIC!Y's fees and expenses for personal 

injuries or damag(:~;, ll1c.:1udil1V ul'dLh, l'L'sulUng from or arising 

ill connection wi Lh illlY 0pl'ratiuns of the Town conducted in connection 

with the construction, OI'''l''aLloll, or /IIaiJlteJlanc.:E.~ of said pipeline 

or Ut.=CUJ?illlCY of lilt! PtL'I'L!rLy uf the Ullion Pac.:ific.: Hailroad Company, 

Fl-IC Corporation 01' lllp '1'0',,;11 of (;raJl<:Jur: anu 511<.111 defend, at the 

TO'wll 's expellse, <.lily d IHJ ill1 cll! j ms or sui Ls Lrouy II t aga inst FNC 

on uct.=ount of allY such C1ill111S and shull pay any judgment against 

F'HC resulting [rolll allY such suit or ~,uils, provided, however, that 

n'IC shall helVe 1I11.' riqht, if iL ~j(.l u!,'t.=l!;, to participate in the 

defense of any suit to which FHt.: is a party, without relieving 

the TaWil of its olJ li ya l iOIl 1.0 Ile [':JI(.l !':uch sui t or suits. 

7. It is IlIld!'r!3Iuou and avn.'cu lhal no title, prescriptive 

rights or right L.f ll!~('r sllilll rjpeu jll lhe 'J'()wn with regard to 

FHC's facilities by n:asc>II of the Towu's use of said facilities for 

any uninterrupted pt.'l iud (,f limC! and Lhal FHC, in audition to having 

Page Thn:e 



the right to interrupt till: 'I'Uh'll' S US(, 01 FMC I S facilities tem

porarily, shall hav~ U)(,' liqliL, ul ,IllY UlIIC, upon the giving 

of thirty (30) days' lIolic.:(', ill writ.ing, to terminate this 

agreemen t and thereby I'l'Lll1dll('ll L I r lel"mi 11.:1 tf! the usc of its 

facilities by the TowlI. 

O. No ell.uujl', 1I1<1(jdJl!illjuu 01' alteration of this agree-

IlIent or its Exhibits, OJ: Llir;! lacililie!.f (ll'scribed the the Exhibits 

of this Agreement, sllilll I'l! valid UI11L'~;s tlw sallie Le made or 

spf.!cified ill writillq, !;i'lw'd by lll'! parLil's heret.o and no cours~ of 

deuling bet\veen tilL' part iv!; Sllull be construed Lo alter the terms 

hereof. Should ul\1' cldust:· 01' 1'0rLiol1 of this Agreement be unen

forceable or be dC(::!lIIcll i IIVit 1 i (.1 r 01' auy reason wha tsoever, said 

un~nforceability or illvulidity shull noL affect tlte enforcement 

or validity of tIle> t'(:lIIaill.il1g purLions uf Lhis agreement. 

9. All 1I0Lice~i It'{juL1cd ht:n'Ulltier shull be deemed to 

ha ve Leen proper ly y 1 Vl!1I ':lIld ~;crve(j IlL'u,: i 11 when sent by certi f ied 

or registered Ullited SliltL'~) lHail, or teiegraph, with all postage 

or charges full y prepitid d lid d(.hlrl!ss(~U lo the part ies hereinabove 

set forth. The date of service of such notice shall be the date 

on which the notice i!; d{'l'u~.i i tl!d ill u Ulli ted Sta tes post office, 

or Lransmilted Ly the L.'l ("::J1 -\l·1t t.:OIllI'i.lllY i.lS ShUh'rl by its records 

us the date of sueh t.l'i\lI!;Ilti~4Si(lll. I'(:rsullul uelivery of such 

writteu notice shall 1I'lv!: tilL! Si.lllle el1cct as Ilotice given by mail 

or Leleyraph. EiLlII'r palli', 1)1' lIolit..:c tJivclI a~ aforesaid, may change 

the address to whicll futul"C! lIulicl!s IIluy Le sent. 

10. The <':OVL'/I<Hlts Ilerein cOlltaincd shall bind, and the 

benefits amI advilnliHJ'~'S sli,,,\ll inure Lo, Lhe respective heirs, devi

sel'S, ll;!gCltl!t!s, eXL'cuturs I uJlld nistlator5, successors and assigns 

of Uw par ties Itc·n'lo. \vlwllcver uSf.!d, lhe singu lar nwnLer shall 

incluuc the plural, L1H~ plural the !iill<.Jular, ,mel the use of any gen

dHr shall include all ':lellders. 

J'(J<Je Four 



],;1'TES'l' : 

"':~:~.~,.~,:~ ... ', , . 

. ':';'tTl"l'EST: 

IN \-.'lTW:~;~: \:1111\1:1 .1', till' I dl \ l('!. IH:let'u have executed 

Fr",' ('(JIU'(l){Nl' J UfJ, il {)p laware 
'-'Lll'I'Ul'ill i 011, 

J / ' ,.' / II 
lJ'I ' _ /' '-. ( ',!~-' !_,¥ _' -A' ('-l;..:.t:...·c-'I'--'l;.;., ____ · _. _____ _ 

'\' i L J c.: : ',,: ( ',j \ (\ c' n"\ ,y \ (~ \,\(' J t, '( 

The state of WyUI1I1II'J 

COUll ty of Swee Lh'ulp r 

Un this day uf I \ ',I t;' I 197~, before me 
personally appealed '--i\(_~"IILI ~~.'r;:~,I ~r=-_~-.~_ to me personally 
known who, beillY l,y III" dill',' !~WLlnl, lhd !.iily Lhat h(' is the 
J~~.Lll.~'~!J...L_.,!JJ(,.,l.!'_~"~ i. of !-'1·'C Curpl)l'<lLioll, a Dt-Iaware corporation, 
dnd that the s('[ll ,at f b:c.;;l t:o said illst rWIlf!IIL i!i the corporation 
setl.l of said Cl'l'poldt iUII, ,lilt! Ll,,,t ~:d ill ill!;ll'ulIIl!Jll was signed and 
SPil]eu on behillf of ':aid c'ol\,ul'aLioll L,y 'JuLhuJ·ity uf its Board of 
Directors alld s,lid !." ," I ~ ,,:.,! \ "ckll()wj(~dg(~d said 

.... i~~.truJ\lcnt to i.;l' lh;, 11"" dl,'\ d~ld'~kt·d of !;.i.iLl corpuration • 

• , I", 

G i veil ll1,d'-'l \\1)' 

l>ty cOIl1I1\i~;siull l'xl,il"'~: 

''-" I.A. "."""'t(\f' C: ".e .... ; 
_______ ._'UII~ 1_':1 It:~lQ. 

!is. 

f j Uj L hcreinauove 

Cuunty of S\o·;eelWil!.Pl 

UII LItis tid'}' til {C~~.'i'I::.~ ,_ ... _ 1~7U, before me 
I'8t'"sonally a(.'Ilt'tl.rr'J '\.'d l'I"clll'I', U, 111(' PCl'sollally known, who, 
l,.ping by "Ie duly :; .... 'urll, did ~;Lly that: he is the HLlyor of the 'fO\l1n 
of Glanger, SWt:f,'lw,lIt·j' ('UIlIILy, h'::'{'I\lillg, ull<.l Lhat said jnstrument 
\0,'<15 signed Ull l'I'IJdl[ u1 ~'.d.id 'J'U\o,'JI by iJulhol'iLy of it~; 'fuwn Council 
<1lld said HODel'l l~]()~;s i..Ic:f,llll\o,'j('dy(~d suid insLl'uJ1Icnt to ue the free 
ucl and dc(~d of ~;tlid '\'(1'.-:1\ uf C;l'LlJl~l'~l'. 

wr i L Ll'll , 

'.' ... 

) , d <::! L' )' 1 ',' L' 



TillS SlIPPLEIn:NTI\(. At.:REEt-1ENT. made- Jnti t·t1tert·d illto 
this ~7t!1 day of __ l\.~H,~lE.~ __ , 19~4, by lind betHf!ell FltC WY~lIIill~ 
Corporation, a Dc] <n.,'are COl-pld-acion CllIal ified to do lH1SllU!SS ill 
the State of Hyontillg, who~e addt'ess i.s Post Office nox: 872., 
Green River, Wyo\l\inS I.hel·~111a[ter n~ferrc~d to a~: "ntC"), and 
the Town 0 f Grang~r, Swce tW'1 t cr COllnty. \lyoming ~ ht!reill~ft e l" 

referred to as "Tl..l\oIn"). 

W ! T N E ~ 5 I~ T II: 

WHEREAS, under date of August 31, 197£1. FMC i;Uld the 
Town entered into an Agrecm('nt ...:hich was reconil·d February 14, 
1979, in Book 697 at Pages lR64-68 as Entry No. 783902 in the 
records of S\oIee twnt er Count y, Hyomillp, (Iwre ina ft, E~ r re fe rrC"d to 
as the "Agrcemcllt") pur..>uaut to which F!1C Ins llIadE! :lvai lable. 
at no cost to the 'fO\\I1, partial lI:Je of H1C' s ~'Jent:\'cJco plpelint' 
to fnci1itate the transportati.on of up to 0.51; ("ubic fe(!t p~r 
aecond of the l'oHn':; water risht unclE:r P(~nnit No. (167 /• 
Enlargement, First ElllargC'nlcnt of tho We~ltV:lC() }·ip(~lille. from 
FMC's intake facilitv on the GnHHl lu'ver to a point f)f 

intersection in the \~'e!ltvaco plpeline at Hlliclt lIlt' Town. n'lIIove~; 
and transports said t.;atcr to the Town of Gr,ln!~.(!r hy Il\eow~ of a 
pipeline constructed by the Town; and 

\-lIlEREAS, l:he To ..... n has secured an additional water 
right under Perl11it Nag. 8795-1181)U and 410 l • r::111at'~p.lIIent :Ind has 
petitioned the Wyoming State Board uf Cuntrol for, amollg other 
things, a change in the po int of di VE!t":O ion and l11p.uns 0 f 
conveyance in order that up tu 1.5 cubic feet P(!I !;ccond of 
water und£!r said Permits Inay he diverted from the Green River 
through FMC's Westv:ltd p1pelillc to the (\fOr~3aicl poi.nt of 
intersection at wIdth Said l-mter may be t"(·tnoved ~nd tr;}nsp.orted 
to the Town of Gl."nn~er by l1le:'\n~ of the pipeline IH!t"elofore 
cens t "-ucted by thf! Town; ond 

\YllEREAS, ntc is willing to allo,ol partial \1S(~ of it!! 
intake and pipeline faciliti~9 in order to accommodate the 
TO'oIn's additional'\mter rights. ns a1:oresaid, Oil the tcrll1~ and" 
conditions set forth her~lu and without .icopa!"dtd.ng existinl~ 
obligations and rinhr~ htttwp.p.n FNC and the 'tolm. 

flOW, TllEREFOat::; IN ~UNeIDERAT ION OF 'rill'! NUTIJAL 
COVENANTS H~REINAFTER: CONtAINED, IT IS HEREllY AGREED AS fOLLOWS: 

1. FMC agrec:! t itn t 4 at no cos t to the 1 own, the TOHn 
may utilize FNC'3 itit.1lke tac.i.lities on th£~ Gt"t~en Riv(~r as the 
point of d:f.vl!rsitJnJ~j a,,~"r.")priatp. an :1dditi'lIl:ll anlllllilt of 
water, of lip to 1. S cublc feet p~t' sE~cond under ferlJlit Nos. 
8:'95-11890 and 4ld4 tnlargemerit~ FMC further agrees that, also 
at no cost to the 'towd; the TOWN ma, utilize n1G'~: e:-tistillr, 



\(estvaco pipeline as a mnans of cotlveyinB tip to sai.d 1.5 cubic 
feet pe.r second of w~tel" to the point of inter;'c,ction 
identified in Exhibit "A" ap{l('ude:d to the Aer-::H!lflcnt, at which 
point the TOHn may n:-Il1OVp. and t r:lIlsrort said \-1af:e r tlfrough the 
Town t s existing pipeline for \lSI! "'ithin the iuc()lporated li.mits 
of the Town of Granger nnd, subject to the Frovisions of 
paragraph No.7 belov1, upnn lands r:i.tuated outsidE~ Haid 
incorporated limlt:c; (If the Town. 

2. The 'town acknoHlcdr,c:s und agrees, ard this 
Supplemental Agreement iu entered 1nto on the e:q:re:Js 
understandi.ng and ugreement of the partie~ here.to, thllt the 
utilization of FNC's intake and ''''estvnco pipeline facilities by 
the Town for such pUl"l)ose shall be Intel'ruptuble at any tillle 
and for any duration us deemed n~CC!HH\ry by FI1C, fot· any reason 
whatsoever. FHC shall be nnder no obligation to pump or 
tran!Jport any water for and on beha~f. of ~he Tom"'. through the 
Wes tvaco pipe line should Ft-1C t in its' so Ie I discrnt ion t determine 
that FMC does not have St1ffici~llt pumping lor pipeline capacity 
to t ranspoct the Town's water l'ights or sh(j~ ld fMC, in its sole 
discretion, determine that the same .\lould! intl~rfel."e with or 
illlpail' FMC's rights to p"mp and tratHlport 1\'Hlter through the 
pipeline for its own purposes under FMC's :pennits and W(ltel' 
rights. 

3. It is further understood and'asreed that on title, 
prescriptive rights or right of user· shall ripen in the Town 
with regard to FMC's facilities as a result of the Town's 
incrnased us e of said fact 11 t teA as I'£"rtni tt ed herein, 8.nd th~ 
TOHO shall acquire no vested rights therein by r.ea:;on of the 
Town's use of Duid facilitios for any uninterrupted period of 
tim ••. :tn addition t.o havinu tho risht to 1ntf~rr\!pt the 'rO\O/ll' S 

use of FMC's .facilities tCOIpor'1rily, FMC shall havl~ the right, 
at any time, upon the giving of thirty (30) d:1Y:~' notiC"(~, in 
\o/riting,· to tp-rminllte this Supplelllental A~~re~'mcl\t and thereuy 
permanently terminate the use of its facilities ~y the Town. 

I 
4. As a ~ondition precedent to the effectiveness of 

this Supplemental AI11"!H!mcnt t the Town shall do thE! fol1uvling: 

(a) Acqtiif~ from the State Board of Cuntrol (i) 3n 
Order chancing the point of d i Vf~r:; ion and means 
of convayltrtce as l."eq"-teu ted in the Tm·m' s pet it ion 
to the ~tata Doard of Control, Docket No. 
IV-83-4-j, l!nd (ii) an ::tmended Cel"tificat(~ of 
Appropriation und Chan(~e of IPoint of Div(·r:~lion 
and MP.~IH~ (If Conveyance; slli.d C'~rti f:icnto to be 
is sued iu the narne of the Tchw. of Granger, 
S\>lcetwfttat County t State of ~/yoming; and 

(b) Acquire {l'Olrl the Offico of the ~IYflming Public 
Service CiHllllti!i!Jion and furntsh proof to FMC of a 
dcte.:ririfn~t{o'i that I11C will not bt~ dP.€lDCd a 
uti1itf by l'£~':tson of al10to1i.nu the Tmm to 
incre~Si tts utilt:atiurt of a portioH of FMC's 
pipeline .for.th" :.tppropriatioll. and I:r;-Otlspurtation 
of the adQitional ~1!10Ullt of Hater specified 
above; and 



(c) Acqu i l"e ~llld furnish proo f 0 f a l"id(~ r to the 
prcexiRting insurance policy l:equired under the 
A~reeltlcnt, with 1:'11(; as a named in'"ured, in~l1rillg 
FMC against any loss which might aJ:i~H' -by reason 
oft he To \.;0 's add i t i 0 tVl 1 1I til i 7. a t- ion () f FHC' ~ 
facilities by virtu.e of this Supplemcntal 
ABrecl1Ient. 

5. The Town has represented to Ff'lG thaI: the Town 
dc~ire!l to COllstruct its own intake and pi.pE~linc syntem for the 
rurpose of appropriating and transporting its wal:er right:) f1'OIll 

the Green River to the TO\'1n of Granger withi_ll appro~dlllatl~ly the 
lll~xt five (5) y,~ar:1. HIC Hill coopernte with ttw 'fCHm in its 
oesire to chnnge t:he To\.m'~ point of divt"rsi.on Cll\rll:te:tns .,f 
conveyance at such time as the Tcmn (]ppli~s for the necessary 
pt~rmit~ with the State of HYOIning Board of Control, subject, 
however, to :.1 deterllllnat,loll by Fr-1C that such changes wi 11 not 
interfere wi th or impni r FMC's full use and enj o:;fnlen r of i t~ 
\01 n tel· r i r. It t s . 

6. In further consideration for the U3(~ of Ft1C's 
intake facilities and W(!5t:V~CO pi.pf!linf!, the Town :1grees that 
during times of short:agp.s or droughts any e}Cce~s Hater which is 
Hot actually recJuired and used by the Town for Inllllicipal :lJ'\d 
domes t ic F\l1'pOSes 0 r whi ch the Town is no t ob 1 iBatccl til de 1 i ve r 
and furnish to t:hird parti.es for such lIses Bha11 be made 
avai ,ablE" \-li t'h'-,ut co:;t to I:HC, to the E"xt-en': rerlfli.tted by law, 
foe FMC's domest.ic and othe.l' ~se.5. 

7. The :rnh'1l agrees not to distribute, :;cLl, ;lssign, 
transfer or convey any of its water or watE!r." rif!hts to thil-d 
parties for use or conslImption for Inuniciprd or domest ic 
purposes 011 lauds situated more than (2) fniles olltside the 
present exterior b'lllldarics of the incorpol'ated limits of thl;' 
Town ci Granger' .l,<..!rl! tho e:dstins point of dive:rsl(lO olnd 
pipeline of FMC Hill be used to convey said \oIate'r unless and 
until said distribution, sale, 3ssignment, transfer or 
conveyance is <lppr!)vf~d in \~t' ':":'inf:. by FMC. The Tl)wtl, should it 
determine to distribute, sell, lea!:e, assign, transfer or 
convey allY of its water or \ .... ater rights, in whol.~ or part, for 
any use \lltatsoever 011 lands situatE"d more than tlolO (2) mile~ 
outside the now e)Cistinl~ bO~lIHlaric~~ of lIH! illcorpor;.lted lilllits 
of the Town of Granger, whether on a tempor:lry or p~rlllallel\t 
basis, shall notif] n1C of thc terms 011 \-thidl th.~ Town \,'ould he 
willing to distribute, ~-;~11. ]ea!~, assiSII, tran;fer or COtlV~y 
such \oIatHe or water' rlghln. Should Frie, \H,:hin thi r-ty (30) 
day:; after recc'ipt of the 'fOHn's notice, illdic;]t'~ in writing 
its intent to acqu i r~. tJi.1rcildSe or lease th,~ Tow-I' S Ha ter 
riBhts, or a spel!ifi~d p~trt thereof, on tIlE! terlll~ stated in the 
Town's 'notice, the Town r;!tall sell or lea:w its ' .... ater rir.hts, 
or the specified pnrt: thereof, to FMC on th,:! terlll~ stated in 
the notice. If FMC does not notify the Town of its intent to 
ex e r cis e it!: 0 P t i 011 Hit h i n t It t r t y (30) day ~I, the T OT.m 
the rea £ tel' s h a 11 h a v ~ t 11 c t i g It t t 0 dis t rib 1I t ~, ~ e 11, 1 p. a:; e , 
assign, trnnsfer ot cOllVey i.t~ water or ",al>~r ri5hts or the 
specified part thereof to a thil'd party on the same terms 
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s tntcd ill t he not ice. If tha TO'''11 does not d lst:ribu te, se 11, 
leas(~" . ass ign, transfer or convey such water I)r \oiater ri~hts, 
or the spec:ifip.d part ther.eo f, \dthin one' htlndrt~d t\oo"ellty l120) 
days thereafter, any further trawu.lct:ion sha 1t IH,' deemed :l new 
dct~rll\ination by the TO\,'n to distribute, nell, lease,- :t9:<JiCll, 

trausfer or COUV(~y the \,'ater or water rights and the provision 
of this paragraph shall be applicablo. 

8. It: is understood and ~Breed that all of tht! terms, 
provisions, and condition:! of tne Agreement shall conti.uue to 
remain in force. ~nd ~ffect with l'esp(!ct to the utilization of 
Fl-lC'a fa.cilities as n menns of conveyance of thu TI)wn's right 
t.o appropriate :lnd convey the 0.56 cubic feet of ~l:1t'!r which 
'-'H'\S the subject of the, AI~rcelllent. F~C and. the' TCI\1ll conf;.rm, 
rat tfy ami .:\ckno\-lledr,e, the Anrp.cment ~ with all I)f the t:erms, 
COl1dition~ ;.:\Ud proyi!:).ons contained t:herein, and hereby make 
this Supplemelltal Agrcl'ment subject to the same terms, 
condi t ionD, and prov! 11 10llG De t forth. in the Agrl!E ment to the 
extent that said tl"l'nlU. conditions, 41Ud provision!J a.rc not 
i neons is t Imt t\f~ re\li th. 

9, The CnV(~IH\lItu herein cO~ltained sha.ll bind, and the 
bp.nefit~ and advantages ghall inure t:o, the r~spectjve 
Sllccessors, personal representatives, and assigns of the 
parties hereto. 

IN \HTNESS WllERF.OF, the parties have eXE:eutcd this 
SUPl'lelllE:lltal Agreement as of the d~y and yea r h(!l'elI1ab(l'Tl~ fir.9t 
written. 

ATTEST: 

FNC WYotlING CORPORATION, 
a Delaware corForatiuu 

TOUN OF: GRAHGER, S\'J~~E'f\<'ATE:R COUNTY, 
WY0f11UG 



TUE STATE OF WYOMING ) 
) us. 

COUNTY OF SWEET\-IATER ) 

On thisrit&'!daJ.~' 1984. bdo1'e me' per-
sonally appeared ",:,.;:r.w~ • "flt!~ to In-! personally kno!,n, 

~y~e~ng by m~J"iluly s~orl1t1 did say. that he is the7-'I.l~~t-,,4.{! 
t..:!/ ,-~~f f"NC W10Ining'C5rp~r~~i~n,. a Dehl\~are d"rporation, 

and that the seal a£fixed'to said~instrument 1S the corporation 
seal of said corporation~ and that said instrument was signed 
and sealed on behalf of snitY"~o par iog by,auth9.1-·ity of its 
Boar~ of Directors and ~aid ~_ . ;&:""~~~_cknowledged 
said instrulI1cilt to be the ~ree act' and d ,d of said corporation. 

Given under my hand and senl the date fil'st herein
above'written. 

, : 

:,./,t~:; i/.(:~ :~ 
. (t .' , . ! ~ . 

~t Lt~~~i()n ~Z)ireS! >q. . ~/ Iff __ 
, , ".'~ r " \'. '. : .. .' 

j' , ... ·-f " 

THE STATE OF WYOt1ING 

COUNTY OF S\.JEETY/A TER 

~- . I 
1. C ~I ',1:

' l,~'~~ .fl' 7Jj--" r _ l /LL~;(· , - - -' -------7 i - ? NOTARY PUDLI ~f. t, / • : 
Residing at" ¥.JLZ~,U2: 'f~ (:-::: ..... '-<.-

SS. 

On this _h'11'\.. day of A"'~\4 sr , 198/t t before me per
sonally .app~ared MARTIN TYLER, to mE! person,lIly known, who I 

being by me duly SHortt. did say that he is tht! Hayor of the 
Town of Grnngor, Sweetwater County. Wyoming, unci that: said 
instrument was sigh~d 6n behalf of said Town by authority of 

.,.····"its,Town,Coullcil and said MARTIN TYLER ackt~.)wledged said 
".:~,.?:I~P.o~tJ:umer;a~' to bo' thQ free act and deed of said Town of Grane,cr. 
',- ! '. ' ... ~ ~ .. ~ ..... l ~ 
, ' ,aTft." .. Given under my hand and seal the date first herein-
\".l b"" t .. '. " t' t t a oVe,:' wr en. ,," ',,' I' '. 
,1-'1"'" 1'~;: £ ,1 

,,' ,",' i~:~:(~;:· 
My Commiss,on Expil'SS l I" A-pfu..L.J~.8:...-. __ 

3699C 
072334 



APPENDIX F 

WATER RIGHTS CERTIFICATES 



THE STATE OF WYOMlNG 
Certificate of Appropriation of Water 

Proof No-.32.SIl!i_ 
Certificate Record No.~_. Page----1g~ 
Water Division No~, District No--.l_ 

WHEREAS. ____ .ImnLof .. Gr:anger __________________________________ has presented to the Board of Control of the State of Wyoming proof of the appropriation 
of water from _______ ..Gr:c..en_lliY.e.r:. _________________________________________ .. _________________________________________ . __________________________________ _ 

through the _________ .Enl.. __ ReB.tvru:o..eil'elinfL _______ . _____________________________________________ Dmbc under Pennit No. _____ ~61~L.EnL. ___________ .. _ .. __ _ 
---n1nicipaJ nU .... n06~s---_-Y .. ·1CKl£ll.Y.1l'.lAylrJt~yyJnl.T.vy.Y.'II:-1I:JI'1nrY.Vvv.1I':1t.'!L1l'!'I'.v.,. I - _.If bei - S e .... ~ .. -- r: nt W nu' 

--- ··;~~~~;;;:~a-t-;~:-;~:7oa:~7t'c::;:I7n:~::n;:::;;;:e ~:~u:: of ;~o::;~~~~~ b: :=~~~~~:f!fa~r~:~~!Utb:~--~O---~~~daY of 

____ .. ______________ , A. D. 19 ____ , in Order Record No. __ .26 ______ • Page_!.BJ .. ___ • determined and established the priority and amount of such appropriation as follows: 

Name of Appropriator _____ TOVD....,oL_Granger:.. .. _________________ .. __________ ; Postaffice Address_ L."'O.-Box...4.1. ____ Grangu:. ____ B.29.34. _____________ ,Wyoming; 
Date of Appropriation ____ .llQDmP..e.r:._8._J9J.8. _____________________________ ; Total A.creage _______ ...Hone ____________________________________________________ ; 

i NElli NW1,4 SWli& SEll! 
TWP'I 

RANGE SEC. TOTAL 
NE,* I NW% I SW,* SE" NE" NW" SW,* SE" NE'A NW% BW,.. SE\k NE'A NW-'41 SW'* SE" 

Thi 
I 

' .. -;on .8 H ~; ~pti :0 0 6-.e.... II f or .... • 11 .. ,.. ...... :, a~ ~), i .. 'l"", .. n ",F 

~9liutHI~ 
Gra ger. ~yomi ng at the ollowting p lints of u!; e: 

28 X X X X X X X X X x r 'I' x I y Y 

ResuIey 
29 X X X X X X X X X x y x x x y y 19NJ l1W 

ReauI jvey 
X X X 19N l11W 32 

Head Gate: SE\SEt Section 16-30-109 Resurvey 
The right to water hereby confinned and established is limited to ir.UDtlmIlx. - - u --muni\~ ur 08a. 
the use is restricted to the place where acquired and to the purpose for which acquired; .' 
~m ....... . 
»lOK~~ 

IN TESTIMONY WHEREOF, I. __ _Geora:e.L... _.Christopulos . ____ --.---- _____________ • President of the St.1.te Board of Control, have hereunto set my 

hand thiS_~~y ;:!7/\u'r!..usr, _____ .. _, A. D. 19.83 _, and caused the seal of said Board 

Attest: -_~C;;Z?:, _:__ _ .. ___ ._Ex-officio Secretary. 



!1!!1!!!! THE STATE OF WYOMING Proof No._ 3025! __ 
Certificate Record No.~_, Page_~~! __ 
Water Division No_4 __ , District No_~ TOIfD of Granger (successor to Certificate of Appropriation of Water 

Bette H.. & Robert V. Thompson: Claude A. & 
WHEREAS. .:.~_~_~~~!lL_~~!8!~ ~~~~P!"~~~.:r:.~L ____ has presented to the Board of Control of the State of Wyoming proof of the appropriation 

of water from ________________ ~t:.~~~~~~ __ ~~_~!"~~_ ~~~~~l_~!"!~~_t_~I Gr~~!1_ !lJ!~r _ .. _______ . _________ . ________ . ________________________ . __ 
through the.____ ~~_'!.(~:~L~!'~} __ J~~_~!t~_nJl~(L~Q_!!~t:._'!~~~!!If.9_J~~~~!!!l~) ____________ . _. Ditch under Pennit No. _____ ~]9_~!!~2~L ______________ _ 
___ _ ~~~_~_~tJt~::p~!!' _____ for ~lmx'l the lands herein descrii>t!d, lying and being in---------~~~~~~E~~---~-AUg-.;-l985----County. Wyoming. 

NOW KNOWTE. That the State Board of Control, under the provisions of the Statutes of Wyoming, has, by an order duly madJand entered on the ___ !fJ~ ___ day of 

_____ ~~~:~~!L ___ _.. A. D. 19 __ ~~. in Order Record No. ___ 2~ _____ , Page __ ~~ __ , determined and established the priority and amount of such appropriation as follows: 
Name of AppropriaUa!- _____________ !~_~~Gran~et: ________ . ___ . __________ ; Postoffice Address ___ p.!.9~ __ l!~~_~~L9_~_I!.&~~ __ ~~9_~ ________________ ,Wyoming; 
Date of Appropriation __________ ~~.!>~E._.~~! _ !~P~ ______________________ ; Total Acreage _____ ~~~~ _______________________________________________________ ; 

Amount of App~OD_-.---------!~.?--n--------cu. ft. per sec.; Description of land ~ for which this appropriation is detennined and established: 

I NE14 'J'WP. RANGE SEC.. 
HE .. NW% I SW%. BE%. NE% 

19N lllW 27 Niskwt 

19N lllW 28 I I I I I 

19N lllW 29 I I I I X 

1911 IllY 32 I I I I X 

Thislapprc priat ion i ~ to 
OI e ~cn yE ar, c:: pen po or 
1.5 ~.f.s vhef1 in p r-iori 

* D vera on aJqOunt nclu 

NW1!.t SWl!.t 
NW% SW'-' SE% NE%.1 NW% BW% I BE%. 

I X I I I I I 

I I X I X I X 

>e dh erted duri g th. peri ~ of June 
'J~ Q! Y9. ~ater is ttl be dli Yert ad at 
Y. ar d is ~ot t es:c~ed 2716.0 a re-fE 

I ! 
es c9nveyance Itsse6~ 

SE1!.t 
NE%.I NW% I SW%. BE%. 

X X X X 

X X I I 

1 thr ough ~ugU811 31 
a rat e not to e~ceed 
et in any ~ne yt:tar. 

I 

-
TOTAL 

THIS AHENDED CERTIFICATE IS 
ISSUED IN LIEU OF A PORTION 
OF TIlE ORIGINAL CERTIFICATE 
OF APPROPRIATION OF REOORD 
IN CERTIFICATE RECORD 71. 
PAGE 132. AND Al1ENDS TIlE 
ORDER OF ADJUDICATION OF 
RECORD IN ORDER RECORD 19. 
PAGE 386. PROOF NO. 302S4. 

Head Gate. !)t;t!)Et Section 16-20-109 

. h b f· ed d tabl· h d· I· 't d t fin..YYL municipal purposes ~. The rIght to water ere y con Irm an es. IS e IS Iml e 0 1~-------:··---_yyy,y.YTYYV'YYV'n:.yYYYY."lVY~v~~ 

~
J:~~tri~t~.t..Q .. th~.P.l~W~.~h!tt"!L~~.ql!,lx~.Rmtt~,,~.~.~.,e~.n?~l!.~.!~E!:h~uIred;~.fltft"'iP"'~I"iWl'tJflm-... W"~~~~ 

. MJ.J.~~_l.l.UWlHrouX~IXI~.ax ... ¥m-..UlMl&nmTnn. ..... ILAJIIIL&X ... q4lx:ul ... L .. ~ ... nIJ_YUl~I.D~...ID&III~/l.AlllUIto.A...-. 
~~.u 
'. . GEOkGE L. CllRISro~ULOS . , IN TESTIMONY WHEREOF, I, __ _._ .. ______ -.----- .. - _____ ----------- .. ----. - • PreSident of the State Board of Control, ha\e hereunto set my 

hand this _____ ~~~~l _____ day oL _______ ~'eb!_u!l_~~. . _ ..• A. D. 19 ~_. and caused the seal of said Board to be ~~,nto ~ffjx~,. ,~ 1 " .;. ~l, .• 

Attest: ~a._U!' ... r .. - ..... *-.~ ___ .__ Ex·officio Secretary. --:/:::~*~;,"'~~, .... ~!.------:..~·-·-:..~:.-~-'--:.:-·--·~~resident. 
..,. ~ ... "" ........ / v 



APPENDIX F 

STATE ENGINEER'S LETTER RE: SURFACE WATER 



THE STATE 

HERSCHLER BUILDING 

Paul N. Scherbel 
Surveyor Scherbel, Ltd. 
Box 4296 
Jackson, WY 83113 

Dear Mr. Scherbeli 

rID [fJ rf
MIKE SULLIVAN D GOVERNOR 

~ OROON W. FASSETT 
S1 ATE ENGINEER 

• tee 
CHEYENNE. WYOMING 82002 

August 08, 1989 

Re: Paul von Gontard 
Well No. 1 and 
Well No. 2 South of 
Jackson, Wyoming 

I had the opportunity to discuss the filing procedures for the 
above referenced water rights with Frank Trelease. Our conclusion 
is that the water rights should be filed by Surface Water 
procedures. Because of this, I am enclosing under separate cover 
the applications and the linen map you provided to us July 25, 
1989. 

If you have any questions concernih~ tiliM9 ~rocedures for 
these water rights, please contact Frank rrelease. 

Thank you for the opportunity to review your application 
materials prior to officially filing with this office. 

RGS:mlr 

cc:Frank Trelease 

Richard G. Stockdale 
Ground Water Geologist 



APPENDIX F 

WATER USE RATE STRUCTURE IN GRANGER 



RESOLUTION 1988-0_4 

WHEREAS on the 8th day of August, 1985, in a regular meeting of the Mayor 
and Town Council of Granger, Wyoming whereat a quorum of the council was 
present, Councilman Schuck did move to increase the water user fee by Five 
Dollars ($5.00) per user per month, effective on the 1st day of September, 1985, 
so that water user fees would then be Twenty Dollars ($20.00) per user per month 
and sewer fees remain Fifteen Dollars and Fifty Cents ($ 15.50) per user per month, and 

\VHEREAS the said motion was seconded by Councilwoman Banks and was 
passed by a subsequent unanimous vote of the council at the same meeting, and 

WHEREAS, no formal memorialization of said action of the council has 
ever been prepared, and 

\VHEREAS the present Town Council of Granger, Wyoming does wish to 
ratify and formally memorialize the action of the Granger Town Council which 
occurred on the 8th day of August, 1985, 

NO\V THEREFORE BE IT RESOt YEO, 

That the previous unanimous action of the Town Council of Granger, Wyoming 
taken on the 8th day of August, 1985 to increase water user fees by Five Dollars (55.00) 
per user per month effective on the 1 st day of September, 1985, so that water 
user fees would then be Twenty Dollars ($20.00) per user per month and sewer 
fees remain Fifteen Dollars and Fifty Cents ($15.50) per user per month, be, 
and it is hereby, ratified and approved by action of the Town Council of Granger, 
\Vyoming, and said water user fee schedule shall continue in full force and effect 
until further order of the Town Council of ~ranger, Wyoming. 

PASSED by unanimous vote this /1/ / !I day of August, 1988. 

COUl~cllmember Councilmember J 

'0-\1 ]()J('"-n; . .{5YI 
r:',ouncilmember 

Mayor 



APPENDIX F 

PUBLIC MEETING MINUTES 



TO: 

FROM: 

DATE: 

FILE: 

ARIX/VERSAR MEMORANDUM 

Mr. Patrick Erger, WWDC 
cc: All Attendees 

/.' j) 
Bob Lebeda L ,Ii, 

May 17, 1990 

89137.01 GC 

SUBJECT: Minutes of Public Meeting, May 15, 1990. 

I. A "Public Meeting", as required by the contract between ARIX 

and the Wyoming Water Development Commission (WWDC), was held in 

the Granger Town Hall on May 15, 1990 at 7:30 p.m. All those in 

attendance were introduced as they arrived. These include: 

Person 
George Zebre 
Patrick J. Erger 
Jon Jackson 
Dave Mortensen 
Rich Powell 
Bob Lebeda 
Martin Tyler 
Concha Lopez 
Ruth Krall 
Mariam Banks 
Robert Wright 
Donald R. Fultz 

Representing 
WWDC 
WWDC 
WWDC 
Little America 
Little America 
ARIX 
Mayor, Granger 
Clerk, Granger 
Clerk, Granger 
Council Person, Granger 
Council Person, Granger 
Amoco Production 

II. Mayor Tyler called the meeting to order and introduced Mr. 

Patrick Erger from the WWDC. Mr. Erger briefly indicated the 

WWDC role in the project and introduced Mr. Bob Lebeda of ARIX 

Corporation. 

III. Mr. Lebeda briefly outlined the scope of the project and 

continued with an oral presentation of the draft report. An 

outline of Mr. Lebeda's presentation is attached to this memo. 



May 17, 1990 
Page 2 

IV. A general discussion followed the formal presentation. Key 

items of the discussion are included here. 

Mayor Tyler asked to Mr. Lebeda to elaborate on the turbidity of 

the water. "Turbidity" is a measure of the amount of solids 

carried by the water. This typically increases substantially 

during the "run-off" season i.e. during the spring of the year. 

The use of a well field to take river water into the pipeline is 

expected to substantially reduce the amount of solids (and 

therefore the turbidity) of the water that is pumped to Granger. 

Mr. Dave Mortensen indicated that he understood the project 

benefits to the Town of Granger and to Little America. He asked 

"What is the 'down-side' for Little America." It was pointed out 

that the total impact of the project will have to be determined 

by Little America staff. Analysis of the economic impact of 

annexation of Little America by Granger is beyond the scope of 

the WWDC investigations. During the ensuing discussion, Mr. 

Erger and Mr. Jackson indicated that they have discussed 

alternatives to annexation of Little America by Granger. One 

possibility would be to organize some sort of joint powers board. 

Little details were available at the meeting, but Mr. Erger will 

investigate this issue and inform both Mayor Tyler and Mr. 

Mortensen. 

Mr. Fultz mentioned the use of cathodic protection and rectifiers 

to reduce corrosion of metal pipelines. It was pointed out that 

the recommendations of Chen-Northern include cathodic protection 

and that the final type of protection will be determined during 

the final design portion of the project. 

There being no further questions evident, the meeting adjourned 

at approximately 9:30 p.m. 



May 17, 1990 
Page 3 

Granger Water Supply Project 

WWDC Level II Study and Report 

Public Meeting 

May 15, 7:30 PM 

I. Study Overview and Objectives 

A. Phase I was completed last August. It addressed the 

following questions: 

1. How much water should pipe convey? 

a. population projections 

b. water rights 

c. selected pipe diameter: 8 inch 

2. Where should pipeline be built? 

a. ownership map 

b. route alternative chosen: alongside FMC 

(1) reduced risk of cultural feature damage 

(2) access road use 

(3) electrical service available 

(4) requires bores, river crossing 

3. Preliminary Cost Estimates 

B. Phase II 

1. Examine Various Alternatives 

2. Develop Conceptual Design 

3 . Develop detailed Cost Estimates 

4. Analyze impact of various Funding 

II. Alternatives 

Options 

A. Surface Water intakes, Key elements of design are: 

1. Site visits of existing facilities 

2. Location 

3. Johnson screen in river bottom (Describe) 

4. River pump Station 

5. Sedimentation Ponds 



May 17, 1990 
Page 4 

6. High Service Pump Station 

B. Well Field 

1. Location 

2. Large Diameter Wells (36" or more) 

3. Individual well Pumps, controlled from wetwell 

4. High Service Pump Station, controlled from 

treatment plant 

C. Pipeline Control 

1. Conventional Cable Controls 

a. Leased Telephone Lines 

b. Wire buried with pipe 

2. Radio 

III. Project Costs 

A. Intake System 

1. Surface Water $461,800 

2. Well Field $420,550 (Show Overhead 

Transparency of Appendix E, Table 2) 

3. Will be less if phased construction is used 

B. Pipeline and related appurtenances 

1. 100 gpm $2,930,000 

2. 500 gpm $2,935,000 (Show Overhead 

Transparency of Appendix E, Table 4) 

3. 925 gpm $3,095,000 

C. Sinking Funds, (Show Overhead Transparency of Appendix 

E, Table 9) 

D. Annual Maintenance Costs (Show Overhead Transparency of 

Appendix E, Table 7) 

IV. User Charge Impacts (Show Overhead Transparency of Table 7, 

User Charge Impacts) 

A. Current Rate Structure description 

1. Flat Rate, 25% differential for "Out of Town" 

2. Current rate structure equates to $1.49 per thou 

B. New rate required to support Project 

1. 100 gpm, Town only, $6.32/1000, or 4.24 times 
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present 

2. 500 gpm, Town + L.A. $1.72/1000 or 1.15 times 

present 

C. New rate structure required 

1. negotiate flat rate 

2. charge for actual water used 

v. Closure and Questions 
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