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I. INTRODUCTION 

1.1 Scope and Objectives 

On January 27, 1982, the Wyoming Water Development Commission (WWDC) 

contracted Simons, Li & Associates, Inc. (SLA) to perform a groundwater 

resources investigation for the town of Yoder, Wyoming. The specific purpose 

of the investigation was twofold and included (1) the collection of infor

mation on local major groundwater aquifers leading to an analysis of ground

water availability near Yoder and (2) the development of a potable groundwater 

supply for Yoder. Consequently, the objectives of the study were to: (1) 

identify and describe the local major groundwater acquifers, (2) determine the 

most suitable aquifer for present development to satisfy Yoder's current and 

projected needs, and (3) drill that aquifer to test for development of a 

potable water supply. 

SLA organized the groundwater investigation into a Phase I analysis of 

groundwater availability and a Phase II analysis which included the siting, 

drilling, and testing of groundwater wells. Phase I was conducted through an 

investigation of existing literature and by numerous visits to the study area. 

This phase included a comprehensive literature review, review of existing well 

logs, review and initiation of permitting procedures, geologic and hydrologic 

analysis, analysis of water requirements and the production of an interim 

report documenting the results of the Phase I analysis. A recommended well 

field location was presented to the WWDC and the town of Yoder prior to the 

initiation of the second phase of the study. Phase II began after approval of 

the recommended drilling program and included siting the water supply well, 

drilling the water supply well, analyzing the drilling data, pump testing the 

water supply well, analyzing the pump test data and documenting the results of 

the study in this final report. 

1.2 Study Area 

The town of Yoder lies in southern Goshen County in southeastern Wyoming. 

The town limits are within the boundary of Township 23 North, Range 62 West, 

Section 34, and generally located ten miles southwest of Torrington 

( Figure 1 • 1 ) • 

At the turn of the century, Yoder was a flourishing rural community 

spurred by the nationwide changes in agriculture. During the 1920's the town 

reached a population of approximately 300 people. Following the economic 
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depression of the 1930's, the population of Yoder decreased until 1960, 

leaving the town with 83 inhabitants. In recent years, a slow increase in 

growth was established, and by the 1980 census the town had grown to 110 

people. Latest estimates by the Mayor of Yoder indicate that 150 people now 

reside within the town limits. 

The climate of the area surrounding Yoder is characterized by low preci

pitation, a high rate of evaporation and a wide range of temperature. 

Precipitation over most of the area varies between 12 and 16 inches per year, 

with half of the annual precipitation falling during April, May and June. The 

summer rains, occurring largely as thunderstorms, are usually sporadic and 

unevenly distributed. For most of the area the average maximum and minimum 

temperatures for July, the warmest month of the year, are 88° F and 55° F, 

respectively. For the coldest month, January, the average maximum and minimum 

temperatures are 40° F and 10° F, respectively. The length of the growing 

season is generally about 150 days. 

1.3 Description and History of Existing System 

The population growth of the 1920's generated the need for a municipal 

water distribution system in Yoder. Prior to the completion of this system in 

1928, the inhabitants and local business of the town were supplied with water 

from numerous privately owned groundwater wells. The initial water supply 

system consisted of approximately 7,000 feet of four-inch and six-inch water 

mains and an elevated water storage tank with a 50,000 gallon capacity. 

Municipal water needs of the town were supplied from one groundwater well, 

Well 6, shown on Figure 1.2. Well 6 reportedly provided water at a constant 

rate of 15 gallons per minute. The municipal water supply also included water 

allocated to satisfy the community demand for fire fighting through a system 

of specifically located fire hydrants. 

Several years later a gradual increase in the average daily consumption 

necessitated the addition of another groundwater well to the water distribu

tion system. This well was located near the football field and remained in 

service until 1965, when surface water intrusion contaminated the well. In 

1965 and 1967, two new wells were drilled to supplement the system. One of 

these wells, Well 3, was drilled to a depth of 120 feet and provided water at 

a constant rate of 35 gallons per minute. Both wells were abandoned in the 
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early 1970's due to poor water quality resulting from surface water con

tamination. During that time, the water distribution network was expanded 

with the addition of 800 feet of two-inch PVC near the northeast corner of 

town. Shortly thereafter the town officials of Yoder implemented a program 

designed to meet the increasing water demand. This program called for 

drilling three additional wells and the utilization of an existing well. 

Wells 4, 7, and 76, and the railroad well drilled in 1940, were incorporated 

into the water distribution network. In the fall of 1980 an additional water 

demand was created with the installation of a municipal sanitary sewer system. 

The sewer system consisted of sewer mains, pumps, and a two-cell, six-acre 

lagoon located northeast of the town limits. The lagoon, which can accom

modate the waste disposal of approximately 500 people, is lined with ben

tonite and riprapped on the sidewalls for protection against erosion due to 

wind-generated waves. Additional water mains were connected to the existing 

water distribution network in the summer of 1981 to accommodate an increase in 

demand generated by the addition of family dwellings on the west side of town. 

All of the new water mains are six inches in diameter, as required by the 

Wyoming Department of Environmental Quality for satisfying the comrrunity fire 

demand. 

Presently the town of Yoder has an average daily consumption of approxi

mately 20,000 gallons in the winter and 40,000 gallons in the summer. 

Until the fall of 1981 the water demand was satisfied by operating wells 4, 6, 

7, 76, and the railroad well. Several complaints of odorous water by resi

dents living in the northeast section of Yoder resulted in terminating the 

operation of Well 7. Likewise, surface water contamination led to abandoning 

Well 4 in February, 1982. Of the wells currently operating, Well 76 provides 

water at 12 gallons per minute but begins to surge after three hours of con

tinuous use. Consequently, Well 76 is being operated on a timed schedule; one 

hour of operation followed by one hour during which it is inoperative. Well 

6, the original town well, supplies water at 12 gallons per minute but begins 

to surge after six hours of continuous operation. For that reason it is 

manually switched on and off and operates approximately ten hours each day. 

The railroad well pumps water into the system at a rate of 18 gallons per 

minute. During field investigations this well also began to surge after pro

longed pumping {approximately 12 hours). Reports from the town water com

missioner indicate that the quality of the water from the railroad well is 
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affected by the background salinity of the bedrock layers in which it was 

drilled. However, significant improvements in the water quality have been 

noticed when the railroad well is operated on a regular basis. It should also 

be noted that the railroad well is currently owned by Upland Industries and 

leased to the town of Yoder for $75 per year. During the winter months, the 

railroad well is operated continuously for 24 hours, followed by ten hours 

during which it is inoperative. This schedule, combined with the schedules 

for Wells 6 and 76, fills the water storage tank in the winter months. For 

the higher water demand expected during the summer months, the railroad well 

will be operated as much as possible. The combined yield from all existing 

wells is approximately 20 gpm. 

All municipal wells pump water directly into the water mains via 1V2-inch 

metal pipelines. Due to the age of the water distribution network, it is 

plagued by high maintenance costs and a slow deterioration of water quality. 

Also, inspection of some of the old pipe by SLA personnel indicated that up to 

30 percent of the observed water usage may be due to leaks in the distribution 

system itself. After reviewing the present system, the Wyoming Department of 

Environmental Quality indicated to the town officials that new water mains are 

needed. The new water mains would all be six inches in diameter and would 

replace the four- and six-inch mains installed in the original water supply 

system, as well as the two-inch lines added in the early 1970's. 

Most of the rural residents obtain their domestic and stock water 

supplies from wells of small diameter equipped with pumps of different types. 

The discharge for use as domestic and stock water ranges froin two to 25 

gallons per minute. Electrically powered turbine and centrifugal pumps are 

used to pump groundwater for irrigation utilization. The quantities of water 

pumped for irrigation use vary from 75 to 1,000 gallons per minute. Most of 

these high-quantity wells tap surface sources, such as stream alluvium, near 

canals or reservoirs. 

1. 4 Requirement for New Supply 

Analysis of the existing water supply system has revealed that additional 

supplies are needed to satisfy the immediate and future water requirements for 

Yoder. The present water supply problem has largely resulted from recent 

population growth and progress associated with this growth. Since the 1980 

census, the population of Yoder increased 35 percent and one new business 
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started operating. Many new and old residents have planted lawns or are 

planning to plant lawns on their property. This factor, as well as an 

increase in large vegetable gardens, has induced increases in average daily 

consumption per water user during the growing season. Furthermore, the 

recent sewer system can potentially increase the current water demand by 30 

percent. Although this is not the case at present, the town officials 

believe that more water will be consumed as residents become more familiar 

with the functional nature of the sewer system. 

The water supply problem is further complicated by the quality of the 

water within the Yoder area. As indicated in Section 1.3, numerous wells have 

been abandoned due to contamination from near-surface aquifers. There are 

also indications that many wells originating in the Lance aquifer have unu

sally high concentrations of total dissolved solids. To a large extent, water 

· quality is a greater problem in this area than water quantity. 

During the last couple of years the residents of Yoder have been aware of 

the water supply problem. They have cooperated in prolonging the life of the 

present water supply by minimizing their normal usage of water. Therefore, it 

is conceivable that an increase in the water supply could spur an additional 

increase in water demand per water user. Preliminary calculations indicate 

that for the winter months, the water consumption rate is 14 gpm, which 

increases to 28 gpm during the summer. Based on these findings and the pro

jected increase in water demands, the new supply system should provide water 

at a rate of 35 to 40 gallons per minute. 
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II. GEOLOGIC HISTORY 

The Yoder study area lies within the Goshen Hole Lowland in the Denver

Julesberg Basin, an intermontane structural basin in the western High Plains 

section of the Great Plains physiographic province. The Goshen Hole Proper is 

the southern portion of the Lowland and is characterized by sweeping pediment 

surfaces drained by Cherry Creek and Horse Creek which are tributaries of the 

North Platte River (Figure 2.1). 

Stratigraphically, the basin is composed of over 12,000 feet of marine 

and nonmarine sedimentary rocks ranging in age from Cambrian to Recent and 

overlying the Precambrian basement rock. The geology of the immediate vicin

ity around Yoder is illustrated in Figure 2.2 and described in detail in the 

report by Simons, Li & Associates, Inc. entitled "Yoder Groundwater Resources 

Investigation and Development: Interim Report" {hereafter referred to as the 

interim report). Lithologic characteristics of the Lance and Chadron 

Formations are of hydrogeologic interest are summarized in Table 2.1 and 

described below. 

The Lance Formation is characterized by carbonaceous materials, shales 

and siltstones within the lower section, and variegated sandstones and shales 

within the upper part. The extreme upper part is predominantly claystone 

which has been incised by streams active when the Chadron Formation was depos

ited. Platey clays, shales, and sandstone mark the upper boundary of the 

Lance Formation, as illustrated by schematic and detailed stratigraphic cross 

sections in Appendices A and B. The Lance overlies the Fox Hills sandstone at 

an elevation of 3,200 feet mean sea level (msl) {approximately 1,000 feet 

below Yoder) • 

The Chadron Formation, overlying the Lance, is composed of two units; the 

lower unit is known as the Yoder unit because it crops out extensively in the 

study area (Figure 2.2). It is composed of sinuous channel deposits of sand 

and gravel, grading to beds of clay and silt. This unit appears to have been 

deposited in a paleo-valley thickening in a downstream (northeast) direction 

(Appendix B}. The red sands, clays, and gravel in this unit form the lower 

boundary, separating it from the sandstones and platey clay of the Lance 

Formation. More detailed descriptions of the irregularly eroded boundary be

tween these formations are given in well logs in Chapter VI. 



I 

I 
I 

I 
I 

I 
I 

I 
I 

I 

I 

I 
I 

I 

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

2.2 

I 10 ') 10 20MilH 

/ Eos:::E3:1:0::::~0~~~~~1 o~!:::z=oK=,,=om=.~,.· rs 

t 
I r--.----r--- .;- _ ~a_c~u~ __ 

Ga111en County 

TORRINGTON . 
Yoder Study 

GOSHEN Area -
Ei 

HOLE 

--------7"1 _ __.. ___________ _:::._ _____ _J _41• 
105• 

Figure 2 .1. Location map of the study area 
within the Denver-Julesburg 
basin (from Libra et al., 1981). 



Veteran r:i 
Tc 

Loramie 

/.~::::::~, 

Tc ,<(: ~: ~: ~: ~: ~: ~: >\ 
.> .. :t/DT:.::•·.:.:•::.:.:::::.:::.•J 
:::::::::::::::::::::::::::::::::::::::::::::::::::::::/ 
: . : . : . : . :-: . : . : . : . : . : . : . : . : . : . : . : . : . : . : . : . : . : . : . : . : . :I 

.. : . : . : . : . : . : . : . : . : . : . : . : . : . : . : . : . : . : . : . : . : . : . : . : . : . :/ 

:>:! !iJtt;:;;;:;: j \ t :if DY 
:::::::::::::::::::::::::::::::::('·/ 
·.·.·.·.·.·.·.·.·.·.·.·. ·.·.·.·.·, ~ 

: ::;: ::::;,,,l/ 
:<:<:<:.>-,... Tc 
:- :- :- :-:;/ 
·:-:-:-:-\ 
:-:-:-:-\ 
:-:-:-:-:\ 
<·>>>~' 
~:>·' 

0 
SCALE 

miles 

2.3 

Goshen~ 
Reser'f'oir ~ 

r2 
C?ump 

3 

Sullivan 
Reservoir 

~ 

~ / 

~ 
D 
D . 

Ta 

Tb 

Tc 

Kl 

Tc 

A' 

Arikaree Formation 

Brule Formation 

Chadron Formation 

Lance Formation 

Location of cross sectional prof ilea 

Tc 

( 
\. 
\ 

Figure 2.2. Geology of the Yoder area and delineation of 
geologic cross sections (from Rapp et al., 
1957) (see Appendices A and B). 



2.4 

Table 2.1. Lithologic Characteristics of Tertiary and Quaternary Rock 
Units {Rapp et al., 1957 and Libra et al., 1981). 

System Series 

Quaternary Recent 

and 

Pleistocene 

Tertiary Oligocene 

Oligocene 

Geologic 
Unit 

Alluvial 
flood plain 
and terrace 
deposits 

White River 
Group 

Brule 
Formation 

Brule 
Formation 

Chadron 
Formation 

Thickness 
{ft) 

0-200 

0-620 

0-420 

0-200 

0-150 

Lithologic 
Characteristics 

Fine sands, silts, and clays, to 
poorly sorted coarse sands and 
gravels, cobbles and boulders 
locally. 

Sand, gravel, cobbles, and 
boulders, contain some lenses 
of clay, silt, and fine sands. 

Upper Unit: 
Moderately well consolidated 
silt and very fine sand; relati
vely uniform; interbedded 
conglomeratic lenses 

Lower Unit: 
Argillaceous siltstone with 
channel deposits of sand and 
sandstone; localized beds of 
limestone; moderately thick 
beds of clay and a few beds of 
volcanic ash; Channel sands are 
as much as 20 feet thick 
occurring about 20 
feet above the base. Laterally 
these channel sands grade into 
massive siltstone. 

Upper Unit 
Bentonitic, loosely to moder
ately cemented clay and silt; 
Contains channel deposits of 
sandstone and conglomerate near 
the top; some lenticular 
limestone and ash beds. 



2.5 

Table 2.1. Lithologic Characteristics of Tertiary and Quaternary Rock 
Units (Rapp et al., 1957 and Libra et al., 1981) continued. 

System 

Cretaceous 

Series 
Geologic 

Unit 

Upper Lance 
Cretaceous Formation 

Fox Hills 
Sandstone 

Thickness 
(ft) 

0-95 

0-1500 
300 

Lithologic 
Characteristics 

Lower Unit 
Variegated fluviatile deposits; 
clay to coarse gravel; reddish 
color with green-blue and buff 
colored conglomerate and beds of 
sand and silt near the top. 

Upper Unit 
Thick sequence of sandstone with 
iron concretions and shale; 
extreme upper part is platey 
clay with lenticular sandstone. 

1100 Lower Unit 

0-550 

Thick, sequence of carbonaceous 
shale, siltstone and sandstone. 

Medium-grained silty sandstone 
interbedded with shale. 
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The upper unit of the Chadron consists mainly of loosely to moderately 

consolidated bentonitic clay. The upper part is sandy in places where channel 

deposits occur, and these grade into silts mixed with volcanic ash (sometimes 

recognized as a gray or white clay). Light pink, granular limestone and clay 

pebbles occur near the base of this unit. 
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III. HYDROGEOLOGIC SETTING 

3 .1 Regional Groundwater Table 

The Hydrogeologic units of particular interest within the study area in 

the Goshen Hole Lowland are the Chadron and Lance Formations {Figure 2.2}. 

Both formations yield small quantities of water to several domestic and stock 

wells in central Goshen County. Well logs in this region obtained from the 

Wyoming State Engineer's Office were used to delineate a contour map of the 

shallow groundwater surface (piezometric map} illustrated in Figure 3.1. 

Frequently, a natural local variability in water levels was noted, especially 

in the near surf ace Chadron Formation due to all of the clay lenses and con

fined aquifer lenses in the study area. Thus when wells of close proximity 

showed inconsistent water levels, the well loss for these wells was scruti

nized to identify the well or wells which truly indicated the shallow aquifer 

water elevation. Contour maps of water tables together with the flow lines 

were useful data for locating wells and areas of favorable permeability. 

3. 2 Groundwater Recharge 

Generally speaking, the main source of groundwater recharge is precipita

tion, which may penetrate the soil directly to the groundwater or may enter 

surface streams and percolate from these channels to the groundwater. 

However, a large amount of precipitation is intercepted (e.g. vegetation}, 

stored in depressions, or held within the soil profile, which delays or 

reduces the actual amount of water percolating down to the groundwater table. 

Groundwater recharge is an intermittent and irregular process, and only pro

longed periods of heavy precipitation supply large quantities of water as 

groundwater recharge. 

The groundwater recharge mechanisms which are present in the Yoder area 

are (in order of importance}: precipitation, reservoirs and canals. These 

mechanisms all recharge water to the near surface (Chadron} aquifer system. 

Due to the lenses of clays and shales, it is unlikely that these surface 

recharge mechanisms directly recharge the aquifer below approximately 50 feet. 

What this means is that the water which is found below 50 feet is most likely 

transported from nearer surface groundwater sources which directly receive 

recharge from surface mechanisms. 

The specific groundwater recharge sources for the near surface aquifer at 

Yoder are (in decreasing order of importance): precipitation, the Fort 
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Laramie Canal and the sewage lagoons. Estimates of the quantities of water 

recharged by these sources may be found in Section 3.4 of the interim report. 
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IV. PHYSICAL AND HYDROLOGIC PROPERTIES 

4.1 General 

During Phase I, general physical and hydrologic properties of the local 

and regional water resources were used to characterize and identify hydro

geologic conditions and groundwater movement. The results of the physical and 

hydrologic properties of the water-bearing formation near the Yoder area 

investigated by Rapp, Visher and Littleton (1957) were used in this study to 

determine the groundwater movement phenomenon. In addition, a recovery test 

of the Railroad Well was conducted to help identify aquifer characteristics of 

the deep Lance aquifer. 

The outcome of the Phase I analysis determined that an adequate supply of 

water is available; equally important, though, is that water quality is margi

nal. It also identified three distinct groundwater regimes beneath the town 

of Yoder: the near-surface, unconfined system (Chadron); the middle confined 

system (Upper Lance}; and the deep confined system {Lance). The upper aquifer 

yields highly variable quantities of water due to variable aquifer transmissi

vities. The confined Lance aquifers also produce variable quantities of 

water, but the extent of recharge for this aquifer is unknown. 

In the Phase II investigation, a municipal water supply was developed. 

This effort also included a more detailed analysis of the characteristics of 

the developed aquifer identified in the Phase I analysis. 

4.2 Phase I Estimates of Local Groundwater Parameters 

The general physical and hydrologic properties of the Chadron and Lance 

Formations near Yoder are presented in Table 4.1. These values were used as 

baseline estimates in the calibration procedure of aquifer hydraulic parame

ters. Pertinent pump test data from the municipal wells were also used. 

Calibrated parameter values were obtained using the nonequilibrium (Theis} 

equation of groundwater flow and physical well characteristics. The values of 

transmissivity and the computed values of permeability resulting from the 

calibration procedure are found in Table 4.2. A recovery test of the Railroad 

Well was conducted to obtain aquifer charcteristics of the deep Lance aquifer. 

The estimate of aquifer transmissivity was 5 sq. ft./day. 



Location 
of Well 

22-61-10 
NW-SW 

23-61-31 
SW-SE 

23-62-1 
NW-NW-1 

23-62-1 
NW-NW-2 

23-62-1 
NW-NW-3 

23-62-29 
SE-SW-1 

23-62-29 
SE-SW-2 

4.2 

Table 4.1. Physical and Hydrologic Properties of the Geologic 
Formation near Yoder {from Rapp, Visher and 
Littleton, 1957). 

Specific 
Geologic Type of Porosity Retention Specific *Permeability 
Formation Material % {%) Yield (%) gpd/ft2 

Lance Siltstone 7.4 N 

Lance Sandstone 8.8 

Chadron Siltstone 45.5 43.2 2.3 N 

Chadron Siltstone 46.6 44.8 1.8 N 

Chadron Siltstone 41. 8 

Chadron Sandstone 10.6 8.1 2.5 N 

Chadron Sandstone 15.8 11.5 4.3 335 

* Coeff icent of Permeability: N, negligible value 
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Table 4.2. Results of Nonequilibrium Analyses for 
Well 76*. 

Year 
Properties 1976 1982 

Discharge (gpm) 20 12 

Duration {hrs) 3 3 

Drawdown (ft) 25 25 

Specific capacity 
(gpm/ft) 0.8 0.48 

Maximum radius of 
influence {ft) 100 80 

Permeability 
{ gpd/ft2) 32.5 18.0 

Transmissivity 
{ gpd/ft) 815 450 

Storage 
Coefficient 0.02 0.02 

*Well 7 was not included since both the drawdown 
and saturated thickness values were approximated. 



V. WATER QUALITY 

5.1 General 

5.1 

Although the municipal wells together produced an adequate quantity of 

water, 60 gpm, they were abandoned due to near-surface aquifer contamination 

and poor water quality. Therefore, serious consideration was given to water 

quality in selecting the most attractive water supply alternative. 

Characteristics of the present supply system are discussed below and alter

natives for developing an auxiliary or new system are discussed in Chapter VI. 

For a complete discussion of the regional water quality, refer to Section 6.1 

of the interim report. 

5.2 Municipal Supply Wells 

Water quality samples from Wells 76, 6, 7, the railroad (RR) well, and 

a Yoder resident (Mrs. Yeik, located east of Well 7) were collected by SLA 

staff (Figure 1.2). Results of the analyses by the Wyoming Department of 

Agriculture are included in Appendix c. Earlier water quality tests given in 

the interim report indicated unacceptable concentrations of cadmium, albeit 

the more recent tests resulted in undetectable levels of cadmium. Of the 

existing municipal supply wells, only three are currently providing water that 

can be considered potable. These three wells are the RR Well, Well 6 and Well 

76. A summary of the major chemical constituents of interest for Wells 76, 6, 

RR and the Yeik tapwater is presented in Table 5 .1. Note the similarity bet

ween the tapwater and the RR well, which is one of the major water sources for 

the municipal system. The high fluoride levels and moderate TDS levels in the 

RR well are reflected in the local tapwater. This is because the RR Well 

feeds directly into the distribution system near the location of the residen

tial tap. The high sodium bicarbonate concentrations in Wells 76 and 6 

reflect the locally hard water, and also are characteristic of a groundwater 

discharge area. A groundwater discharge area is characterized by salts which 

accumulate in geologic and soil material following the evapotranspiration of 

infiltrated rainfall, with sodium being the dominant cation. In general, the 

water throughout the system borders the upper llinit for pH. overall, the 

quality of the water in the present water supply is considered marginally 

acceptable. 
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Table 5.1. Water Qualfty of Selected Wei ts. 

Chemical Constituents 

Major Cations/Anions (ppm) 
pH ms Cppm) 

Na+ c1- HC0-3 F 

Wei I 76 580 240 310 1 • 1 8.5 1760 

Wei I 6 480 130 490 1 .6 8.6 1350 

RR Wei I 340 3.3 860 3.6 9.4 812 

Yeik Tapwater 320 3.3 740 2.5 8.7 812 

Standards 6-110* 250** 1.4- 5.5- 0-500Cgood 
2.4*** 8.5** 501-BOOCfair 

801-lOOOCpoor 

*Maximum level for people with heart trouble or on a low sodium diet 
**Secondary Drinking Water Standard 

***Dependlng on temperature 

er ink l ng water> 
cri nk i ng water> 
drinking water) 
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VI. WATER SUPPLY DEVELOPMENT ALTERNATIVES 

6.1 Introduction 

Evaluations of the available data and discussions with Yoder city offi

cials resulted in the definition of six water supply alternatives. A listing 

of these alternatives is as follows: 

Alternative 1: Rejuvenate, finish and test the existing railroad well. 

Alternative 2: Dr ill, finish and test a new well to the same Lance 
aquifer as the existing railroad well. 

Alternative 3: Drill, finish and test a new well in the Chadron aquifer 
near to Well No. 3 in Yoder City Park. 

Alternative 4: Drill, finish and test a well in the Arikaree aquifer 
near the Goshen Hole Rim. 

Alternative 5: Purchase water from Torrington and pump it south to 
Yoder. 

Alternative 6: Drill, finish and test two wells in the Chadron formation 
southwest of town. 

Alternative 2 was selected by the WWDC and the town representatives as 

the most feasible approach since the well would be owned by the town and the 

water quality and quantity were both considered favorable. At the time of 

this decision it was estimated that there was only a 6 0 percent chance of 

hitting any water in the Lance. The following sections describe the drilling 

procedure, well conpletion and development, and pump test results. 

6.2 Test Hole Drilling and Logging 

Two test holes were drilled to supply preliminary information on the 

occurrence, capacity and potability of water-bearing zones underlying Yoder. 

Results of drilling and logging provided information for the design and 

corrpletion of the production well. These test holes are located near town 

Well 7 and the railroad well (Figure 6. 1). Geologic samples were taken at 

ten-foot intervals or at lithologic changes in strata, well log descriptions 

were made in the field, and later samples of geologic material and groundwater 

were taken to the laboratory and analyzed. Water quality samples were 

collected and discharge rates were measured (air lift tests) from major water

bearing units to monitor hydrologic changes with depth. 
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Figure 6.1. Detailed map of the Town of Yoder and the well network. 

Numbers are the numbering system for the wells which 
is used by the town officials. 
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On May 13, 1982, Test Hole Number 1 (TH# 1) was drilled to a depth of 12 O 

feet. Uniform, white sand was encountered in the interval from about 6 0 feet 

to 12 0 feet. The well was producing in excess of 7 0 gpm in this interval. 

Unfortunately, the water quality was quite poor - the electrical conductivity 

of the water was about 4, 120 µmhos/cm, indicating a TDS level of about 3, 000 

ppm. The test hole was caving very badly at a depth of about 120 feet making 

it impossible to set casing and drill deeper. Due to the drilling problem, 

TH# 1 was abandoned and another test hole (TH#2) was drilled north of the 

railroad tracks near the RR Well (Figure 6.1). Initially this hole was 

drilled to a depth of 9 0 feet and 6 inch casing placed in the hole to seal out 

surface water of questionable quality. The hole was then drilled to a depth 

of 6 00 feet using a 6 inch bit. 

Detailed geologic logs of these two test holes are given in Appendices D 

and E. A more general well log of the 6 00-f oot hole which was subsequently 

enlarged (reamed) and developed as the new municipal water supply is given in 

Table 6. 1. This log and the more detailed format in Appendix E are used to 

define the Chadron-Lance boundary as indicated in Appendices A the B. Here, 

the upper boundary of the Lance is at 1 08 feet and characterized by fractured 

fissile shales with interbedded shaley mudstone. A yellow compact gray and 

red clay lies above this unit (Appendix E) at 1 00 feet. This unit may be 

equivalent to the "paleosol" which is defined by the U.S. Geological Survey as 

the boundary between the Chadron and Lance formations in this region of 

Wyoming. 

Comparison of the log for TH#2 with the 6 00-f oot well log (RR Well log) 

in Appendices A and B indicates that the lithologic units do not always 

correspond laterally. This is reasonable considering the following con

ditions. First the well log on the cross section represents the railroad well 

log except for the upper 75 feet, which is a synthesis of several shallow 

wells in the area. This well was drilled 42 years ago with a cable drill. 

The log descriptions are probably generalized and influenced by caved material 

because the well was not properly cased to keep unconsolidated material from 

collapsing into the well hole. Also the physical condition and therefore the 

drill log descriptions of samples are slightly different, depending on 

moisture conditions, compared to air rotary samples. In addition to these 

considerations, the wells are approximately 3 00 feet apart and hence the len

ticular deltaic and fluvial deposits encountered at one site can "taper out" 
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Table 6.1. Summary of Geologic Log of Yoder Test Hole 2. See Appendix B 
for Detailed Description. 

Location: Town site, 220 feet east, 110 feet north of railroad well 
Grotmd Elevation: 4248 feet (approximate} 
Depth: 600 feet 
Drill Type: Air rotary - 61/4 inch tricone bit 

Description 

Loamy soil and loamy clayey subsoil, brown 
Sand with gravel and mud, yellow-brown (water} 
Mud, sandstone, sandy mud, clayey mud, red 
Clay with muddy clay, red-gray 
Clay, light gray 
Clay, red-brown 
Sand, gray-green (water} 
Muddy sand and sandy mud, with clay, yellow-gray-red 
Clay, red, with sand, blue-gray 
Clay and mud, yellow, with sand, gray 
Shale, gray-red 
Mudstone, sandy mud with coal, gray-black 
Sand with mudstone, gray (water} 
Sandy gray shale and mud.stone, black 
Shale, brown and gray 
Limestone, gray 
Sandy mudstone, green-gray 
Coal with shale, black 
Shale and mudstone, gray-brown 
Limestone, gray-black 

Thickness 
(ft} 

10 
16 
14 

9 
3 
6 
2 

(water} 28 
8 

12 
9 
6 

21 
9 

42 
1 

21 
3 

25 
1 

Shale and mudstone, gray-brown with limestone and sandstone, 
brown 

Shale and muddy shale, black 
Sandy mudstone with sand, gray-green 
Shale and mudstone with limestone, gray-black 
Sand, muddy sand, green-gray (water?} 
Mud.stone, shaley mudstone, gray-brown (water} 
Shale, blue-brown, with coal, brown-black 
Mudstone, gray 
Shale, with limestone, gray 
Shale, black, and shale and mudstone, gray-blue 
Mudstone, gray with sandstone, brown 
Limestone, gray-green 
Sand, gray-green 
Shale and mudstone, gray 

29 
35 

8 
19 
39 
19 

5 
30 

5 
20 

5 
2 
8 

20 

Depth 
(ft} 

10 
26 
40 
49 
52 
58 
60 
88 
96 

108 
117 
123 
144 
153 
195 
196 
217 
220 
245 
246 

275 
310 
318 
337 
376 
396 
400 
430 
435 
455 
460 
462 
470 
490 
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Table 6.1 (continued) 

Description 

Shale, black, with mudstone and sandstone, brown 
Shale, black with limestone 
Shale and mudstone, gray 
Sand, gray (water) 
Shale, black 
Mudstone and shale, gray-black 
Sand, gray (water) 
Sandy mudstone with shale, gray 
Sand, gray (water) 
Shale, black 

Thickness Depth 
(ft) (ft) 

22 512 
4 516 

31 547 
11 558 

2 560 
18 578 

2 580 
8 588 

12 600 
600+ 
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within very soort distances {compare Appendices D and E). These conditions 

result in actual and/or "recorded" differences in geologic units within very 

short distances. 

Approximate discharge rates and water quality of selected water-bearing 

zones from the twu test wells are given in Table 6.2. The two major confined 

water-bearing zones are at 385+ feet and at 547+ feet. By evaluating the 

discharge data and taking into consideration the effect of casing upon actual 

discharge measurements, the aquifers in Test Hole 2 were grouped into three 

water-bearing zones. These zones and their potential discharge yields are 

described in Table 6.3. Values of total dissolved solids (TDS) were calcu

lated based on the relation between TDS and electrical conductivity {EC) 

values measured in the RR wel 1 (Appendix c) • 

The near-surface aquifers generally contain high levels of TDS {1,620 

ppm) and typically become saltier in time. Also near-surface waters are more 

subject to surface water contamination and therefore were not considered to be 

a potable or reliable water supply. 

The second zone from 385 to 420 feet contains good quality water and the 

TDS is about 980 ppm {weighted average). The discharge rate from "blowing" 

the drill hole is about 23 gpm and it was estimated that development could 

yield from one to three times this amount. An important consideration in 

developing this zone is that the black carbonaceous shales above and below 

this zore would require careful well corrpletion to inhibit oil and gas 

contamination. 

The lower zone from 547 to 600 feet also has good quality water with a 

slightly higher TDS about 1, 2 80 ppm. The discharge rate averaged about 32 gpm 

and again development could yield from one to three times this amount. This 

zone also contains black oily shales and a high potential exists for oil and 

gas contamination if this zone is developed. When this zone was drilled, a 

noticeable increase in oil occurred when blowing the water out of the hole. 

Consequently, the second zone was chosen as the aquifer to develop. This 

zone has an adequate discharge to meet the needs of the town 9 0 percent of the 

time, good quality water, no danger of surface water contamination if properly 

finished, and was less expensive to develop compared to the deeper zone. 
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Table 6.2. Discharge and Water Quality Data from Yoder Test Holes. 

Probable Q TO EC 
Depth Contributing Zone(s) gpm co µmhos/cm pH 

TEST HOLE 1 

80 60- 80 25 11. 0 3450 8.9 
120 60-120 60-70 11. 0 4120 a.1 

TEST HOLE 2 
(cased to 93 feet) 

140 130-140 19 14.5 2730 a.2 

420 130-140; 
3 85-420 43 11. 0 2130 a.1 

560 130-140; 
3 85-420; 
54 7-558 60 12. 1 2700 a.2 

580 130-140; 
3 85-420; 
54 7-558 
5 78-580 75 11. 8 1840 a.a 

600 130-140 
3 85-420 i 
547-558 
5 78-600 75 12. 5 1760 a.1 
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Table 6.3. Discharge and Water Quality Data of Selected 
Water-Bearing Zones in Test Hole 2. 

Discharge 
(Average) EC* 

Depth (gpm) (µrnhos/cm) 

0-140 loose brown-red so 2, 7 30 
sand with mud 

3 85-420 sandy gray mud- 23 1,655 
stone with in-
terbedded gray-
green sandstone, 
black-blue 
shale and coal 

547-600 gray-black sandy 32 2,155 
muds tone/shale 
with interbedded 
gray sandstone 
and limestone 

*weighted average based on average discharge rate 
for each zone 

TDS* 
(ppm) 

1,620 

980 

1, 2 80 

pH* 

a.2 

8.8 

8.6 
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6.3 Production Well Conpletion 

Completion of the Yoder production well began on July 2 8, 1982, by 

enlarging TH# 2 using an air rotary drilling rig. A completion schematic of 

the Yoder production well is presented in Figure 6. 2. Initially the hole was 

drilled to a depth of 125 feet with a 14-7/8 inch tricone bit for placement of 

the surface casing. Next, approximately 128 feet of 12-7/8 inch I.D., 0.188 

inch wall thickness steel surface casing was set to a depth of approximately 

125 feet, and sealed to 125 feet with a cement-water grout poured down the 

annulus. 

A 12-1/4 inch tricone bit was used to drill to a depth of approximately 

335 feet. Steel casing with an inside diameter of 1 0-3/8 inches and a wall 

thickness of 0.88 inch was set from the surface to a depth of about 335 feet. 

This casing was sealed in place with a cement-water grout from the ground sur

f ace to a depth of 3 35 feet. 

A 1 0 inch tricone bit was used to drill to the completion depth of 

approximately 420 feet. During this phase of the drilling, additional air 

lift tests were conducted and water quality measurements were obtained. The 

results of these tests are presented in Table 6.4. Note that all water 

quality measurements represent the mixture of water down the hole and not 

necessarily the water quality of any one zone. Twenty feet of 6 inch, 2 0 slot 

Johnson Stainless Steel well screen was set from 400 to 420 feet. Nominal 6 

inch diameter ( 5. 7 48 inch I .D., SDR 17) ABS well casing was used as the liner 

casing connecting the screen to the surface. 

The 16/30 gravel pack (effective size and uniformity coefficient of Q.62 

mm and 1. 45, respectively) was placed around the screen and up to approxima

tely 2 0 feet above the screen by introducing the gravel pack into the well 

annulus with the addition of clean, chlorinated water. Pea. gravel of 3/8 

inch size was used as fill between the gravel pack and the bentonite annulus 

seal. The pea gravel serves as a base for the seal and stabilizes the ABS 

casing and surrounding strata. The 3/8 inch gravel fill material was employed 

instead of a packer because it provides a more positive method of protecting 

the gravel pack from contamination. The gravel fill was brought up into the 

lower portions of the steel liner casing so that the bentonite seal could be 

placed in the liner casing. Bentonite was used instead of cement to provide a 

flexible low permeability seal since placement of pumps or equipnent in the 

well may move the ABS casing and flex the seal. 
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Table 6.4. Results of Air Lift Tests Performed During 
Well Construction. 

Flow 
Depth Rate Temperature EC 
(ft.) (gpm) (C) (µmhos/cm) pH 

340 27.9 22. 2 1, 3 30 a.a 
3ao 30.0 22.0 1,350 9.0 
390 23.1 1 a. 7 1,4 70 9.3 
400 37.5 21. 0 1,4 70 9.1 
420 20.0 20. 0 1,320 9.0 
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Well development was achieved by surging the well with air. Development 

was continued until the samples were free of sand and silt. After completion 

and development, an additional air lift test was performed and water quality 

parameters were measured. The well produced about 20 gpm and the temperature 

of the water was 16.7 degrees centigrade with an EC of 1397 µrnhos/cm and a pH 

of 8.6. These values were all measured on-site. 

6.4 Pump Test Results 

A pumping test was performed on the production well during the period 

August 24 through August 27, 1982. The pump employed, a Grundfos SP10-25 sub

mersible, is capable of supplying 50 gpm against a total head of about 400 

feet. Discharge was regulated by placing a valve in the discharge line. The 

pump was set to a depth of about 405 feet below ground surface on the evening 

of August 24 and the discharge lines were filled. The pump test was initiated 

at 8:09 a.m. on August 25 and pumping continued for a period of 49 hours. 

During the pumping test, discharge was measured using a totalizing flow meter 

and the well was pumped at five different rates. Total drawdown measured in 

the production well was approximately 342 feet. Upon cessation of pumping, 

recovery water levels were monitored until the production well had recovered 

to 98 percent of the static water level. All data obtained during the pumping 

test is presented in Appendix F of this report. 

It was originally planned to use the RR Well as an observation well 

during the test. However, the city engineer indicated that the city would 

need to use the well during this time so measurements were not made during the 

first 26 hours of the test. Since static water level was not determined and 

because the amount of drawdown obtained prior to 26 hours was not known, the 

data from this well could not be used in interpreting the test results. It 

should be noted, however, that 4.18 feet of drawdown was observed in this well 

during the final 24 hours of the pump test. 

Because the rate at which the production well could safely produce was 

unknown prior to the performance qf the pumping test, a step drawdown test was 

conducted. A step drawdown test in which the well is pumped at several dif

ferent rates is the standard method for empirically determining the rela

tionship between drawdown in the well and discharge. No physical significance 

need be assigned to the parameters of the correlation between drawdown and 

discharge if estimation of water level at various discharges is the sole pur

pose for establishing the relationship. A total of five pumping rates were 
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utilized in the step-drawda.-;n test and the pumped well was allowed to reach 

near equilibrium. conditions at each pumping rate before increasing the 

discharge. A plot of drawdown as a function of time at the various pumping 

rates is presented in Figure 6.3. As these data indicate, a large amount of 

drawdown was observed for relatively small changes in discharge. It should be 

noted that the scatter observed in the data was due mainly to the inability to 

hold discharge constant. Because of the pump characteristics at relatively 

low flow rates, a small change in drawdown caused the discharge to decrease. 

Al though the test team made many valve adjustments, it was not possible to 

hold discharge at a constant level. 

Table 6.5 contains the results of the 5 step test conducted on the pro

duction well at Yoder. These data were fitted by standard regression tech

niques to the equation (Todd, 1959) 

s = BQ + CQn ( 6. 1 ) 

With n = 2 as suggested by Jacob (1947), the coefficients Band C were 

determined so that 

2 
s = 1.226Q + 1.015Q (6.2) 

where , s is in feet and Q is in gallons per minute. The degree to which 

Equation 6.1 fits the observed data is shown in Figure 6.4. The fit is con

sidered to be fair and it is concluded that this equation will yield accurate 

estimates of drawdown at discharges up to about 2 0 gpm. Depending on the 

depth at which the pump is eventually set, there will be approximately 362 

feet of useable drawdown. Equation 6.1 or Figure 6.4 indicates that a maximum 

sustained discharge of about 18 gpm can be achieved under these circumstances. 

A second use of the step drawdown data is to assess the efficiency of the 

well. In this context, the coefficient B in Equation 6.1 becomes the 

aquifer loss coefficient and C is regarded as a well loss coefficient. A 

small value of c indicates an efficient well. It should be noted that the 

coefficients B and c have physical significance just described for wells 

that fully penetrate a confined aquifer. Because the well at Yoder only par

tially penetrates the aquifer and leaky conditions are suspected due to the 

high degree of stratification noted during drilling, it is not possible to 

perform a rigorous analysis of well efficiency. Because of the relatively 

large open area of the screened interval in relation to discharge rate, most 
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Step 
No. 

1 
2 
3 
4 
5 
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Table 6.5. Step-Drawdown Results. 

Elaosed Time 
Start Stop 

(HH:MM:SS}* (HH:MM:SS}* 

0:00:00 
5:04:00 
7:00:00 
9:40:00 

30:00:00 

5:04:00 
7:00:00 
9:40:00 

30:00:00 
49:00:00 

* (hours:minutes:seconds) 

Average 
Discharge 

( gpn) 

11. 84 
14. 61 
15. 51 
16. 7 8 
17. 48 

Drawdown 
(ft) 

167.39 
222.s o 
248.09 
312.06 
342.06 
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of the inefficiency of the well can be attributed to the fact that the well 

does not fully penetrate the aquifer. 

Because it was not possible to fully evaluate the effects of partial 

penetration, Equation 6.2 could not be used to estimate aquifer properties, 

transmissivity and storage coefficient. As the data in Figure 6.3 indicate, 

the drawdown versus time curve tends to become flat with time. Generally, 

this is indicative of leaky, confined aquifer conditions. The large degree of 

stratification, e.g., alternating shale and sand layers, observed during the 

well drilling further reinforces the observation that leaky conditions pro

bably exist at the site. Al though standard nonequilibrium methods (Theis) of 

analysis were attempted, the leaky conditions and variations in discharge 

precluded obtaining meaningful results. The lack of observation wells makes 

it impossible to obtain results using distance-drawdown methods. 

Because the discharge from the well was so erratic, it was not possible 

to use the pumping portion of the test in the analysis. It was necessary, 

therefore, to use the recovery data to estimate aquifer parameters. 

Unfortunately, the check valve in the pump failed when the pump was turned 

off, allowing the water in the discharge line to leak back into the well. 

Because of this, the first few data points are not representative of the 

actual aquifer response. Fortunately, most methods of analyzing recovery data 

rely more heavily on data obtained nearer the end of the test. 

The three methods of analyzing the recovery data are described in 

Appendix G. From these analyses, it is concluded that the transmissivity of 

the aquifer is about 7 sq. ft./day which is fairly small indicating a relati

vely tight aquifer. The estimated storage coefficient of o. 0 0001 is quite 

small as reflected in the relatively fast rate of drawdown during pumpage. 

Although it was not possible to quantify leakage, a certain amount probably 

does exist. Based on the results of the pumping tests, it is believed that 

the well can safely produce 18 to 19 gpm for sustained pumping periods. 

6.5 Water Quality of Production Well 

Prior to the termination of the pump test, water quality sarcples were 

collected. The analysis of these samples included total anions and cations, 

pH, EC, TDS, hardness and radiological contamination (gross alpha, gross beta 

and radium 226). Results of the analysis are provided in Appendix H. 
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In general, the water quality of the production well is similar to the 

present tap water quality. The fluoride content, 2.95 mg/l, is lCl.\7er than 

the RR Well although it still exceeds the upper standard of 2.4 mg/l. The 

sodium content, 3 28 mg/l, is less than that of wells 76, 6, and the RR Well 

and is indicative of hard water in the local area. The TDS (ROE in Appendix 

H), 848 mg/l (ppm), is comparable with the calculated values of TDS for this 

water bearing zone given in Table 6. 3 for TH# 2. This value is slightly higher 

than the maxinum standard of 5 00 mg/l. The results of the radiological analy

sis indicate 'that there is no evidence of contamination resulting frorn these 

substances. 
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VII. PERMITTING 

During this investigation, SLA submitted one application for groundwater 

appropriation {Form u.w. 5) to the Wyoming State Engineer's Office {Permit 

#60589). The permit application was approved for test purposes only and did 

not incur the $25.00 fee associated with filing for a municipal water supply 

well. As indicated in this report, the test well has been developed to become 

a municipal production well for the Town of Yoder. In accordance with the 

procedure established by the Wyoming State Engineer's Office, an additional 

Form u.w. 5 must be submitted to receive approval to appropriate groundwater 

for the municipal supply. SLA has submitted this application for groundwater 

appropriation along with the filing fee and is currently awaiting its ap

proval. Once approved, Form u.w. 5 will be returned along with additional 

forms indicating well completion and well description {Form u.w. 6) and proof 

of appropriation and beneficial use of groundwater (Form u.w. 8). Once the 

pumping facility is installed in the municipal well and the water put to bene

ficial use, it is considered a completed well and Forms u.w. 6 and u.w. 8 must 

be completed and submitted to the Wyoming State Engineer's Office. These 

forms will be provided to the Mayor of Yoder for completion and submission in 

accordance with the prescribed procedures. Staff members of SLA will provide 

the information and assistance necessary to complete these forms, if needed. 

Copies of these forms along with instructions for completing them are provided 

in Appendix I. 
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VIII. CONCLUSIONS 

The groundwater resources investigation conducted by SLA for the WWDC 

accomplished the objectives set forth at the beginning of the study. The 

Phase I investigation identified and described the local major groundwater 

aquifers and determined the most suitable aquifer for present development to 

satisfy Yoder's current and projected needs. Based on the results and recom

mendations of this Phase I investigation, test holes were drilled and a pro

duction well developed during Phase II. 

During the Phase II investigation, three water-bearing zones were 

identified: a near surface aquifer with a relatively high discharge of 50 gpm 

but with a high TDS of about 1,620 ppn, a middle confined aquifer from 385 to 

420 feet with a discharge of approximately 23 gpm and good water quality (TDS 

of approximately 980 ppm); and a deep confined aquifer from 547 to 600 feet 

with a discharge of 32 gpm and a TDS content of about 1,280 ppm. The major 

disadvantage of developing the upper aquifer is the potential for surf ace 

water contamination. This study has revealed that the near surface aquifer is 

more subject to surf ace water contamination and is not considered a potable or 

reliable water supply. The deep confined aquifer also has its disadvantages. 

Although it appears that an adequate water supply exists, the major water

bearing zone is intermingled with black oil shales that offer a high potential 

for contamination of the water supply. Due to these considerations, the 

middle confined aquifer was selected as the optimum zone to develop. There 

was an adequate water discharge to meet the needs of the town, water quality 

was comparable to the existing water supply, and a very limited potential 

existed for surface water contamination. 

The results of the Phase II investigation have indicated that the produc

tion well provides a sustained water yield of 18 gpm. In Chapter I, our find

ings revealed that a new water supply system, providing 35 to 40 gpm, was 

needed. Although the sustained yield of the production well does not satisfy 

the entire demand of the new water supply system, it will supplement the muni

cipal wells presently operating. The 18 gpm from the production well is 

capable of satisfying the water demand for Yoder about 90 percent of the time. 

During the summer, this quantity can be combined with an average sustained 

yield of three and six gpm from Wells 76 and 6, respectively, and approxima

tely 10 gprn from the Railroad Well to satisfy the water demand. The overall 

water quality of the system will be acceptable. In general, the pH will 
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slightly exceed 8, TDS will be approximately 850 mg/l, the fluoride level will 

exceed 2.4 mg/l, the sodium level will be less than 350 mg/l, and there is no 

radioactive contamination above EPA' s primary drinking water st.andards. 

Therefore, the water quality of the new water supply system will be better 

than that existing in the present water supply system. The project cost 

incurred during this groundwater investigation are given in Appendix J. Costs 

include direct costs such as labor and communications and indirect costs such 

as well drilling and completion, travel and pump tests. 

In conclusion, the outcoma of this study has provided the WWDC with 

information concerning the local groundwater aquifers in the vicinity of Yoder 

and also provided the Town of Yoder with a potable water supply source. 

Concurrent with the conclusion of this study has been the commencement of a 

new water system designed by Wells Engineers, Inc. of Gering, Nebraska. In 

that regard, information provided in this report will be instrumental in 

determining the size of pump needed and in designing the pumping facility. 

Recommendiations include sealing off the oil bearing zones of the 

Railroad Well and location of another deep well. The Railroad Well is within 

the depression cone of the production well, thus the oily water from the 

Railroad Well can contaminate the production well. It is suggested that the 

least expensive method to prevent this contamination would be to place a 

packer in the well bore bel°'1 the pump at about 360 feet belCM the ground sur

face. This may decrease the capability of the Railroad Well to produce 18 

gpn, but as we have indicated, the Railroad Well is the lowest priority of 

supply and in the long run would only be needed for 10 gpm less than 2 percent 

of the time. It must be kept in mind, though, that the Railroad Well is not 

town property. 

For future well field development, two alternatives can be pursued. The 

first would be to complete a deep well to the same aquifer zone. This well 

should not be within a 3,200-foot radius of the completed well in order to 

minimize interference. The second alternative would be to drill deeper and 

tap the Fox Hills Sandstone or the Niobrara Formation. These alternatives may 

provide suitable waters for the town of Yoder. Unfortunately, at the time of 

this writing, these formations have not been tested for water production. It 

is possible that with renewed energy drilling in the area, this information 

will be available in the future. 
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WDA·217 07180 

C.2 

WATER ANALYSIS 
Wyoming Department of Agriculture 

Division of Laboratories 
P. 0. Box 3228, University Station 

Laramie, WY 82071 

OWNER OR USED SIMONS, LI & ASSOCIATES 

ADDRESS P.O. Box 1816, Fort Collins, CO 80522 

LAB NO. 2-2648 

SOURCE ___ _,_7.:::..6_W:.:..:e=.:l::..:l,,___ _________ LOCATION -----------------

DESCRIPTION 

DA TE COLLECTED ___,A,_...p"'"'r"""i,.,.l.__,.lw4C.>..--=l.:o..9 8""-'2=--..:2:...::c..::0::.:::0:..cp""m,___ DA TE RECEIVED April 20 , 19 82 

CATIONS 

Calcium 

Magnesium 

Sodium 

Potassium 

Total Cations 

Ammonia 

Boron 

C.O.D. 

Conductance (umho/cm2) 

Cyanide 

Hardness (as CaCO:i) 

M.B.A.S. 

meq/1 

Q.SQ 

0.53 

25 29 
a 26 

26 83 

E.P.A. 
STANDARD 

Nitrate-N (N03 + N02 as N) 

Nitrite 

pH 

Phenols 

Phosphate Ortho-Total 

ROE (1ao· C) 

Silica 

Sodium(%) 

Solids, Suspended 

Solids, Total 

Solids, Volatile 

Sulfide 

Total Alkalinity (as CaCO:i) 

Total Carbonate 

Totaf Kjeldahl Nitrogen 

Turbidity (N.T.U.) 

Oil & Grease 

Chloroform 

Bromodichloromethane 

Chlorodibromomethane 

Bro mo form 

Date April 27, 1982 

mg/1 

16 

6.5 

580 

JO 

.,FOUND mg/1 

67 

8.5 

1760 

ANIONS 

Carbonate 

Bicarbonate 

Sulfate 

Chloride 

Nitrate 

Fluoride 

Total Anions 

Aluminum 

Arsenic 

Barium 

Cadmium 

Chromium 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Nickel 

Selenium 

Silver 

Zinc 

Endrin 

Lindane 

Methoxychlor 

Silvex 

Toxaphene 

2,4-D 

Laboratory Fee$ 33 'SO (Paid) (Charged-to be billed monthly) 

Please make checks payable to: 

mcj 

Wyoming Department of Agrlculture 
2219 Carey Avenue 

Cheyenne, WY 82002 

meq/1 

0.80 

5.05 

14.99 

6.76 

o oo 

o 06 

27 66 

E.P.A. 
STANDARD 

0.05 

1.0 

0.01 

0.05 

0.05 

0.002 

O.Q1 

0.05 

0.0002 

0.004 

0.1 

0.01 

0.005 

0.1 

mg/1 

24 

310 

720 

240 

0 0 

FOUND mg/1 
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c. 3 

WATER ANALYSIS 
Wyoming Department of Agriculture 

Division of Laboratories 
P. 0. Box 3228, University Station 

Laramie, WY 82071 

OWNER OR USED SIMONS LI & ASSOCIATES 

ADDRESS Pa Bax 1816, Fort Collins, CO 80522 

2-2649 LAB NO., _____ _ 

SOURCE ____ T~n..uwn.u..i......1WllLle=..lL..J..._ _________ LOCATION ------------------

DESCRIPTION 

DATECOLLECTED --~A~p~r~i~J_...JM4~,_...J~9~8~2----~ 

CATIONS meq/1 

0.50 

0.55 
Calcium 

Magnesium 

Sodium 20.89 

Potassium 0.21 

Total Cations 22.15 

E.P.A. 
STANDARD 

Ammonia 

Boron 

C.O.D. 

Conductance (umho/cm2) 

Cyanide 

Hardness (as CaCO:i) 

M.B.A.S. 

Nitrate-N (N0 3 + N02 as N) 

Nitrite 

pH 

Phenols 

Phosphate Ortho·Total 

ROE (180° C) 

Silica 

Sodium(%) 

Solids, Suspended 

Solids, Total 

Solids, Volatile 

Sulfide 

Total Alkalinity (as CaCO:i) 

Total Carbonate 

Total Kjeldahl Nitrogen 

Turbidity (N.T.U.) 

Oil & Grease 

Chloroform 

Bromodichloromethane 

Chlorodibromomethane 

mg/1 

10 

6.7 

480 

8.0 

/OUND mg/1 

53 

8.6 

1350 

DATE RECEIVED 

ANIONS 

Carbonate 

Bicarbonate 

Sulfate 

Chloride 

Nitrate 

Fluoride 

Total Anions 

Aluminum 

Arsenic 

Barium 

Cadmium 

Chromium 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Nickel 

Selenium 

Silver 

Zinc 

Endrin 

Lindane 

Methoxychlor 

Sil vex 

Toxaphene 

2,4·D 

April 20. 1982 

meq/1 

1.2 

8.05 

8.98 

3.63 

0.02 

0.08 

21.96 

E.P.A. 
STANDARD 

0.05 

1.0 

0.01 

0.05 

0.05 

0.002 

0.01 

0.05 

0.0002 

0.004 

0.1 

0.01 

0.005 

0.1 

mg/1 

36 

490 

430 

130 

LO 

1.6 

FOUND mg/1 

Bromoform 

Date April 27, 1982 ~-JI;~ 
(Director) 

Laboratory Fee $ 33 · 50 (Paid) (Charged-to be billed monthly) 

Please make checks payable to: Wyoming Department of Agriculture 
2219 Carey Avenue 

Cheyenne, WY 82002 
mcj 
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C.4 

WATER ANALYSIS 
Wyoming Department of Agriculture 

Division of Laboratories 
P. 0. Box 3228, University Station 

Laramie, WY 82071 

LAB NO. 2-2468 

. . ,...., ,._.; 
r: .. ~..., 

OWNERORUSED SIMONS. LI AND ASSOCIATES TOM BALLESTERO 

ADDRESS P.O. Box 1816. Fort Collins. CO 80522 

SOURCE __ _.RloloOROl......Jwlle...,1..,.1._ ___________ LOCATION Yoder WY 
J 

DESCRIPTION 

DATE COLLECTED March 23. 1982 9:00am DATE RECEIVED _ __.:..;==-=-~-=:..:::..:=---------

CATIONS 

Calcium 

Magnesium 

Sodium 

Potassium 

Total Cations 

meqJ1 

0.12 

0 23 

14 79 

a 12 

15 26 

E.P.A. 
STANDARD 

Ammonia 

Boron 

C.O.D. 

Conductance (umho/cm2) 

Cyanide 

Hardness (as CaCO:i) 

M.B.A.S. 

Nitrate-N (N03 + N02 as N) 

Nitrite 

pH 

Phenols 

Phosphate Ortho-Total 

ROE (180° C) 

Silica 

Sodium(%) 

Solids, Suspended 

Solids, Total 

· Solids, Volatile 

Sulfide 

Total Alkalinity (as CaCO:i) 

Total Carbonate 

Tt.tal Kjeldahl Nitrogen 

Turbidity (N.T.U.) 

Oil & Grease 

Chloroform 

Bromodichloromethane 

Chlorodibromomethane 

Bromoform 

Date April 21, 1982 

45.50 

mgl1 

2.5 

2 8 

340 

4 5 

FOUND mgl1 

1370 

18 

0.0 

8.4 

0.4 
812 

720 

ANIONS 

Carbonate 

Bicarbonate 

Sulfate 

Chloride 

Nitrate 

Fluoride 

Total Anions 

Aluminum 

Arsenic 

Barium 

Cadmium 

Chromium 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Nickel 

Selenium 

Sliver 

Zinc 

Endrin 

Lindane 

Methoxychlor 

Silvex 

Toxaphene 

2,4-D 

Laboratory Fee $ ____ ,(Paid) (Charged-to be billed monthly) 

Please make checks payable to: 

mcj 

Wyoming Department of Agriculture 
2219 Carey Avenue 

Cheyenne, WY 82002 

0.05 

0.002 

0.01 

0.05 

0.0002 

0.004 

0.1 

0.01 

0.005 

0.1 
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WATER ANALYSIS 
Wyoming Department of Agriculture 

Division of Laboratories 
P. 0. Box 3228, University Station 

Laramie, WY 82071 

LAB NO. 2-2531 

4pli' ~ 

OWNER OR USED 
"J g /i,O_ ·:-.0_J':l. 

_s_n_M_O_NS~,:.._L_I __ &_A_S_S_O_C_IA~T~E=·S_____________________________ J 

ADDRESS P.O. Box 1816, Fort Collins, CO 80522 

SOURCE LOCATION -----------------

DESCRIPTION Yoder R.R. well 

DATE COLLECTED April 5, 1982 

CATIONS 

Calcium 

Magnesium 

Sodium 

Potassium 

Total Cations 

meq/1 

E.P.A. 
STANDARD 

Ammonia 

Boron 

C.0.D. 

Conductance (umho/cm2) 

Cyanide 

Hardness (as CaCO:i) 

M.B.A.S. 

Nitrate-N (N03 + N02 as N) 

Nitrite 

pH 

Phenols 

Phosphate Ortho-Total 

ROE (180• C) 

Silica 

Sodium(%) 

Solids, Suspended 

Solids, Total 

Solids, Volatile 

Sulfide 

Total Alkalinity (as CaCO:i) 

Total Carbonate 

Total Kjeldahl Nitrogen 

Turbidity (N.T.U.) 

Oil & Grease 

Chloroform 

Bromodichloromethane 

mg/1 

FOUND mg/1 

0.31 

o.o 

DATE RECEIVED 

ANIONS 

Carbonate 

Bicarbonate 

Sulfate 

Chloride 

Nitrate 

Fluoride 

Total Anions 

Aluminum 

Arsenic 

Barium 

Cadmium 

Chromium 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Nickel 

Selenium 

Silver 

Zinc 

Endrin 

Llndane 

Methoxychlor 

Sil vex 

Toxaphene 

2,4-D 

April 

Volatile gasses 

6, 1982 

meq/1 

E.P.A. 
STANDARD 

0.05 

1.0 

0.01 

0.05 

0.05 

0.002 

0.01 

0.05 

0.0002 

0.004 

0.1 

0.01 

0.005 

0.1 

mg/1 

FOUND mg/1 

< a nos 

0.4 mg/l 

methane 

Chlorodibromomethane 

Bromoform 

Date April 28, 1982 ~ot.7£~ 
(Director) 

27.00 
Laboratory Fee $ ____ (,Paid) (Charged-to be billed monthly) 

Please make checks payable to: 

pf rdr was 

Wyoming Department of Agriculture 
2219 Carey Avenue 

Cheyenne, WY 82002 
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C.6 

WATER ANALYSIS 
Wyoming Department of Agriculture 

Division of Laboratories 
P. 0. Box 3228, University Station 

Laramie, WY 82071 

OWN ER OR USED SIMONS, LI & ASSOCIATES 

ADDRESS P.O. Box 1816, Fort Collins, CO 80522 

SOURCE Yeik, tap, kitchen LOCATION 

DESCRIPTION 

LAB NO. 2-2650 

DATE COLLECTED April 14, 1982 2:00pm DATE RECEIVED April 20, 1982 

CATIONS 

Calcium 

Magnesium 

Sodium 

Potassium 

Total Cations 

Ammonia 

Boron 

c.o.o. 
Conductance (umho/cm2) 

Cyanide 

Hardness (as CaCO:i) 

M.B.A.S. 

meq/1 

0.10 

0.09 

13.92 

0.06 

14.17 

E.P.A. 
STANDARD 

Nitrate-N (N03 + N02 as N) 

Nitrite 

pH 

Phenols 

Phosphate Ortho-Total 

ROE (180" C) 

Silica 

Sodium(%) 

Solids, Suspended 

Solids, Total 

Solids, Volatile 

Sulfide 

Total Alkalinity (as CaCO:i) 

Total Carbonate 

Total Kjeldahl Nitrogen 

Turbidity (N.T.U.) 

Oil & Grease 

Chloroform 

Bromodichloromethane 

Chlorodibromomethane 

Bromoform 

Date April 27, 1982 

mg/1 

2.0 

1.1 

320 

2.5 

FOUND mg/1 

10 

8.7 

812 

ANIONS 

Carbonate 

Bicarbonate 

Sulfate 

Chloride 

Nitrate 

Fluoride 

Total Anions 

Aluminum 

Arsenic 

Barium 

Cadmium 

Chromium 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Nickel 

Selenium 

Silver 

Zinc 

Endrin 

Lindane 

Methoxychlor 

Sil vex 

Toxaphene 

2,4-D 

Laboratory Fee$ 33 .50 (Paid) (Charged-to be billed monthly) 

Please make checks payable to: 

mcj 

Wyoming Department of Agriculture 
2219 Carey Avenue 

Cheyenne, WY 82002 

meq/1 

2.00 

12.05 

o.oo 
0.09 

o.oo 
0.13 

14.27 

E.P.A. 
STANDARD 

0.05 

1.0 

0.01 

0.05 

0.05 

0.002 

0.01 

0.05 

0.0002 

0.004 

0.1 

0.01 

0.005 

0.1 

mg/1 

60 

740 

o.o 
3.3 

o.o 
2.5 

FOUND mg/1 
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WDA-287 07171 WATER ANALYSIS LAB NO. 2-2469 
Wyoming Department of Agriculture 

Division of Laboratories 
P. 0. Box 3228, University Station 

Laramie, WY 82071 

OWNER OR USED SIMONS, LI & ASSOCIATED 

ADDRESS P.O. Box 1816, Fort Collins, CO 80522 

TOM BALLESTERO 

Well Jr'7 Y d r WY SOURCE ____ 1_'------------- LOCATION ___ o_e_, ____________ _ 

DESCRIPTION 

DATE COLLECTED _Ma_r_c_h_2_3_,_1_9_8_2_6_: O_O_p_m ___ DATE RECEIVED March 24, 1982 

CATIONS 

Calcium 

Magnesium 

Sodium 

Potassium 

Total Cations 

meq/1 

E.P.A. 
STANDARD 

Ammonia 

Boron 

C.O.D. 

Conductance (umho/cm2) 

Cyanide 

Hardness (as CaCO:i) 

M.B.A.S. 

Nitrate-N (N03 + N02 as N) 

Nitrite 

pH 

Phenols 

Phosphate Ortho-Total 

ROE (180° C) 

Silica 

Sodium(%) 

Solids, Suspended 

Solids, Total 

Solids, Volatile 

Sulfide 

Total Alkalinity (as CaCO:i) 

Total Carbonate 

Total Kjeldahl Nitrogen 

Turbidity (N.T.U.) 

Oil & Grease 

Chloroform 

Bromodichloromethane 

Chlorod i bromomet hane 

Bromoform 

Date Aoril 21 1982 

7.00 

mg/1 

fOUND mg/1 

8.3 

766 

ANIONS 

Carbonate 

Bicarbonate 

Sulfate 

Chloride 

Nitrate 

Fluoride 

Total Anions 

Aluminum 

Arsenic 

Barium 

Cadmium 

Chromium 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Nickel 

Selenium 

Silver 

Zinc 

Endrin 

Llndane 

Methoxychlor 

Silvex 

Toxaphene 

2,4-D 

Laboratory Fee$ (Paid) (Charged-to be billed monthly) 

Please make checks payable to: 

mcj 

Wyoming Department of Agriculture 
2219 Carey Avenue 

Cheyenne, WY 82002 

meq/1 

0.18 

E.P.A. 
STANDARD 

0.05 

1.0 

0.01 

0.05 

0.05 

0.002 

0.01 

0.05 

0.0002 

0.004 

0.1 

0;01 

0.005 

0.1 

mg/1 

3.4 

FOUND mg/1 
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GEOLOGIC LOG OF TEST HOLE 1 



D.1 

Water Well Log: Yoder Test Hole 1 
Project: WY-WDC- 01 

Date: Begin 5/1 3/82 1 036 AM 
End 5/13/82 400 PM 

Depth: 120' Location: Town Site, 88' North of 
Town Well #7 Diameter: 6-1/ 4" 

Ground Elevation: 4244 (approximate) Dr ill Type: Rotary (Air) 

Feet 

o- o. 2 

0.0 

- 1 0 

- 15 

- 2 0 

- 28 

- 35 

- 40 

- 46 

- 50 

- 55 

Casing: Steel Case to 40' (8-3/4" Bit) 

Description 

Soil, A horizon dark brown, loam, subangular blocky structure, 
moderately plastic, highly organic 

Soil, B horizon, dark brown,-yellowish brown, loam-clay loam, 
subangular blocky structure, moderately plastic 

Light reddish brown-yellowish brown clay, moderately calcareous, 
slight - moderately compact, homogeneous with lower layer more 
sandy; highly plastic 

Brown - yellowish brown muddy gravel, slightly calcareous, friable 
with some moderately cohesive clay matrix interspersed, poorly 
sorted, gravel is multicolored and subangular, 1/4 - 3/4" in size; 
contains water 

Same as above unit except contains more mud, contains water {gravel 
caving) 

Brown sandy gravel, slightly calcareous, friable, very little mud 
and clay, moderately sorted, multicolored gravel, subangular, 1/4 -
3/4" in size, interbedded with above unit less water 

Light brown sandy mud, moderately calcareous, slightly plastic, 
poorly sorted, homogeneous, contains very little moisture 

Yellowish brown clay, moderately calcareous, highly plastic compact, 
moderately homogeneous 

Same as above unit, very compact, platey structure 

Yellowish brown clay with dark brown-black sand-size "specks," 
possibly organics, non- to slightly calcareous, highly plastic, com
pact, moderately homogeneous, no platey structure 

Reddish clay with dark brown-black organic { ?) sand size particles, 
noncalcareous, highly plastic, moderately homogeneous, contains more 
mud than above unit, thinly bedded 



D.2 

Feet Description 

- 6 0 Same as above with few pebbles ( 1/4 - 1/2") 

- 70 Yellowish brown muddy medium sand, sandy mud, and muddy gravelly 
, sand, sand is well sorted, mostly white or clear quartz with some 

red and black grains, gravel less than 1/2" in size, subangular non
calcareous, nonplastic, slightly cohesive, contains water at 25 gpm 

- 75 Light brown-light gray fine sand with clay stringers, well sorted, 
white quartz with black sand, slightly cohesive, noncalcareous, con
tains water 

- 82 Light brown - light gray fine sand - muddy sand - muddy gravelly 
sand, moderately sorted, white quartz sand with black grains, 
slightly cohesive, noncalcareous, gravel is dark brown and red, 
less 1/2", subangular. Gravel is dominant from 77-78', more water 
than at 70'. 

-110 Whitish gray fine to very fine sand, clean, well sorted, white and 
clear quartz with red_ and black grains, very little clay matrix, 
friable homogeneous, nonplastic, noncohesive, noncalcareous, some 
red clay stringers and gravel (as above unit) at 100'. Contains 
water. 

-120 Same as above unit except muddy sand, more compact. Contains water. 
6 0-70 gpm. 



APPENDIX E 

GEOLOGIC LOG OF TEST HOLE 2 



E.l 

(Permit VW6 0589 no. 3) 
Water Well Log: Yoder Test Hole 2 
Project: WY-WDC-01 

Date: Begin 5/19/82 10:56 AM 
End 5/2 0/82 8: 0 0 PM 

Type Drill: Air rotary 
Depth: 6 00' 

Location: Town Site, 2 2 O' E and 11 O' 

N of R R Well 
Ground Elevation: 4248' (approximate) Diameter: 6-1/4" & (8-3.4" first 40') 

Casing: Steel case to 93' 

Feet 

o- 0.1 

- 1 0 

- 26 

- 32 

- 40 

- 49 

- 52 

- 58 

- 60 

- 80 

Description 

Soil, A horizon brown loam, weak subangular blocky structure, 
moderately plastic, organic 

Subsoil, B and C horizons, and muddy clay, light brown clay loam and 
mud, upper part subangular blocky structure, highly calcareous, firm 
when dry, homogeneous, moderate to highly plastic 

Yellow brown sand with interlayered muddy sand (medium-fine) and gra
vel ( <1" pebbles - multicolored), muddy sand around 2 0 feet, pebbles 
are angular - subangular, loose to partly coherent, poorly sorted, 
nonplastic, water bearing 

Red mud, sandy mud, interbedded with thin lenses of red muddy clay 
and muddy sandstprne, sand is fine, highly calcareous, somewhat firm 
layers of mud, poorly sorted, mud and clayey mud layers non to 
slightly plastic, no water 

Interlayered red sandy mud and clayey mud same as above unit except 
more clay 

Light red and gray variegated and interlayed clay with muddy clay, 
moderately calcareous, moderately compact and firm, highly plastic, 
from 44 to 49' clay becomes harder, more corcpact and is light 
pink-gray, very firm 

Light gray clay, slightly calcareous, moderately compact and slight 
to moderately firm, highly plastic, homogeneous 

Reddish brown clay, non-slightly calcareous, moderately compact and 
firm, highly plastic, homogeneous 

Loose muddy fine - very fine gray-greenish gray sand, dark black
brown sand size particles, noncalcareous, friable, (well is caving) 
some water 

Interlayered yellow-red-gray sandy mud with lenses of red firm mud 
and clay, lower 10' is gray-blue muddy sand (fine) with thin lenses 
of sand, noncalcareous, loose, poorly sorted, nonplastic, contains 
lenses or "pods" of blue mud and clay, water bearing 



Feet 

- 88 

- 90 

- 96 

-100 

-108 

-117 

-123 

-132 

-144 

-153 

-195 

-196 

-217 

-220 

-240 

-245 

E.2 

Description 

Interlayered yellow-gray and red muddy sand and mud with clay lenses 
clay at 80-82' then more gray-red mud and clay as above unit. blue 
muddy lenses from 82-85' then more sand, slightly calcareous, very 
poorly sorted with some ironstone (dark brown) lenses, slight com
pact, less water than above unit 

Gray-blue muddy sand with brown ironstone lenses or "pebbles," 
like strata from 70'-80' 

Red clay with muddy clay, moderately firm (gummy) noncalcareous, 
highly plastic, some interbedding with blue-gray sand and blue clay, 
clay layers very firm 

Yellow clay-mud and gray very fine sand with black "specks," very 
loose, contains lenses of dark red shale-like material, some water 
but less than above 

Yellow muddy clay - clay with gray and red lenses of shaley clay, 
some pebbles, yellow clay is moderately compact and firm, not homo
geneous, noncalcareous (probable lower boundary between Chadron and 
Lance formations) 

Fractured hard firm gray and red shale - mudstone, noncalcareous 

Dark gray - black mud, sandy mud with coal lenses and black clay 
lenses, some brown ironstone lenses, some shale-mudstone lenses, 
noncalcareous, clay is very sticky and plastic 

Same as above except more light gray very fine sand without as much 
black clay or coal 

Black mud and mudstone, poorly consolidated 

Gray-brown noncalcareous shale, soft to moderately firm, brittle 
and fractured, with interlayers of more friable mudstone 

Gray-brown noncalcareous shale with thin lenses of hard sandstone 
and soft mudstone, oily 

Gray limestone, firm and brittle, thinly bedded, homogeneous 

Green gray calcareous sandy mudstone, weakly consolidated, inter
bedded with muddy very fine sand, poorly sorted 

Black coal and shale, highly organic, not firm, plastic, non
calcareous 

Gray-black shale and mudstone, not firm to moderately firm, 
noncalcareous 

Gray-brown fissile noncalcareous shale 



Feet 

-246 

-266 

-275 

-310 

-318 

-325 

-337 

-376 

-397 

-400 

-430 

-435 

-455 

l ' 

-460 

-462 

-470 

-490 

-512 

-516 

-547 

E.3 

Description 

Gray-black limestone, firm, thinly bedded, homogeneous 

Gray mudstone and shale, weakly consolidated, noncalcareous 

Gray-brown interbedded mudstone, shale and limestone with thin 
sandstone layers, calcareous 

Interbedded gray and black fissile shale, sandy shale and muddy 
shale, massive to platey 

Gray-green calcareous very fine sandy mudstone and muddy loose sand 
(poorly consolidated) 

Interbedded gray shale and mudstone with thin limestone layers, 
firm, fissile and nonfissile layers 

Black muddy limestone (4-6" thick) and nonfissile mudstone and 
s haley mud stone 

Green-gray calcareous muddy very fine sand (poorly consolidated), 
some pink sand, massive, interbedded with thin sandy, silty mud. 

Gray-brown shaley mudstone, shale and sandy shale, fissile, poorly 
consolidated (water bearing) 

Blue muddy shale and brown organic rich shale, thin coal beds 

Gray shaley mudstone, shale, sandy mudstone, nonf issile 

Gray shale and mudstone with thin limestone beds, firm, platey 

Interbedded gray-blue mudstone and shale and black-brown fissile 
shale, firm to poorly consolidated 

Same as above, with brown interbedded sandstone 

Green-gray very firm very fine crystalline limestone 

Green-gray very fine poorly consolidated limey sand 

Gray muddy shale and green-gray mudstone, noncalcareous 

Interbedded black fissile firm shale and gray mudstone with very 
thin brown sandstone at lower depth, non- to slightly calcareous 

Black oily shale interbedded with limestone 

Gray-black shale interbedded with sandy gray-green mudstone and thin 
sandstone 



Feet 

-558 

-560 

-578 

-580 

-588 

-600 

E.4 

Description 

Gray very fine loose sand with fine silts, poorly consolidated, 
water bearing 

Black shale, fissile 

Gray-black sandy, shaley mudstone and gray-black oily shale·poorly 
consolidated 

Gray very fine sand with silt, poorly consolidated, noncalcareous 

Gray sandy mudstone with interbedded shale 

Gray very fine silty sand and sand, poorly consolidated, water 
bearing 

Black shale at 6 00' 



APPENDIX F 

PRODUCTION WELL AQUIFER TEST DATA 



F.1 

AQUIFER TEST DATA 

TEST NUMBER: 2 
TEST SITE: YODER WYO. 
PUMP START TIME AND DATE: 8:08:42 08/25/82 
PUMP STOP TIME AND DATE: 9:08:42 08/27/82 
PUMPED WELL NUMBER: PROD. WELL 
TOTAL VOLUME PUMPED: 47864 GALLONS 

OBSERVATION WELL NUMBER PROD. WELL 
ELEVATION OF REFERENCE POINT: 0 FEET 
DEPTH TO STATIC WATER: 37.25 FEET 
OBSERVERS' INITIALS: SJW, RLG 
SOUNDER NUMBER: POWERS 1000 FT. 

ELAPSED TIME DEPTH TO WATER ELAPSED TIME PUMP DISCHARGE 
CHHHH:MM:SS) CFT> <HHHH:MM:SS) CGPM> 

0:00:00 39.73 0:00:00 13.04 
0:00:13 46.51 0:00:13 13.04 
0:01:00 55.81 0:02:43 13.04 
0:02:00 65.35 0:04:14 13.04 
0:02:43 71 .43 0:06:48 12. 77 
0:03:27 77 .41 0:08:40 12.37 
0:04:14 83.38 0:13:40 12.63 
0:05:11 90.00 0:17:00 12.24 
0:05:51 94 I :::3 0:28:34 1? .-.~ 

•._I.;) ( 

0:06:48 100.00 0:40:00 12.24 
0:07:50 105.64 0:46:00 12.00 
0:08:40 110.00 1:10:00 11 I 65 
0:10:00 l 16 I 08 1:20:00 1 '") ·";, .. "- • "- '+ 
0:12:00 124.22 1:30:00 12.00 
0: 13: 40 130.00 1:40:00 11. 76 
0:15:00 134.04 1:50:00 11. 76 
0:17:00 139:63 2:00:00 11 . 88 
0:20:00 146.47 2:20:00 11 I 54 
0: 21 : 50 150.00 2:30:00 11 I 21 
0:24:00 153.66 2 :.40: 00 .11. 65 
0:28:34 160.00 2:50:00 11 I 65 
0:34:00 165.90 2:55:00 11. 76 
0:38:00 169.49 3:00:00 11 I 43 
0:40:00 1 70. '1'2 3: 1(I:00 11 I 43 
0:46:00 174.74 3:20:40 i 2 I 12 
0:50:00 176.79 3:40:00 11 . 76 
1:10:00 184.23 4:00:00 11 • 43 
1:20:00 186.51 4:20:00 11 I 82 
1:30:00 188. 24 4:43:00 11 I 65 
1:40:00 189.71 5:00:00 11 • 32 
1:50:00 191.12 5:02:00 13 I '7'5 
2:00:00 192.40 5:04:00 13.95 
2:20:00 !95.40 5:09:04 22.50 
2:30:00 1~'5.70 5: 11 : 1 ~· i5.25 
2:40:00 11'6 I 20 5:!2:36 .. C' C' ,_, 

.i ..J I ._i.: 

2:50:00 1 Yt.. n 5:13:32 1 c ?e 
.& ._I ' ._ .._}, 

3:00:00 1 '1'7. 60 5:17:00 i5.00 
3:10:00 198.21 5:20:00 15 I 00 
~::20:40 199.01 5:22:00 14.75 



F.2 

AQUIFER TEST DATA 

TEST NUMBER: 2 
TEST SITE: YODER WYO. 
PUMP START TIME AND DATE: 8:08:42 08/25/82 
PUMP ST 0 P TIME AND DATE : 9 : 0 8 : 4 2 0 8/ 2 7 / 8 2 
PUMPED WELL NUMBER: PROD. WELL 
TOTAL VOLUME PUMPED: 47864 GALLONS 

OBSERVATION WELL NUMBER PROD. WELL <CONTINUED) 
ELEVATION OF REFERENCE POINT: 0 FEET 
DEPTH TO STATIC WATER: 37.25 FEET 
OBSERVERS' INITIALS: SJW, RLG 
SOUNDER NUMBER: POWERS 1000 FT. 

ELAPSED TIME DEPTH TO WATER ELAPSED TIME PUMP DISCHARGE 
CHHHH:MM:SS> CFT> <HHHH:MM:SS) <GPM) 

3:40:00 200.11 5:25:00 14.29 
4:00:00 201 I 18 5:27:52 14.52 
4:20:00 20 2 .18 5:30:00 14.75 
4:43:00 203.43 5:34:00 14.75 
5:00:00 204.33 5:40:00 15 I 00 
5:03:10 204.54 5:50:00 14.29 
5:04:00 204.64 6:00:00 14.29 
5:09:04 207.55 6:10:00 14.06 
5:11:19 217.18 6:20:30 14.29 
5:12:36 220.58 6:30:00 14.06 
5: 13: 32 222.77 6:40:00 14 .12 
5:14:42 225.46 6:50:00 14.06 
5:17:00 230.00 7:00:00 13.43 
5:20:00 233.96 7:02:08 19.57 
5:25:00 239 .17 7:04:36 18.75 
5:27:52 241.27 7:06:00 17.65 
5:30:00 24i.62 7:08:00 18.37 
5:40:00 246.89 7:10:20 18.00 
5:50:00 253.00 7:11:00 17. 31 
6:00:00 256.41 7:12:00 • C' C',..., 

.l.J,.JL 

6:10:00 258.24 7:13:00 16.67 
6:20:30 258.65 7:20:00 1C' C''j 

• .J • ._1._ 

6:30:00 258.78 7:30:00 15.25 
6:40:00 258.$'7 7:51 :00 15. 00 
6:50:00 259.33 8:00:00 15. 00 
7:00:00 259.75 8:20:00 15. 00 
7:02:08 262.33 8:40:00 15.52 
7:03:00 266.56 9: OG: 00 16 I 07 
7:04:36 272.99 9:20:00 15 I 00 

7:06:00 277.83 9:40:00 15.00 
7:08:00 283.40 9:42:50 17.39 
7:10:20 288.20 1':44:20 18 I 18 
7:i3:00 289.85 9:46:46 17. 3'1 
7:20:00 287 .:::5 'l': 49: (I 0 20 I G Cl 
7:30:00 285.69 9:52:08 20.00 
7:51 :00 285.00 )':54:05 ! ,-, ,.., =-

J. ' I .),_I 

8:00:00 284.89 9:58:22 18.46 
8:2C:OO 285 I 8~' 10:00:00 18 I 46 
8:40:00 286.04 10:e2:00 1'.-?I35 



F.3 

AQUlFER TEST DATA 

TEST SlTE: YODER WYO. 
PUMP START TIME AND DATE: 8:08:42 08./25/82 
PUMP STOP TIME AND DATE: 9:08:42 08/27/82 
PUMPED WELL NUMBER: PROD. WELL 
TOTAL VOLUME PUMPED: 47864 GALLONS 

OBSER'JATION WELL NUMBER PROD. WELL <CONTINUED) 
ELEVATION OF REFERENCE POINT: 0 FEET 
DEPTH TO STATIC WATER: 37.25 FEET 
OBSERVERS~ INITIALS: SJW, RLG 
SOUNDER NUMBER: POWERS 1000 FT. 

TEST NUMBER: 2 

----------------------------------------------------------------------
ELAPSED TIME DEPTH TO WATER ELAPSED TIME PUMP DISCHARGE 
<HHHH:MM:SS) (FT) CHHHH:MM:SS) <GPM) 

----------------------------------------------------------------------
9:00:00 285.82 10:06:00 18.75 
9:20:00 285.83 10:10:00 18 .18 
9:40:00 285.34 10:20:00 17.91 
9:43:16 287.00 10:40:00 17.39 
9:44:20 289.78 11:00:00 16.67 
9:45:37 292.90 11:30:00 16.67 
9:46:46 295.38 12:00:00 17.65 
9:4Y':OO 300.00 13:00:00 17 .14 
9:50:00 303.53 14:00:00 17 .14 
9:52:08 310.27 15:00:00 16.90 
9:54:05 315.15 16:00:00 17 .14 
9:56:20 319.53 17:00:00 16.22 
9:58:22 322.53 18:00:00 16.90 

10:00:00 324.72 19:00:00 16.90 
10:04:00 328.49 20:00:00 16.55 
10:10:00 331.62 21:00:00 16.55 
10:20:00 334·.13 22:00:00 16.78 
10:40:00 335.99 24:00:00 16.11 
11:00:00 336 .14 24:10:00 16.22 
11:30:00 336.47 25:00:00 16 .14 
12:00:00 336.45 25:20:00 16.67 
13:00:00 337.68 26:00:00 16.67 
14:00:00 338 .13 27:00:00 16.22 
15:00:00 338.60 28:00:00 16.90 
16:00:00 340.53 29:00:00 16.00 
17:00:00 339.65 29:08:00 18.75 
18:00:00 341 I 12 2'7': 12: 0 0 16.22 
19:00:00 338.65 29:15:00 17 .14 
20 : (I 0 : 0 (I 339.27 29:16:30 16.00 
21:00:00 340.38 29:20:00 16.67 
22:00:00 341 .25 30:00:00 16.22 
24:00:00 342.45 30:10:00 17.39 
25:00:00 341 I 48 31:00:00 1t .. 49 
26:00:00 348.35 31:12:00 17.65 
27:00:00 347.53 31 :14:00 17I91 
28:00:00 347.85 32:00:00 16.90 
29:00:00 347.68 32:03:0(1 17.65 
29:16:30 352.48 32:05:00 17.39 
29:20:00 352.BO 33:00:00 16.44 



F.4 

AQUIFER TEST DATA 

TEST NUMBER: 2 
TEST SITE: YODER WYO. 
PUMP START TIME AND DATE: 8:08:42 08/25/82 
PUMP STOP TIME AND DATE: 9:08:42 08/27/82 
PUMPED WELL NUMBER: PROD. WELL 
TOTAL VOLUME PUMPED: 47864 GALLONS 

OBSERVATION WELL NUMBER PROD. WELL <CONTINUED) 
ELEVATION OF REFERENCE POINT: 0 FEET 
DEPTH TO STATIC WATER: 37.25 FEET 
OBSERVERS' INITIALS: SJW, RLG 
SOUNDER NUMBER: POWERS 1000 FT. 

ELAPSED TIME DEPTH TO WATER ELAPSED TIME PUMP DISCHARGE 
<HHHH:MM:SS) <FT) <HHHH:MM:SS) <GPM> 

30:00:00 349.31 33:07:00 18.46 
30: 13: 0 0 352.97 34:08:00 18.75 
30:30:00 358.20 34:30:00 17.65 
31:00:00 356.51 35:00:00 17.65 
31 :14:00 360.33 36:00:00 17.91 
32:00:00 362.65 37:00:00 18. 18 
32:05:00 362.98 38:00:00 17 .14 
33:00:00 362.37 39:00:00 17.39 
33:07:00 365.39 40:00:00 18 .18 
34:08:00 376.05 41 :00 :00 17.45 
34:30:00 376.25 42:00:00 17.84 
35:00:00 376.63 43:00:00 17.52 
36:00:00 376.65 44:00:00 17.52 
37:00:00 377. 49 45:00:00 16.90 
38:00:00 377.07 46:00:00 17.02 
39:00:00 377 .59 47:00:00 16.78 
40:00:00 378. 08 48:00:00 17.39 
41:00:00 377. 76 49:00:00 16.90 
42:00:00 378.36 
43:00:00 378.73 
44:00:00 379.14 
45:00:00 379.39 
46:00:00 378. 03 
47:00:00 378.11 
48:00:00 379 .18 
49:00:00 379.31 
49:00:03 373.68 
49:00:37 351 .40 
49:01 :00 336. rn 
49:01 :35 317.95 
49: 0 2: 29 300.91 
49:03:05 294.94 
49:04:32 281 .70 
49:06:00 269.51 
49:07:00 261 .86 
49:08:00 254.33 
49:09:00 247.43 
49:10:00 240.64 
49:11:47 230.00 



F.5 

AQUIFER TEST DATA 

TEST SITE: YODER WYO. 
PUMP START TIME AND DATE: 8:08:42 08/25/82 
PUMP STOP TIME AND DATE: 9:08:42 08/27/82 
PUMPED WELL NUMBER: PROD. WELL 
TOTAL VOLUME PUMPED: 47864 GALLONS 

OBSERVATION WELL NUMBER PROD. WELL <CONTINUED> 
ELEVATION OF REFERENCE POINT: 0 FEET 
DEPTH TO STATIC WATER: 37.25 FEET 
OBSERVERS~ INITIALS: SJW, RLG 
SOUNDER NUMBER: POl.JERS 10 0 0 FT. 

TEST NUMBER: 2 

ELAPSED TIME DEPTH TO WATER ELAPSED TIME PUMP DISCHARGE 
<HHHH:MM:SS) <FT> <HHHH:MM:SS) (GPM) 

49:12:00 228.82 
49:13:00 223.30 
49:14:00 217.85 
49:16:00 208.57 
49:17:00 204.22 
49:18:00 200.00 
49:19:00 195.96 
49:20:00 192. 12 
49:22:00 185.34 
49:24:00 178.86 
49:26:00 173 .13 
49:28:00 167.93 
49:30:00 163.05 
49:32:00 158.54 
49:34:00 154.61 
49:36:00 151.00 
49:38:00 147.79 
49:40:00 144.85 
49:45:00 137.72 
49:48:00 132.32 
49:50:00 130. 85 
49:54:00 128 .15 
50:00:00 124.64 
50:05:00 122. 13 
50:10:00 119.97 
50:15:00 118.10 
50:20:00 116.42 
50:25:00 114.88 
50:30:00 113.54 
50:35:00 112.27 
50:40:00 111.15 
51:00:00 107.40 
51 : 20: 0 0 104.37 
52:00:00 99.92 
52: 20 : 0 (I 98.05 
53:00:00 94.99 
53:40:00 '1'2.~:5 

54:00:00 91.17 



F.6 

AQUIFER TEST DATA 

TEST SITE: YODER WYO. 
PUMP START TIME AND DATE: 8: 08: 42 08/25/82 
PUMP STOP TIME AND DATE: 9:08:42 08/27/82 
PUMPED WELL NUMBER: PROD. WELL 
TOTAL VOLUME PUMPED: 47864 GALLONS 

OBSERVATION WELL NUMBER R.R. WELL 
ELEVATION OF REFERENCE POINT: 0 FEET 
DEPTH TO STATIC WATER: 0 FEET 
OBSERVERS~ INITIALS: SJW, RLG 
SOUNDER NUMBER: FISHER 500 FT. 

TEST NUMBER: 2 

ELAPSED TIME DEPTH TO WATER 
<HHHH:MM:SS) <FT) 

0:00:00 o.oo 
25:50:00 65.18 
29:10:00 65.87 
31:20:00 66.26 
34:15:00 66.73 
36:25:00 67.34 
38:08:00 67.74 
40:00:00 68.09 
42:06:00 68.46 
44:07:00 68.80 
46:10:00 69.09 
47:42:00 69.30 
48:40:00 69.43 
49:00:00 69.43 
49:17:30 69.50 
49:42:20 69.55 
49:57:00 69.55 
50:07:30 69.52 
50:22:30 69.46 
50:33:00 69·. 35 
51:10:00 69. 05 
53:09:00 67.63 
53:48:00 67 .13 
54:42:00 66.53 
st.: 45: oo 61::' ·j') ..; . ...,_ 



APPENDIX G 

ANALYSIS OF RECOVERY TEST DATA 



G.1 

standard Recovery 

The standard recovery method, as described by Mcwhorter and Sunada 

(1977), consists of plotting drawdown on the coordinate scale of semi

logarithmic paper with dimensionless time on the log scale. The dimensionless 

time is calculated from: 

t = t/ (t - t ) 
2 

where t = dimensionless time, 

t time since pumping began, and 

t
2 

time at which pumping ceased 

(G. 1) 

The results of this analysis are presented on Figure G.1. As can be seen, the 

data utilized in the analysis are at relatively large time so the error intro

duced by the failure of the check valve can be safely neglected. It is not 

possible to obtain the storage coefficient using this type of analysis but the 

results indicate that the transmissivity is about 3.6 sq. ft./day. The 

discharge used in the calculation is the average discharge for the entire test 

of 2.1 8 cu. ft./min. ( 16. 3 gpm). 

Log-Log Recovery Curve Matching 

This method is described in detail by Nazareth (1981). The method con

sists of plotting dimensionless drawdown as a function of dimensionless time 

on logarithmic paper. The dimensionless drawdown is calculated by dividing 

observed drawdown by the total drawdown observed at the end of pumping and the 

dimensionless time is calculated by dividing the corresponding time by the 

total pumping time. The plot obtained is matched to type curves prepared on 

the same type of paper for various values of storage coefficient. Each set of 

curves for various storage coefficients contain dimensionless aquifer parame-

ters given by 

where -r 

T 

t 
0 

Tt /r
2 

0 c 

dimensionless aquifer parameter 

aquifer transmissivity 

total time of pumping 

(G .2) 
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Figure G.1. Results of Standard Recovery Method of Analysis. 



G.3 

r = radius of well casing 
c 

Matching the nonnalized data with the type curves allows the values of t and 

storage coefficient S to be determined. After several matching attempts, it 

was determined that the best fit was obtained for S = 0.00001 and T = 250. 

The value of T can be calculated using Equation G.2. The resultant 

transmissivity is 7.6 sq. ft./day. Figure G.2 presents a comparison of the 

measured recovery data with the type curve for T = 250 and s = 0.00001. 

The deviation of the data from the type curve at small recovery times is pro

bably due to the release of water into the well from the discharge column. 

Algebraic Method 

The final method used to analyze the recovery data was the algebraic 

method presented by Nazareth (1981). The development of this method is based 

on superposition theory. Although well bore storage during the pumping period 

is neglected in the development, well bore storage is accounted for in the 

recovery period by dividing the recovery period into n steps and calculating 

the amount of water that the aquifer delivers to the well bore. The amount of 

water delivered to the well bore in any time step is given by 

2 s i - s i-1 
-rr r 

ct. - t. 1 
l. i-

where Qi 

r 
c 

inflow to well bore during time step i 

radius of the well casing 

s . drawdown at time = t . 
l. l. 

The transrnissivity of the formation can then be calculated from 

T 
n 

1 ---
4rr s 

n 

n 

l 
i= 1 

Q.ln 
l. 

t - t . 
i i= 1] 
t - t 

n i 

(G. 3) 

(G.4) 

where T 
n 

= transmissivity calculated by accounting for discharge up to time t 
n 

s 
n 

Q 
0 

drawdown at time t 
n 

pumping rate at end of pumping period 

t = length of pumping period 
0 

The procedure used in calculating transmissivity is to divide the recovery 

into n time steps and use Equations G.2 and G.3 to calculate the transmissi

vity. It is important to note that aquifer discharge for times greater than 

the last time step is ignored and that i=1 refers to the time at which the 
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G.5 

first recovery measurement is made or interpolated from measured data. Using 

the above technique resulted in an aquifer transmissivity of 12.7 sq. ft./day. 

It was not possible to separate out the effects of the leakage of water from 

the discharge column. 



APPENDIX H 

WATER QUALITY RESULTS FROM PRODUCTION WELL 



H.1 

CLIENT: Simons Li & Associates 
JOB NO.: 2677-1 

SAMPLE NAME: Yoder Well 
SAMPLE NO.: 284 
SAMPLE DATE: 8/30/82 

AVERAGE 
VALUE STANDARD DETECTION TESTED 

PARAMETER '(mg/l) DEVIATION LIMIT BY 

METALS: 

Calcium 3.80 0.01 0.001 jpc 

Magnesium 0.830 0.0 0.001 jpc 

Potassium 4.00 0.01 0.001 jpc 

Sodium 328 0 0.001 ghp 

INORGANICS: 

Alkalinity 

Phenolphthalein 50.3 0.0 1.0 ghp 

Total 740 4 1.0 ghp 

Chloride 4.37 0.21 0.01 ghp 

Conductivity 

(micromhos/cm) 1070 0.1 ghp 

Fluoride 2.95 0.01 0.001 ghp 

Nitrate (as N) 0.25 0.01 0.01 ghp 

pH 8.11. ghp 

Solids, Dissolved 848 1.0 ghp 

Sulfate 14.4 0.2 0.1 ·ghp 

RADIOACTIVITY: 

Gross Alpha 4.24 pci/l 0.01 0.5 CSU 

Gross Beta ND 3.0 CSU 

CATION ANION BALANCE - 5.73% difference 

James H. Stewart and Associates, Inc. 



APPENDIX I 

PERMITTING FORMS 

Form u.w. 6 - Statment of Completion and 
Description of Well 

Form u.w. 8 - Proof of Appropriation and 
Beneficial Use of Groundwater 



I" 

Il~STPUCTIONS FO:.R Cll1PIEI'ING 

STATEMENT OF COMPLETION Jl..ND DESCRIPTION OF WELL, FORM U. W. 6 
AHD 

PiroF OF APPROPRIATION 1~10 BENEFICIAL USE. OF GROUND WA.i.""ER, FORH U. W. 8 

General Instructions 

I. Address all corrm..mications to the State Engineer, Barrett Building, 
01eyenne, Wy 82002. Please put your Permit Number on all commmications 
sent to this office. 

II. These forms nust be signed by the well owner or authorized agent. 
III. Only the original fonns, sent out by this office, are acceptable. 

NO CDPIFS OF ANY TYPE WILL BE ACCEPI'ED. 
IV. When a Staterrent of Carrpletion is returned to the pe.r:mittee or 

authorized agent for correction, it should be understood that the corrections 
are required for the protection of the applicant and in the interest of 
rraintaining accurate records. Please make the corrections and return to 
this office as pronptly as possible. 

v. 'Ihe Staterrent of Completion is required by law to be submitted within 
thirty (30) days of the date that a well is corrpleted and ready for use. 

VI. Proof of Appropriation and Beneficial Use of Ground Water (Fonn U.W. 8) is 
required to be submitted by December 31 of the year following the year in 
which the pennit was granted. This form is required for all wells except 
those utilized for IX::trestic and Stockwatering purposes. 

STATEMENT OF CDMPLETION AND DESCRIPTICN OF WELL 
(FORM U. W. 6) 

Staterrents of Conpletion must not be folded. 

Statements rra.ist not be defaced by crossing out or erasing- printed matter, or by changing 
the form in. any way. Preferably, the form should be typed. If a typewriter is not 
available, the form should be lettered neatly with black ink or ball point pen. 

PLEASE NarE: If any of the inforrration required in the Staterrent of Completion is not 
available or is unknown, your best estimate will be acceptable. 

THE STATFMNT OF COMPLErION MUST BE SIG-IBD CN PAGE 4 BY THE PERMI'ITEE OR AUTHOF.IZED AGENT. 

The Staterrent of Conpletion should be made out as follows: 

1. THE NAME OF ~·lER - This should be the narre of the original applicant 
(pennittee) or present owner of the well. 

2. ADDRESS - Give the respective mailing address of each penni ttee or present 
avner. 

3. USE OF THE WATER - If use of water is not the same as shewn on the approved 
permit, an e~lanatory note should be included. 

(SEE REVERSE SIDE) 



4. LCX:'ATION OF WELL - A specific location must be submitterl. If a 
sw:veyor's tie is not available, a distance rreasurerrent fran a known 
section or quarter corner must be provided. 

5. Items # 5 through # 7 are self-explanatory. 

8. DATE OF C'OMPLEI'ION OF WELL - This item should reflect the date the 
punping facility was installed and water put to Beneficial Use. Failure 
to give date will delay processing of your Staterrent of Completion. 

9. PUMP INFORMATION - This item should be corrpleted as accurately and 
thoroughly as possible. The number of gallons per minute being purtiped, 
the type of punp and the depth of purrp setting MUST 1:e shown. 

10: Items # 10 through # 12 - Infonnation relating to these i terns should be 
available from the driller and should be as corrplete as possible. It is 
the pennittees responsibility to obtain this inforrna.tion. 

13. TABULATION - The general instructions for this item are printed on the 
form. NCY.rE: Watering of lawns and gardens which do not exceed one (1) 
acre are considered Lbrrestic Use. 

14. PLAT - Instructions for this.item are clearly defined on the form. 

15. IF WELL IS 'IO BE ABANroIBD - This item should be corrpleted only if the 
well will be abandoned. 

16. SIGNATURE OF CX'1NER OR AUI'HORIZED AGENT - 'Ille form MUST BE SICl\JED by the 
pennittee or authorized agent. Failure to do so will delay processing 
of the Staterrent of Corrpletion as it will be returned to you for signature. 

PimF OF APPIDPRIATICN AND. BENEFICIAL USE OF GIDUND WATER 
(Fo:rro. U. W. 8) 

(For all wells except Ibrrestic and Stockwatering) 

The infonra.tion submitted on this form will be used as a basis for the adjudication of 
the underground water right. The items are self-explanatory and eac."1 item should be 
completed as accurately and thoroughly as possible. This fonn (U.W.8) MUST BE SIGNED on 
the reverse side by the permittee or authorized agent. 

PARI' II. THE PREPARATION OF THE PIAT - This should be read carefully BEFORE the fo:rro. 
is oorrpleted. 
CERrIFICATE OF avNEFSHIP - This may be obtained from the County Clerk's 
Office showing ownership or control of land(s) involved and HUST AC'COJP.ANY 
the Proof of Appropriation and Beneficial Use of Ground Water Fonn (U. W. 8) • 
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Form U.W. 6 
Rev. 12·81 

IF WELL IS TO BE 

STATE OF WYOMING 
OFFICE OF THE STATE ENGINEER 

ABANDONED, SEE STATEME~T OF COMPLETION AND DESCRIPTION OF WELL 
ITEM 15, PAGE 4 NOTE: Do not fold this form. Use typewriter or 

print neatly with black ink. 

PERMIT NO. u.w. ________ NAME OF WELL _______ _ 

1. NAME.OF OWNER 

2. ADDRESS-----------------------------~ip Code ______ _ 

3. USE OF WATER: Domestic D Stock Watering D Irrigation D Municipal D Industrial D Miscellaneous D 

4. LOCATION OF WELL: __ 11, __ % of Section ____ , T. ____ N., R. ____ W., of the 6th P.M. (or W.R.M.), 

Wyoming, being specifically __________________________ __;_ ______ _ 
(Bearing and Distance) 

. . or ft. ~g~~~ and ____ ft. ~~~\ from the _____ corner of Section __ , T. ___ N., R. ___ W. 

(Strike out words not needed). 

5. TYPE OF CONSTRUCTION: Drilled D ___________________ Dug D Driven D Jetted D 
(Type of Rig) 

Other 

6. CONSTRUCTION: Total Depth of Well _______ ft. Depth to Static Water Level _______ ft. 

a. Casing Schedule NewD Used D 

_____ diameter from ____ ft. to, ____ ft. Material _____ _ Gage ___ _ 

_____ diameter from ____ ft. to ____ ft. Material _____ _ Gage ___ _ 

_____ diameter from ____ ft. to ____ ft. Material _____ _ Gage ___ _ 

~ Pertoration~Type~pertora~rused _____________________________ ~ 

Size of perforations _____ inches by _____ inches. 

D a1qesnun D JOOd D a1qeidaoov D pooD :se JateM al,n Jap,suoo noA op 'tou ·i1 
"WJOJ S!4l 4l!M S!SA1eue a4l JO Adoo e apn1ou1 asea1d 'os ll 

0 ON D saA {,apew S!SA1eue 1eo,wa40 e seM 

:NOll'VV\l~O~NI ~31VM ~o A.u1vno 



10. PUMP TEST: Was a pump test made? Yes 0 No 0 

If so, by whom __________________ Address ------------------

Yield: ______ gal.Im in. with _____ foot drawdown after ____ hours. 

Yield: ______ gal.Im in. with _____ foot drawdown after ____ hours. 

11. FLOWING WELL (Owner is responsible for control of flowing well). 

If well yields artesian flow, yield is ___ gal./min. Surface pressure is ___ lb./sq. inch, or ___ feet of water. 

The flow is controlled by: valve 0 cap 0 plug 0 

Does well leak around casing? Yes O No 0 

12. LOG OF WELL: Total depth drilled-------- feet. 

Depth of completed well ________ feet. Diameter of well ______ inches. 

Depth to first water bearing formation ______ feet. 

Depth to principal water bearing formation. Top ______ feet to Bottom ______ feet. 

Ground Elevation, if known ----------
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Indicate Water Indicate Perforated (Cementing, Shutoff, 
• Feet Feet Type, Texture, Color Packing, etc.) Bearing Formation Casing Locatio . 
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Town· 
Ship 

13. TABULATION 
a. If for irrigation, the land proposed to be irrigated should be described in the following tabulation. Describe in the 

"Remarks" section, under Item 14, the means of conveying the water to the lands and the method of irrigation. ~ 

(Give irrigable acreage in each legal subdivision. If proposed use is for additional supply for lands with a right from 
another source, indicate in the tabulation the pri'ority or permit number, the source of supply and the name of the ditch 
or other well.) 

b. If not used for irrigation, show the area and point(s) of use and location of well in the tabulation below. Also describe 
the method of conveyance in the "Remarks" section under Item 14. 

Range Sec. 
NE1/4 NW 1/4 sw 1;.. SEV4 

TOTALS 

NE1/, NW 1/• I SW1/• I SE1/• NE 1/, NW1/• sw11. SE 1/• NE1/• NW 1/• SW 1/• sEv. NE1/, NW1/, SW'/• SE 11. 

I 

TOTAL NUMBER OF ACRES TO BE IRRIGATED ____ _ 

Original Supply ______ acres 

Additional Supply ______ acres 

14. PLAT 
a. If the well is to be used for irrigation, industria.1, miscellaneous or municipal use, show the location of the well on the 

plat below. For such uses, a plat certified by a licensed engineer or land surveyor is required to be submitted at the time 
the Proof of Appropriation and Beneficial Use of Ground Water is submitted. 

b. For other uses, accurately show the well location, point of use or uses and describe method of conveyance of water to 
points of use on plat and in "Remarks" section below. Make certain location on plat agrees with written description. 

c. A separate map may be submitted if the information required cannot be shown on this plat. 

R. ___ w. R. ___ w. 



r 
15. IF WELL IS TO BE ABANDONED, complete Items 1 through 8, Item 12 (log of Well) and state reason for abandonmenr 

below. 

It is the responsibility of the owner to properly plug or fill in the well in order to prevent contamination of ground water and · 
to cover or cap the well at ground level. .· . . . . r 
Under penalties of perjury, I de~lare t~at I have examined this form and to the best of my knowledge and belief it is truer 

correct and complete. • 

r 
______________ ,19 __ 

Signature of Owner or Authorized Agent Date r 

i 
Date of Receipt I 19 • I 

I 

Date of Priority I 19 

• Date of Approval ,19 

.. 
for State Engineer ~ 

i , 
;,.. , 

, 
, , 
, , 
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Form U.W. 8 

Rev: 2-82 i\OTE: Do not fold this form. Use tyµt:
writrr or print 11ratly with bla1.:k ink: 

STATE OF WYOMING 
OFFICE OF THE STATE ENGINEER 

PROOF OF APPROPRIATION AND BENEFICIAL USE OF GROUND WATER 
The owner is responsible for submitting Parts I and II of this form. Part Ill will be prepared by a State Engineer Representative at time of inspection. 

WATER OJVISION ___ _ 

STATEMENT OF CLAIM 

PERl\llT NO. U.W. -------
WELL REGISTRATION 

NMlE OF WELL 

l. Name of Claimant(s) 

Address 

3. For What Purpose{s) is Water Used? Use: 

Use: -------- Date First Used:------

PART I 

U.W. DISTRICT_ 

DATE OF PRIORITY --------------

LOCATION _____ Y4 _____ Y4 of Sectio.~-----

T. ____ N., R. W. 

Zip Code ___ _ 

Date First l.lsed ---------- '19--

, 19 __ Use: ________ Date First Used------ '19 __ 

If use is for irrigation, ~ive date irrigation was completed on all lands under this Permit:---------------------

PART II 

For Irrigation, Industrial, Municipal and Miscellaneous Wells 

A plat which has been certified by a licensed professional engineer or land surveyor shall Le submitted to accompany this form. The plat shall Le in 

accordance with Sec. 33-29-111 Wyoming Statutes 1977 or see Chapter V and VI, l\lanual of Regulations and Instructions issued by the State Engineer's 

Office. ( l\linimum scale l:ihall be 2" = 1 mile.) The map shall be prepared with waterproof black ink on tracing linen or an acceptable equivalent arid shall 

show on a suitable scale the legal subdivisions, the accurate location of the well or wells, storage facilities, if any, main canals, streams, highways aud other 

important cultural features. Land ownership will be shown, if there is more than one owner under the permit. 

IRRIGATION WELLS 

Acreage irrigated under terms of this permit will be clearly shown with a distinctive pattern and a distinction clearly made between lands having a11 

original supply and those provided a supplemental supply. Where use is for supplemental supply for lands with a right from another source, indicate the 

prioritv or nPrmit n11mhf'r of thP so11rr.P . thP snurr.P nf s11nnlv .:inrt thP n.:imp of thP rtitrh . nint> linP or othrr well. C:onvt>vanr.P sv;;trm will he shown and 

d1 

Incomplete photocopy. Page scanned as is. 



A "CERTIFICATE OF OWNERSHIP .. FROM THE COUNTY CLERK'S OFFICE SHOWING OWNERSHIP OR CONTROL OF LAND(S) 

INVOLVED MUST ACCOMPANY THIS FORM. 

Under penalties of perjury, I declare that I have examined this form and to the best of my knowledge and belief it is true, correct and complete. 

Signature of Owner or Authorized Agent 
-----------------· 19 __ 

Date 

Date of Receipt: ----------------, 19 ---

L 
L 
L 
L. 

L 
I 

I 
L_ 



APPENDIX J 

COSTS OF YODER GROUNDWA'rER INVESTIGATION 



J.1 

Table J.1. Costs of Groundwater Investigation. 

LABOR $ 1 2 I 7 2 6 

OTHER DIRECT AND INDIRECT COSTS 

DRILLING AND COMPLETION 

OVERHEAD 

FEE 

TOTAL 

1, 7 08 

27,360 

13, 2 04 

5,5 27 

$60,525 



APPENDIX K 

CONVERSIONS 



K.1 

Table K.1. Conversion Table for Selected Units. 

To Convert 

Gallons per day per square foot 

Gallons per day per foot 

Gallons per minute 

To 

Feet per day 

Square feet per day 

Cubic feet per second 

Multiply by 

0.1337 

0.1337 

o. 0 02228 



l~ 
I 
L 

l _. 

l _ 

I 

\_ -• 

L .J 

-1 

l -


	scan0001
	scan0002
	scan0003
	scan0004
	scan0005
	scan0006
	scan0007
	scan0008
	scan0009
	scan0010
	scan0011
	scan0012
	scan0013
	scan0014
	scan0015
	scan0016
	scan0017
	scan0018
	scan0019
	scan0020
	scan0021
	scan0022
	scan0023
	scan0024
	scan0025
	scan0026
	scan0027
	scan0028
	scan0029
	scan0030
	scan0031
	scan0032
	scan0033
	scan0034
	scan0035
	scan0036
	scan0037
	scan0038
	scan0039
	scan0040
	scan0041
	scan0042
	scan0043
	scan0044
	scan0045
	scan0046
	scan0047
	scan0048
	scan0049
	scan0050
	scan0051
	scan0052
	scan0053
	scan0054
	scan0055
	scan0056
	scan0057
	scan0058
	scan0059
	scan0060
	scan0061
	scan0062
	scan0063
	scan0064
	scan0065
	scan0066
	scan0067
	scan0068
	scan0069
	scan0070
	scan0071
	scan0072
	scan0073
	scan0074
	scan0075
	scan0076
	scan0077
	scan0078
	scan0079
	scan0080
	scan0081
	scan0082
	scan0083
	scan0084
	scan0085
	scan0086
	scan0087
	scan0088
	scan0089
	scan0090
	scan0091
	scan0092a0001
	scan0093
	scan0094
	scan0095
	scan0096
	scan0097
	scan0098



