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I. INTRODUCTION 

1.1 Purpose and Objectives of the Study 

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

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

resources investigation for the city of Riverside, Wyoming. The specific pur

pose of the investigation was two-fold: (1) the collection of information on 

local major groundwater aquifers leading to an analysis of groundwater avail

ability near Riverside, and (2) the development of a potable groundwater sup

ply for Riverside. Consequently, the objectives of the study were to (1) 

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

most suitable aquifer for present development to satisfy Riverside'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 Riverside prior to 

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

val of the recommended drilling program and included siting the observation 

and water supply wells, drilling the observation and water supply wells, ana

lyzing 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 Riverside is located in south central Carbon County in 

southern Wyoming. Neighboring communities include Encampment, located one

half mile southwest of Riverside and Saratoga, located 20 miles north. The 

principal means of access is via State Highway 230, which runs through the 

north edge of the town. The Encampment River flows northeast past Riverside, 

where it eventually enters the North Platte River (see Figure 1.1). A base 

map of the area involved in this study is provided in Figure 1.2. 
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The climate of the area surrounding Riverside is characterized by extreme 

variations in temperature and precipitation, snow-laden winters and short, 

cool summers. Annual precipitation ranges from 12 to 18 inches. For most of 

the area, the mean monthly temperatures range from 21°F in January to 64°F in 

July, although recorded extreme temperatures are -40°F to 100°F. 

The agricultural industry is the principal basis of the local economy. 

The mining industry, however, is rapidly expanding in the Hanna and Saratoga 

areas and provides employment for many of the local residents. Latest esti

mates by the mayor of Riverside indicate that 56 permanent residents are now 

located within the city limits, and that a large number of residents in 

Riverside are seasonal. 

Indicative of the local topography are the gentle foothills that rise 

above the confluence of the north and south forks of the Encampment River. 

The general area slopes outward from Encampment Peak to the North Platte 

River, and the elevation of Riverside is 7,140 feet. Topographic features 

range from Medicine Bow Peak, Kennedy Peak and Elk Mountain to the valley 

floors of the Encampment and North Platte Rivers. These features provide a 

scenic background for the local community and excellent recreational oppor

tunities. The Encampment River, its tributaries and adjacent marshy lands 

provide wildlife habitats for various species of aquatic life and big game 

animals which roam the mountainous regions surrounding the area. 

1.3 Description and History of Existing System 

As migrants began settling in Riverside, numerous groundwater wells were 

completed to provide water for their domestic needs. Additional groundwater 

wells furnished water for local businesses and as the population increased, 

new wells were added to meet the demands of the individual consumer. At the 

present time, privately owned groundwater wells continue to provide water for 

the residents and businesses of Riverside. Figure 1.3 provides a detailed map 

of Riverside and the location of the existing groundwater wells. The wells 

indicated on Figure 1.3 are only those wells which are permitted by the Office 

of the Wyoming State Engineer. Most wells in Riverside are equipped with sub

mersible pumps which fall within the 1/2 hp to 1 hp range. The main exception 

to these characteristics is the fire well which has a 3 hp, submersible pump. 

The reported discharge from wells of domestic or miscellaneous use within city 

limits ranges from 1-2/3 gpm to 40 gpm. Recent investigations, however, have 
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indicated that these wells seldom produce more than ten gallons per minute and 

that the majority produce less than three gallons per minute. Several resi

dents report that washing clothes and taking baths on the same day severely 

strain the production capability of their domestic wells. Although nearby 

Encampment is serviced by a municipal water distribution system, there are no 

immediate plans to extend this service to the Riverside community. 

The existing groundwater wells are frequently plagued by bacteriological 

contamination from privately owned septic tanks and leach field systems. 

Individual residences and local businesses are serviced predominantly by sep

tic systems or an occasional cesspool. Contamination of Well 19 (Figure 1.3) 

by nearby septic systems has caused a long-term problem for the well owner and 

necessitated the drilling of a new groundwater well. Seasonal contamination 

of groundwater wells is a more common occurrence. During the summer months, 

the high flows of the irrigation ditch and the Encampment River combine to 

create a high water table (see Figure 1.3). As the water table increases, a 

reversal of the hydraulic gradient occurs locally and sewage flows toward the 

groundwater wells, thus contaminating the water. This phenomena is prin

cipally noticed by homeowners within the 100-year flood plain. When it does 

occur, residents resort to hand carrying the water necessary for their daily 

needs. 

An additional source of sewage pollution emanates from the sewage ditch 

that conveys the Encampment sewage lagoon effluent. The sewage ditch is 

currently unlined and provides a possible source of contamination to nearby 

groundwater wells (Wells 2,9, and 20). In 1980, these factors were partially 

responsible for the preparation of a Step I Wastewater Facilities Plan in 

accordance with the Federal Water pollution Control Act of 1972. The plan was 

prepared by the engineering firm of BRW, Inc. of Cheyenne for the towns of 

Encampment and Riverside. It included a preliminary analysis of alternatives 

leading to the projected installation of a municipal sewage disposal system 

and the most efficient wastewater treatment possible. 

In early May of 1980, another source of contamination to local ground

water wells surfaced. It is believed that the underground petroleum tanks of 

the Riverside Husky station began leaking at that time. Wells that became gas 

contaminated include Wells 13, 15, 16 and 23. Since then, other homeowners 

have reported the faint smell of gasoline in water from their individual 

groundwater wells. New petroleum storage tanks have been purchased and are 
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now operating. The old storage tanks were drained of fuel but remain buried 

in their original position. 

On a long-term basis, the groundwater wells in Riverside have produced 

water that is bacteriologically safe. Chemical analyses, nevertheless, have 

indicated that the sodium and fluoride levels are well above the primary 

drinking water standards established by the Environmental Protection Agency. 

Regional and local water quality for the study area will be discussed in 

greater detail in Chapter VI. 

1.4 water Demand 

The population of Riverside has shown a certain degree of instability in 

past years. The official u.s. Census figures for the period from 1930 to 1980 

are as follows: 

Year Population 

1930 34 
1940 68 
1950 50 
1960 87 
1970 46 
1980 55 

In the past decade, the community of Riverside has experienced a small 

resurgence. The major reason for this recent growth has been the development 

of the mining industry in the Hanna and Rawlins areas. The current population 

of the town is 56. 

Population projections for Riverside were obtained by graphically com

paring the population trends of neighboring Encampment and Carbon County. It 

is estimated that the population of Riverside will be approximately 84 in the 

year 1990 and will level off to approximately 100 by the year 2000 (Figure 

1.4). Significant increases in the development of the mining industry near 

Hanna and Rawlins were not reflected in these estimates. 

Based on the foregoing population estimates, the current and future water 

demands for Riverside were evaluated. Estimates of average daily water 

withdrawals for public water supply systems were obtained from Clark, Viesmann 

and Hammer (1971). The base value used in this analysis was 95 gallons per 

capita per day. In general, maximum daily use can be considered to be about 

180 percent of the average daily use; this is the value which is used for 
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design purposes. The maximum daily use for Riverside was determined to be 170 

gallons per capita and accounts for changing climatic conditions and increased 

usage due to lawn sprinkling and gardening activities. At this rate for the 

current population, the water demand requires a source that provides 9520 

gallons per day, or approximately 6.6 gallons per minute at a constant 

discharge. Based on a future population of 100 in the year 2000, the water 

demand increases to 17,000 gallons per day or approximately 11.8 gallons per 

minute (constant discharge). 

A major factor limiting the growth of Riverside is "the absence of a water 

and sewage system. Although there is land available for expansion, growth is 

anticipated to be minimal until an adequate system is constructed. 

1.5 Requirement for a New Supply 

The initial analysis of existing groundwater wells revealed that a new 

supply was needed to satisfy the immediate and future water requirements for 

Riverside. A new water supply would be the first step in providing a domestic 

water distribution and sewage disposal system. The problems associated with 

the present system of privately owned groundwater wells include: (1) insuf

ficient supply to meet the needs of the individual consumer, (2) contamination 

of groundwater wells by septic systems, and (3) potential for increased con

tamination of the existing system with an increase in population. 

The necessity for a water distribution system has become increasingly 

important in recent years because of ~he potential contamination of the indi

vidual water wells due to septic tank and leach field systems. This potential 

is magnified when considering the possible pollution of groundwater wells by 

the Encampment sewage ditch and the reported gasoline leak. To date, one well 

has been abandoned and many others remain seasonally inoperable due to intru

sion of sewage from individual septic systems. Two additional wells have been 

abandoned due to high concentrations of gasoline exhibited by the well water. 

As indicated in section 1.4, the population of Riverside is projected to 

be approximately 100 by the year 2000. With population increases, the poten

tial for contamination of individual wells due to septic tanks and leach field 

systems also increases. 
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II. GEOLOGIC HISTORY OF THE RIVERSIDE STUDY AREA 

The Riverside area is located in a narrow intermontane valley of the 

North Platte Drainage between the Park and Medicine Bow Ranges (Figure 2.1). 

The narrow valley widens to the North, forming the Saratoga Valley which is 

south of several intermontane structural basins, including the Hanna Basin. 

Structurally, the valley is a northwest-southeast trending syncline roughly 

parallel to the lineaments which have been mapped in the Park Range (Figure 

2.2). Stratigraphically the area is underlain by basement crystalline rock of 

the Precambrian Era and is unconformably overlain by the North Park Formation, 

upper Tertiary in age. A thin layer of Quaternary alluvium occurs along the 

present day flood plain. 

The mountain ranges are composed of a complex of igneous and metamorphic 

rocks, predominantly granite, granite gneiss, schist and hornblende schist. 

Aplite and basic dikes also crop out locally. This basement rock is overlain 

by a sequence of Tertiary fill of the North Park Formation. These sediments 

can be as much as 1,700 feet thick and are predominantly characterized by pale 

yellow-brown sandstone and siltstone, light gray cherty limestone, white 

chalky marlstone and volcanic ash. A thin layer of Quaternary alluvium 

overlies the Tertiary sediments along the floodplains. The alluvium is uncon

solidated, interbedded silts, sands and gravel derived from reworked Tertiary 

and Precambrian material from the highlands. 

Cross-sectional profiles showing the interbedded sediments of the North 

Park Formation and the depth to the Precambrian basement are given in 

Appendices A and B. Drillers' logs show a discontinuous sequence of gravel, 

sand, and clay although field observations and communication with water well 

drillers suggest that these sediments may include weakly consolidated 

sandstone, siltstone and shale. The upper surficial layer of the North Park 

formation consists of locally transported sediments derived from older sedi

ments of the North Park and, in certain areas, of weathered Precambrian 

material. In addition, late Tertiary terrace deposits composed of cemented 

calcareous conglomerates and Tertiary-Quaternary alluvial fan and slope wash 

material also comprise this surficial layer. Surficial material overlying 

areas where the Precambrian rocks are near the surface are derived from these 

rocks. The thickness of the surficial layer of the North Park formation is 

variable, probably averaging 40 to 60 feet and very gradually grades into 

weathered Precambrian material on the high upland slope (left side of 
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Appendix A) or into interbedded sand, gravelly mud, sandstone and mudstone, 

e.g., Municipal well site in Riverside (see Chapter VI). 

Field observations and data from additional drillers' logs in the area 

indicate that the depth to the Precambrian boundary is highly variable. This 

may be due to a fracture system within the Precambrain granite forming the 

valley and to differential erosion during the time that the North Park sedi

ments were deposited. An example of the irregular surface of the Precambrian/ 

Tertiary boundary is indicated by the well logs near the towns of Encampment 

and Riverside. The range of depths include: 6 to 362 feet in Riverside, 50 

feet near Encampment, 50 feet 1 mile southeast of Riverside, and 76 feet one

half mile northeast of Riverside. Within this same vicinity, Precambrian gra

nite outcrops along Highway 230 about one and one-quarter miles east of 

Riverside. Other wells in the area did not encounter bedrock within 150 feet. 

The test hole drilled during this project (see Chapter VI) encountered bedrock 

at 362 feet. These data suggest that the Precambrian surface underlying this 

area is steeply dipping and highly erratic. 

The Quaternary landform occurring along the flood plain of the Encampment 

River (Figure 2.3) is nearly level in contrast with the sloping or slightly 

hummocky uplands of Tertiary sediments and Tertiary-Quaternary fan and slope 

wash material. A typical sequence of sediments consists of: 

- silty loam (surface soil) 

- very fine sands with mud lenses 

- black organic rich mud (muck) 

- interbedded sand and mud 

cobbles with gravel (buried river sediments) 
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III. HYDROGEOLOGIC SETTING 

3.1 Regional and Local Groundwater Table 

The two principal geologic formations in the area are the Precambrian 

rock and the North Park aquifer. Availability of water within the Precambrian 

rock depends upon the number of faults and fissures present. These features 

act as conduits for groundwater flow through such impermeable formations. 

Unlike the solid rock formation, water flows through an aquifer such as the 

North Park by moving in the interstitial space of the porous medium which 

allows the presence of water to be widespread. 

A mapping of the water table surface is analogous to a topographic 

mapping of the ground surface. In the former case, the contours represent 

lines of equal water surface elevation. Data obtained from the Wyoming State 

Engineer's Office provided the basis for projecting water table elevations 

beneath Riverside and the surrounding area. A piezometric map for the 

Riverside area was produced during Phase I of this study and its modified ver-

sion is presented in Figure 3.1. 

to follow the surface topography. 

In general, the groundwater contours appear 

Modifications to the original map were made 

to account for the fact that the Encampment River is a losing stream. This 

fact is based on an analysis completed during Phase I which indicated a 

decrease in discharge per unit area between two Encampment River gages, 

upstream and downstream of Riverside, which couldn't be accounted for by the 

difference in precipitation and subsequent runoff between the two locations. 

The hypothesis was verified by stream-aquifer seepage measurements taken in 

the Encampment River by SLA staff May 11, 1982. A negative hydraulic gradient 

existed, which confirmed that water was flowing from the river into the adja

cent aquifer. Had the river proved to be gaining water from the aquifer, con

tour lines would have been pointing upstream as they crossed the river. 

Seasonal fluctuations ~n the water table elevation can be affected by the 

presence of surface water bodies. In Riverside, the major seasonal source is 

the Encampment River, which is generally a losing stream. In months of low 

flow, the water table levels off and the water is lost from the river at a low 

rate. In periods of high flow, the river has greater head to drive water into 

the alluvial deposits, thus a large amount of surface water is lost to ground

water. The rising water table affects groundwater levels not only within the 

alluvium, but also affects water entering the surrounding aquifer. Another 

contributing source of seasonal water table flucutation is the irrigation 
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ditch which runs between First and Second Streets in Riverside (see Figure 

1.3). The canal is located just inside the 100-year flood plain, and is in 

operation from June to September, annually. The seepage from this ditch 

increases the groundwater level, but the influences are probably only felt 

about 150 feet to 200 feet either side of the source. Local fluctuations in 

the piezometric surface near Riverside may also occur due to the presence of 

Badger Creek, individual septic systems and the sewage ditch coming from 

Encampment on the west side of town. 

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. Because 

groundwater recharge is an intermittent and irregular process, only prolonged 

periods of heavy precipitation supply large quantities of water to an aquifer. 

However, a large amount of precipitation is intercepted {e.g. by 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. 

The specific recharge mechanisms for the near surface aquifer at 

Riverside (in order of importance) are: precipitation and snowmelt on areas 

up gradient of the town, the Encampment River, the irrigation ditch through 

town, Badger Creek, the sewage ditch from Encampment, and individual septic 

systems. 

Recent field measurements of stream-aquifer seepage in the Encampment 

River indicate that the river is recharging the alluvial aquifer. However, 

these same types of measurements, taken along the western portion of Riverside 

in Badger Creek, reveal that the near surface aquifer is discharging water to 

the creek. Thus, it is concluded that the study area is generally an area of 

groundwater recharge with isolated locations exhibiting characteristics of 

groundwater discharge. This fact is reinforced by the geochemical analyses 

presented in Chapter V. 
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IV. PHYSICAL AND HYDROLOGIC PROPERTIES 

4.1 General 

The quantity of water yielded to wells by water-bearing materials and the 

water transmitting capability of hydrogeologic formations depend upon the phy

sical and hydrologic properties of the materials within the formation. During 

Phase I, the general physical and hydrologic properties of the North Park for

mation near the Riverside region were used as a baseline to estimate the local 

groundwater parameters and determine the characteristics of groundwater motion 

in the study area. These general properties included the geologic formation, 

hydraulic conductivity, coefficient of permeability, storage coefficient, and 

specific capacity of wells in the vicinity of Riverside and are tabulated in a 

recent study by Richter (1981). 

Pump test data from well logs supplied by the Wyoming State Engineer's 

Office were used in an analysis identifying specific aquifer hydraulic parame

ters. Preliminary pump tests of existing water wells in Riverside provided 

initial estimates of the shallow aquifer characteristics. The outcome of the 

Phase I analysis determined that an adequate municipal water supply was 

locally available. 

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

This eftort aLso included a more detailed analysis of the shallow aquifer 

characteristics identified in Phase I. The results of this analysis are pre

sented and compared with the Phase I estimates in Chapter VI. 

4.2 Phase I Estimates of Local Groundwater Parameters 

The general physical and hydrologic properties of the North Park for

mation near Riverside 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 four logs of wells in the study area were 

also used. Calibrated parameter values were obtained using the nonequilibriurn 

(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. 

Pump tests of two wells within the city limits of Riverside were con

ducted to obtain aquifer characteristics of the shallow groundwater aquifer 

from which Riverside expects to extract water. The pump tests substantiated 

the fact that a high degree of heterogeneity exists within the shallow aquifer 
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Table 4.1. Physical and Hydrologic Properties of the North Park 
Formation near Riverside. 

Specific Hydraulic 
Location Geologic Capacity Conductivity permeabi~ity Storage 
of Well Formation (gpm/ft) (ft/day) (gpd/ft ) Coefficent 

16-83-20aa North Park 
Ron #1 Formation 9.6 10.9 84 0.01 

16-83-20aa North Park 
Ron #2 Formation 11 23.1 170 0.0015 

16-83-20aa North Park 7.2 6.6 50 0.01 
Lam #1 Formation 



Table 4.2. Results of Nonequilibrium Analysis at Riverside. 

Discharge Duration Well storage Permeability Transmissivity Drawdown 
Q T Diameter Coefficient K T A 

Name of Well (gpm) (hrs) (in) S (gpd/ft2) ( gpd/ft) (ft) 

Log Tavern 
In. #1 20 4 9 0.0040 14.5 696 37 

~ . 
E. B. Carpenter 5 0.75 8 0.0085 2.5 75 62 w 

No. 1 

FJ #1 6 3 8 0.0040 4.0 84 78.7 

Wise & Finch 5 3 8 0.0050 7.5 52.5 95 
No. 1 
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in the study area. The estimate of aquifer transmissivity was 400 ft
2
/day and 

the value for hydraulic conductivity was 10 feet/day. These high values exist 

on the west end of town. Between this region and the Encampment River, the 

aquifer is very tight. For complete details of these pump tests, refer to the 

interim report for this study. 



v. WATER QUALITY 

5.1 Introduction 

5.1 

The Riverside area appears to have three main bands or sections which 

possess distinct hydrogeologic characteristics. The first band is comprised 

of the alluvial deposits. This loosely compacted material is highly permeable 

allowing groundwater to move easily through the interstices. However, 

directly beneath the center section of Riverside is a deep aquifer band of 

very low permeability. Water moves through this band at a much slower rate. 

The western sector of Riverside overlies the third aquifer band which is also 

highly permeable. The water quality of each band tends to correspond with the 

respective hydrogeologic properties. 

5.2 Water Quality of Representative Wells 

Several water samples were taken from wells in the Riverside area and 

chemically analyzed (Appendix C). Three wells were cited (wells 9, 24, and 

35, Figure 1.3) depicting the water quality of each geologic band. The new 

Miller well (well 35) is in the central portion of town. Results from the 

chemical analysis revealed high fluoride and sodium concentrations of 10.8 

mg/l and 150 mg/l, respectively. The water was very basic with a pH of 9.4. 

Mrs. Nutter's well (well 24) is located downgradient at the edge of the allu

vium. This water has a pH of 8.2 and fairly high fluoride and sodium levels 

of 6.6 mg/l and 130 mg/l, respectively. On the western section of town, water 

quality in the Wyant well (well 9) is even more distinctive. This water has a 

much lower fluoride concentration of 0.9 mg/l and a relatively low sodium 

level of 51 mg/l. The water has a pH of only 7.5. It has a relatively high 

calcium level of 120 mg/l. Table 5.1 summarizes the major cation and anion 

concentrations for these three wells in comparison to the Encampment River 

south of Riverside and the corresponding primary drinking water standards 

(EPA, 1976). 

5.3 water Quality of Local Banding 

As seen in Table 5.1, the primary drinking water standards for both 

sodium and fluoride have been exceeded in two of the wells. The New Miller 

Well in the low permeability band has the highest levels of these two ele

ments. The high fluoride content results from fluoride minerals in the 

Precambrian rock upgradient of Riverside and is occasionally found in ground-



Cations/ 
Anions 

F-

Na+ 

Ca+ 

pH 

5.2 

Table 5.1. Major Cations and Anions for Three Wells and 
Encampment River. 

New 
Miller Nutter Wyant Encampment 

Well Well Well River Standards 

10.8 mg/l 6.6 mg/l 0.9 mg/l 0.3 mg/l *1.4-2.4 mg/l 

150.0 mg/l 130.0 mg/l 51.0 mg/l 4.0 mg/l **20-110 mg/l 

36.0 mg/l 8.8 mg/l 120.0 mg/l 13.0 mg/l 

9.4 8.2 7.5 7.7 

*depending on temperature 
**maximum level for people with heart trouble or on a low sodium diet 
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water with high pH values. High concentrations of fluoride are indicative of 

long residence times of groundwater which is a cornmon trait in aquifer bands 

with low permeabilities. The high sodium content is characteristic of a 

discharge area. Salts accumulate following the evaporation of infiltrated 

rainfall with sodium being the dominate cation in the profile. The water 

quality in the Nutter Well indicates a mixing zone. Since the well is located 

downgradient of the low permeability band and is also at the edge of the allu

vium, it appears the river water is mixing to dilute the high sodium and 

fluoride levels in the groundwater. This is illustrated by the drop in con

centrations from the New Miller Well to the Nutter Well and on to the river. 

The aquifer band containing the Wyant well produces a water of better 

quality. Both the sodium and fluoride levels are well within the given stan

dards. With a slightly basic pH value and a high calcium level, the ground

water is representative of a recharge area. Results of the pump test per

formed on this well showed that the aquifer behaved as though unconfined at 

this point. The higher perrneabilities of this unconfined aquifer band suggest 

that the aquifer is subject to more surface control compared to less permeable 

aquifers. Therefore, better quality water with a shorter residence time would 

be expected. 

In developing an adequate municipal water supply for Riverside, the 

quality of the developed water is as important as the quantity. Therefore, 

serious consideration was given to water quality in the selection of the most 

attractive water supply development alternative discussed in the following 

section. 
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VI. WATER SUPPLY DEVELOPMENT 

6.1 Introduction 

Based on our interpretation of the available data and discussions with 

the major of Riverside and local residents, three water supply development 

alternatives were considered. A listing of the three alternatives is as 

follows: 

Alternative 1: Utilize the existing fire hydrant well. 

Alternative 2: Drill, finish and test a new well and two observation 
wells in the North Park aquifer on the west side of 
Riverside. 

Alternative 3: Purchase water from Encampment and pump it northeast to 
Riverside. 

Alternative 2 was selected by the WWDC as the most feasible approach. The 

location is (1) ideally suited for a water storage tank, (2) upgradient of the 

sewage ditch and the gas plume, (3) isolated from local septic tank and leach 

field systems, and (4) not within the alluvium or the 100-year flood plain. 

In the following discussion, the drilling and development of the produc

tion well and nearby monitoring wells are described. Results of the pump test 

and overall conclusions regarding expected capacity of the water supply for 

municipal use are discussed. 

6.2 Test Hole Drilling Data 

During the exploratory drilling phase of this study, a test hole was 

drilled at the most favorable location. This test hole, located at the north

west corner of Riverside and Ninth Street (lots 13 to 16, block 12) was 

drilled on June 18, 1982 (TH1 well on Figure 6.1). The purpose of the test 

hole was to determine whether water of sufficient quality and quantity existed 

at this location, to provide information for the design and completion of the 

production well, and to serve as an observation well during the final pump 

test. The well was drilled to a depth of 140 feet using an air rotary 

drilling rig. Near surface water was encountered in a zone from about 20 to 

40 feet, but the yield was considered negligible (estimated to be less than 

1/2 gpm). At a depth of 70 to 80 feet, a significant water bearing zone was 

encountered. Water yield was estimated to be 30 gpm using air lift tests. 

Below this zone, various water-bearing lenses were penetrated to a depth of 
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140 feet. At this depth the total water yield was estimated to be 50 gpm and 

drilling was terminated because the results of the air lift tests (Appendix D, 

Table D.1) meet the supply required by the town of Riverside. 

During the drilling of this test hole, water quality samples and drilling 

chips were collected and analyzed. The water quality samples were tested on

site for electrical conductivity (EC), pH, and temperature. Table D.2, 

Appendix D, presents the water quality data. The drilling chips were 

collected at ten-foot intervals or at every noticeable change in lithology. 

These chips were analyzed and provided the basis for the simplified hydro

geologic log presented in Appendix E. Included in the log is a description of 

the air rotary drilling method, geologic units encountered, and casing and 

packing materials utilized in completing the test hole. The geologic sequence 

and water bearing zones are similar to that of the driller's log of existing 

wells near Badger Creek (Appendix A) except that the test hole encounters a 

thicker sequence of sands, muddy sands and gravels to a depth of 140 feet. 

The static water level of the test hole was measured to be approximately 37 

feet below the top of the casing, indicating the aquifer is confined or at 

least semiconfined. A completion schematic of this well is provided in Figure 

6.2. 

Two-inch Schedule 40 PVC pipe was placed to a total depth of 98 feet in 

the well. The lower 42 feet of the hole had caved before placement of the PVC 

casing could be accomplished. The PVC pipe was perforated from a depth of 42 

feet to 98 feet so that the test hole could be used as an observation well for 

the pump test performed after the production well was completed. The well 

annulus was backfilled with 1/4-inch gravel and the well was sealed with 

cement grout and bentonite to a depth of 13 feet to prevent -surface water 

contamination. 

Another test hole was drilled 58 feet downslope from the production well 

location on July 14-15, 1982 (GS well, Figure 6.1). The surface elevation was 

approximately eight feet lower than the production well. The well was drilled 

to bedrock and subsequently logged by the U.S. Geological Survey using geophy

sical instrumentation. The stratigraphy logged in this drill hole is pre

sented in Appendix A. Bedrock was encountered at 362 feet. The upper 145 

feet of sediment were very similar in texture and degree of consolidation com

pared to test hole 1. From 145 to 362 feet, the strata was consistently 

harder to drill and clean sand and gravel were encountered which were inter-
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bedded with clay, clayey gravels, sands, and muds, and highly weathered to 

moderately weathered granitic material. A uniform medium red sand and gravel 

zone was observed at a depth of approximately 145 to 160 feet. Assuming that 

this sand zone is continuous and horizontal, it would have been encountered in 

the production well at a depth of about 153 to 168 feet. This information was 

not available at the time of completion of the production well. 

At about 362 feet, the rock material was much more consolidated and the 

drill sample consisted of slightly weathered biotite-hornblende granite with 

little or no clay. This is interpreted to be the top to the bedrock surface 

at this location (see Appendix A). 

This second test hole was left open to be used as an additional obser

vation well during the aquifer test. Because the hole was drilled con

siderably deeper than the production well and was left open over the entire 

depth, the well did not provide a useful observation point during the aquifer 

test. 

6.3 Production Well Development 

Analysis of the data in Appendix D suggested that the lower water bearing 

zone would be a satisfactory zone to develop because the quantity and quality 

of the water is good and it is probable that interconnected water from over

lying zones will contribute to the discharge water. Hence, excessive drawdown 

may be avoided. 

The production well was drilled on July 14, 1982, at a site 15.8 feet 

south of the first test hole (Figure 6.1). The well was drilled to a depth of 

142.7 feet using an air rotary drill. A geologic description of the drilling 

chips at this site is given in Appendix F. It is important to note that dif

ferences in the stratigraphic descriptions of this drill hole and the test 

hole (Appendix E) are due to the effects of the diameter of the bit upon the 

rock samples. The test hole was drilled with a 6-1/4" bit and the rocks and 

sediments were drilled through quite rapidly (six to seven minutes per 20 

feet). The resulting rock chips were well pulverized compared to the produc

tion well chips, which were more intact because larger bits (14-7/8" and 10" 

bits) were used and drilled at a somewhat slower rate (around ten minutes per 

20 feet). Consequently, the geologic log of the production well which indi

cates granitic gravelly conglomerate and sandstone at depth is probably a more 

realistic description of the lithologies encountered. 
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The first water-bearing zone was encountered between 40 and 50 feet in 

sands and gravelly sands. The geologic log indicates that interconnected 

aquifers with thin clayey layers extend to 143 feet. 

A schematic of the well completion is illustrated in Figure 6.3. 

Initially the hole was drilled to a depth of 40 feet with a 14-7/8" tricone 

bit for placement of the surface casing. Forty-two feet of 10-3/8" 1.0., 

0.188-inch wall thickness steel surface casing was set to a depth of approxi

mately 39.5 feet. The surface casing was sealed from ground surface to 39.5 

feet with a cement-water grout poured down the annulus. Next, a ten-inch tri

cone bit was used to drill to the completion depth of approximately 143 feet. 

Twenty feet of six-inch, 30-slot Johnson PVC well screen was set from 122.1 to 

142.1 feet. Nominal six-inch diameter (5.748 inch 1.0., SDR 17) ABS well 

casing was used as the liner casing. The 10/20 gravel pack was then placed 

around the screen and up to approximately 30 feet above the screen by intro

ducing the gravel pack (effective size of 1.0 mm and uniformity coefficient of 

1.5) into the well annulus with the addition of clean, chlorinated water. Pea 

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

seal. Bentonite was used instead of cement to provide a flexible low per

meability seal since placement of pumps or equipment in the well may move the 

ABS casing and flex the seal. 

Well development was achieved by rapid bailing of the well. Since the 

well was drilled with air, less development was required since the water

bearing formation is not affected by ~he drilling fluid and a wall cake was 

not formed. Proper well development increases the permeability of the for

mation immediately surrounding the well and stabilizes the gravel pack and 

natural formation so that the well will produce silt-free water at maximum 

yield. Development was checked by periodically sampling the water discharging 

from the well and noting the amount of sand and silt present. Development was 

continued until the samples were free of sand and silt. 

6.4 Pump Test Analysis and Results 

Personnel from Water, waste and Land, Inc. (~~) performed a pumping test 

on the production well from August 17 through August 20, 1982. The pump and 

all supporting equipment were supplied by WWL. The pump employed, a Grundfos 

SP10-7 submersible, which is capable of supplying 50 gpm against a total head 

of about 140 feet. Discharge was regulated by means of a valve placed in the 
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discharge line. The pump was set to a depth of 120 feet below ground surface 

on the evening of August 17 and the discharge lines were filled. The pump 

test was initiated at 8:00 a.m. on August 18 and pumping continued for a 

period of 48 hours. During the pumping test, discharge was measured using a 

totalizing flow meter and the well was pumped at four different rates. Draw

down was measured in the production well and in both observation wells (TH1 

and GS test hole). Upon cessation of pumping, recovery water levels were 

monitored until the production well had recovered to 98 percent of the static 

water level. 

Appendix G. 

All data obtained during the pumping test are presented in 

Total drawdowns observed were 74.8 feet, 1.73 feet, and 1.58 feet 

in the production well, TH1, and GS test hole, respectively. 

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

unknown prior to the performance of 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 four pumping rates was 

utilized in the step-drawdown 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 on Figure 6.4. As these data indicate, drawdown approach

ing equilibrium levels occurred relatively quickly each time the discharge was 

increased. 

Table 6.1 contains the results of the four step test conducted on the 

production well at Riverside. These data were fitted by standard regression 

techniques to the equation (Todd, 1959): 

n 
s = BQ + CQ (6. 1 ) 

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

determined so that 

2 
s = 1.66Q + 0.193Q (6.2) 

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

Equation 6.2 fits the observed data is shown in Figure 6.5. The fit is con-
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Table 6.1. Step-Drawdown Results. 

Ela,Esed Time 
Average 

Step Start Stop Discharge Drawdown 
No. (HH:MM:SS) (HH:MM:SS) (gmp) (ft) 

1 0:00:00 1:30:00 7.92 27.7 
2 1:30:00 3:00:00 12.87 51.9 
3 3:00:00 3:55:00 13.81 57.5 
4 3:55:00 48:00:00 15.41 74.8 
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sidered to be good and it is concluded that Equation 6.2 will yield accurate 

estimates of drawdown at discharges up to about 20 gpm. Depending on the 

depth at which the pump is eventually set, there will be approximately 85 feet 

of useable drawdown. Equation 6.2 or Figure 6.5 indicates that a maximum 

sustained discharge of about 17 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 Band C have the physical significance just described for 

wells that fully penetrate a confined aquifer. Because the well at Riverside 

only partially penetrates the aquifer and extremely leaky conditions were 

noted during the pump test, 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 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 6.4 indicate, 

the drawdown versus time curve becomes very flat at large time values. 

Generally, this is indicative of leaky, confined aquifer conditions. The 

nature of the cuttings observed durin9 the drilling of the well, e.g. a large 

degree of stratification with alternating shale and sand layers, further rein

forces the observation that leaky conditions probably exist at the site. 

Although standard nonequilibrium methods (Theis) of analysis were attempted, 

the leaky conditions precluded obtaining meaningful results. 

The best method of analysis for the pump test performed at Riverside is a 

method presented by Hantush (1956). This method allows data obtained from 

pumping tests performed on leaky, artisian aquifers to be analyzed. This ana

lysis is presented in detail in Appendix G. The results of this analysis are 

presented in Table 6.2. 

It is concluded that the transmissivity of the aquifer is about five 

square feet per day, which is relatively small and indicates a fairly tight 

aquifer. On the other hand, the storage coefficient of 0.07 is large for 

aquifers of the type encountered at the Riverside site. The leakage param-



-+-> 
4-

V') 

".. 

C 
~ 
0 
-0 
~ 
t'd 
!.... 

0 

6.12 

90 

80 

0) 

70 

60 

50 

40 

30 

1.66Q + 0. 193Q2 

20 

o - observed data point 
10 

O~~--~--~--~~--~---L--~--~~~~--~--~--~~~~--~ 
o 5 10 

Discharge, Q (gpm) 

15 

Figure 6.5. step drawdown test results. 

Water, Waste £. L and Inc. 
CONSULTING ENGINEERS So SCIENTISTS 

Or. by: AD Scale: 

Project no. 1641 Dote: 9/82 



6.13 

Table 6.2. Calculated Aquifer Parameters. 

Delta Measured Measured 
Step Q Delta Time Drawdown Transmissivity Storage 

No. Qi s ti si T Coefficient 
i (gpm) (ft) (min) (ft) (sq ft/day) S 

1 7.92 27.7 90 27.7 8.1 0.075 
2 4.95 24.2 180 51.9 5.8 0.085 
3 0.94 5.6 235 57.5 4.8 0.076 
4 1.60 17.3 2880 74.8 1.4 0.049 
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eters of 0.5 to 1.0 are quite large and indicate that most of the water being 

delivered to the well is a result of leakage from aquifers above or below the 

aquifer in which the well is completed. Because of the relatively high stor

age coefficients and leakage parameters, it is believed that the well can 

safely produce 15 gpm for sustained periods in spite of the fact that the 

transmissivity is relatively small. 

6.5 water Quality of Production Well 

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

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

pH, Ee, total dissolved solids, hardness and radiological contamination (gross 

alpha, gross beta and radium 226). Results of the analyses are provided in 

Appendix H. 

In general, the water quality of the production well is very good. The 

high levels of sodium and fluoride found in wells throughout Riverside are 

absent in the water produced from the production well. In addition, the 

measured value of total dissolved solids [indicated as Residue on Evaporation 

(ROE)] is well below the maximum drinking water standard of 500 mg/l. 

The results of the radiological analysis indicated that there was no evi

dence of contamination of the well water resulting from radioactive elements. 
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VII. PERMITTING 

During this investigation, three permits for groundwater appropriation 

were submitted to the Wyoming State Engineer's Office. The permit numbers are 

U.W. 61403, U.W. 60488 and U.W. 61400. All necessary fees have been paid in 

regard to these perIni ts. 

Two of these permits were obtained for pump testing of the production 

well and for conducting a geophysical log. We intend to abandon both test 

holes and will plug or f ill the holes properly in order to prevent con

tamination of groundwater. Both wells will be covered at ground level. Form 

U. W. 6; "Statement of Completion and Description of Well" will be submitted in 

accordance with the procedures established by the Wyoming State Engineer's 

Office. 

The production well, Permit U.W. 61403, is not considered a completed 

well until a pumping facility is installed and the water put to beneficial 

use. Forms U.W. 6 and U.W. 8 (Proof of Appropriation and Beneficial Use of 

Groundwater) for this well will be submitted by the Mayor of Riverside or his 

representative. Staff members of SLA will provide the information and 

assistance necessary to complete these forms, if needed. 
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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 Riverside's current and projected needs. Based on the results and 

recommendations of the Phase I investigation, test holes were drilled in the 

most suitable aquifer and a production well developed during Phase II. 

The location of the production well is ideally suited for future develop

ment of a municipal water supply system. It is up gradient of the Encampment 

sewage ditch and other possible septic contamination and also outside the 

100-year floodplain. More important, the elevation of lots in block 12 is 

higher than the majority of lots in Riverside making it an ideal location for 

a municipal water storage tank. Therefore, a number of strategically placed 

pumps will not be needed to transfer water from the production well to the 

water storage tank. 

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

tified in the underlying aquifers. A summary of the data collected in these 

three water bearing zones of the North Park formation is given in Table 8.1. 

The water bearing zone from 120 to 140 feet was chosen for development for a 

number of reasons. First, there was adequate water discharge to satisfy the 

needs of the town. Second, this lower zone offered the best water quality and 

a very limited potential for contamination from surface or near-surface 

sources. Third, developing at this depth allowed for an increase in drawdown 

potential resulting in a larger sustained discharge. Lastly, there was a 

possibility for mixing of additional water from the two upper water bearing 

zones. 

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

tion well provides the sustained water yield (17 gpm) needed to satisfy the 

water requirements for Riverside. Based on a sustained yield of 17 gpm, the 

population projections provided in Chapter I and maximum daily usage of 170 

gpcd, Figure 8.1 was developed to reflect the projected water usage to the 

year 2000. This figure verifies that the production well will provide the 

necessary quantity of water. If the population of Riverside increases at a 

rate greater than estimated or the maximum daily usage is greater, an addi

tional municipal well will be needed. For example, if the maximum daily usage 
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Table 8.1. Potential Aquifer Completion Zones in the North Park Formation. 

Depth 

70- 80 

80-120 

120-140 

Stratigraphy 

Interbedded gravelly sand 
and mudstone. 

Red-brown sand, sandstone 
and granitic conglomerate 
with thin bentonitic clay 
layers. 

Brown sandstone, gravelly 
sand & granitic conglomerate 
with thin gray clay layers 

*EC - electrical conductivity 
TDS - total dissolved solids 
Q - discharge 

Weighted Average Values From 
Each Particular Zone* 

pH llmhos/cm ppm gpm 

7.7 550 350 30 

8.3 480 300 8 

8.1 535 340 12 
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increases to 300 gpcd while the population follows the projection in Chapter 

I, Figure 8.2 reveals that an additional supply of 5520 gallons per day or 5.8 

gprn will be needed by the year 2000 and a new well should be drilled in 1990. 

The water quality of the production well is very good. Although slightly 

high in pH, the water in the production well is soft and well below the pri

mary drinking standards in total dissolved solids, fluoride and sodium. Also, 

there is no evidence of radiological contamination in the water. 

In conclusion, the outcome of this study provided the WWDC with infor

mation concerning the local groundwater aquifers in the vicinity of Riverside 

and also provided the City of Riverside with a potable water supply source. 

The next step in providing a municipal water supply system would be to obtain 

funding for the water supply development. In that regard, this report will 

also serve to justify the need of a water supply system and provide documen

tation for the town representatives in their search for the necessary funds. 
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GEOLOGIC CROSS SECTION A-A' FROM FIGURE 2.2 

APPENDIX B 

GEOLOGIC CROSS SECTION B-B' FROM FIGURE 2.2 
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WATER QUALITY OF SELECTED WELLS 
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Table e.l. Water Quality Analysis for Wyant Well, Well 9. 

WDA·287 07189 WATER ANALYSIS 
Wyoming Department of Agriculture 

Division of Laboratories 

OWNER OR USED 

ADDRESS 

P. O. Box 3228. University Station 
Laramie. WY 82071 

STI-10NS, LI & ASSOCIATES 

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

LAB NO. 2-2709 

SOURCE _____ W_e_l_l_tf_9_w-¥e-s-t ___ W~y:...:.a.~Il~.f:.=__ __ LOCATION ________________ _ 

DESCRIPTION 

DATE COLLECTED _A_p_r_i_l_2_2_,_19_8_2 _____ __ 

CATIONS 

Calcium 

Magnesium 

Sodium 

Potassium 

Total Cations 

meq/1 

6.04 

L12 

2.22 

0.07 

9.45 

E.P.A. 
STANDARD 

Ammonia 

Boron 

C.O.D. 

Conductance (umho/cm2) 

Cyanide 

Hardness (as CaCO:J 

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:J 

Total Carbonate 

Total Kjeldahl Nitrogen 

Turbidity (N.T.U.) 

Oil & Grease 

Chloroform 

Bromodichloromethane 

Chlorodibromomethane 

mgtl 

120 

14 

51 

2.8 

FOUND mg/1 

7.5 

600 

230 

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 

Silvex 

Toxaphene 

2,4·0 

April 23, 1982 

meq/1 

0.00 

4.50 

3.27 

1.45 

0.06 

0.05 

9.33 

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 

Total Coliform/lOamI MF 

mgtl 

0.0 

270 

160 

52 

3.7 

0.9 

FOUND mg/1 

1 ess 11 

Bromoform 

Date May 6, 1982 ~7/1~~ 
(Director) 

Laboratory Fee $ 37. 00 (Paid) (Charged-to be billed monthly) 

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

Cheyenne, WY 82002 
mcj dja 
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Table C.2. Water Quality Analysis for New Miller Well, Well 35. 

WDA·2t7 07190 WATER ANALYSIS 
Wyoming Department of Agriculture 

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

Laramie, WY 82071 

LAB NO. 2-2675 

OWNER OR USED 

ADDRESS 

SINONS, LI & ASSOCIATES 

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

SOURCE _____ N_i_l_l_e_r_n_e_w_w_e_l_l ______ LOCAT10N ________________ _ 

DESCRIPTION 

DATE COLLECTED 

CATIONS 

Calcium 

Magnesium 

Sodium 

Potassium 

Total Cations 

meq/1 

1.77 

0.05 

6.64 

0.06 

8.52 

E.P.A. 
STANDARD 

Ammonia 

Boron 

C.O.D. 

Conductance (umho/cm2) 

Cyanide 

Hardness (as CaCO~ 

M.B.A.S. 

Nitrate-N (N03 + N02 as N) 

Nitrite 

pH 

Phenols 

Phosphate Ortho-Total 

ROE (180 0 C) 

Silica 

Sodium (%) 

Solids, Suspended 

Solids, Total 

Solids, Volatile 

Sulfide 

Total Alkalinity (as CaCO~ 

Total Carbonate 

Total Kjeldahl Nitrogen 

Turbidity (N.T.U.) 

Oil & Grease 

Chloroform 

Bromodichloromethane 

Chlorodibromomethane 

Bromoform 

Date tray 6, 1982 

mgl1 

36 

0.7 

150 

2.5 

FOUND mg/1 

9.4 

540 

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 

Silvex 

Toxaphene 

2,4-0 

April 21, 1982 

meq/1 

0.10 

1.05 

2.40 

4.86 

0.00 

0.57 

8.98 

E.P.A. 
STANDARD 

0.05 

1.0 

0.Q1 

0.05 

0.05 

0.002 

0.01 

0.05 

0.0002 

0.004 

0.1 

0.01 

0.005 

0.1 
Petroleum odor 

mg/1 

3 

64 

120 

170 

0.2 

10.8 

FOUND mg/1 

< 0.005 

Positive 

Pf>t':"aleum b~T Gas Chromatography Ne;;ntivc 

(Detection limit 7 ppm) 

Laboratory Fee $ 42. 00 (Paid) (Charged-to be billed monthly) 

Please make checks payable to: 

mcj rdr 

Wyoming Department of Agriculture 
2219 Carey Avenue 

Cheyenne, WY 82002 
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Table C.3. Water Quality Analysis of Encampment River South of 
Riverside. 

WDA·2I7 07165 WATER ANALYSIS LAB NO. 2-2548 
Wyoming Department of Agriculture 

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

Laramie, WY 82071 

OWNER OR USED SH1ONS, LI & ASSOCIATES, INC. 

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

SOURCE ____ G.::..::..ro::::..u.:::;n::.d.:::;w.:.:.a=te=.r-==--\.:.:..Je=.l:::.;l=---______ LOCATION Ri ve rs ide 

DESCRIPTION Encampment River South of Riverside 

DATE COLLECTED April 6, 1982 

CATIONS meq/1 

Calcium 0.62 

Magnesium 0.62 

Sodium 0.17 

Potassium 0.01 

Total Cations 1 42 
E.P.A. 

STANDARD 

Ammonia 

Boron 

C.O.D. 

Conductance (umho/cm 2) 

Cyanide 

Hardness (as CaCO~ 

M.B.A.S. 

Nitrate-N (N03 + N02 as N) 

Nitrite 

pH 

Phenols 

Phosphate Ortho·Total 

ROE (180 0 C) 

Silica 

Sodium (%) 

Solids, Suspended 

Solids, Total 

Solids, Volatile 

Sulfide 

mg/1 

13 

7.6 

4.0 

0.5 

FOUND mg/1 

7.7 

64 

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 

Silvex 

Toxaphene 

April 7, 1982 

meq/1 

0.00 

1.25 

0.05 

0.11 

0.00 

0.01 

1.~2 

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 Total Alkalinity (as CaCO:J 

Total Carbonate 2,4·0 0.1 

Total Kjeldahl Nitrogen 

Turbidity (N.T.U.) 

Oil & Grease 

Chloroform 

Bromodichloromethane 

Chlorodibromomethane 

Bromoform 

Date April 16, 1982 

Total Coliform per 100 ml MF 

Laboratory Fee $ 25.00 (Paid) (Charged-to be billed monthly) 

Please make checks payable to: 

mcj dja 

Wyoming Department of Agriculture 
2219 Carey Avenue 

Cheyenne, WY 82002 

mg/1 

0.0 

76 

2.5 

4.2 

0.1 

0.3 

FOUND mg/1 

9 
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Table C.4. Water Quality Analysis for Nutter Well, Well 24. 

WDA·2S7 07168 WATER ANALYSIS 
Wyoming Department of Agriculture 

Division of Laboratories 

OWNER OR USED 

ADDRESS 

P. O. Box 3228, University Station 
Laramie, WY 82071 

SIMONS, LI & ASSOCIATES, INC. 

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

LAB NO. 2-2553 

SOURCE LOCATION _______________ _ 

DESCRIPTION Mrs. Nutter well 

DATE COLLECTED April 6, 

CATIONS meq/1 

Calcium 0.43 

Magnesium 0.51 

Sodium 5.65 

Potassium 0.02 

Total Cations 6.61 

E.P.A. 
STANDARD 

Ammonia 

Boron 

C.O.D. 

Conductance (umho/cm2) 

Cyanide 

Hardness (as CaCO:J 

M.B.A.S. 

Nitrate-N (N03 + N02 as N) 

Nitrite 

pH 

Phenols 

Phosphate Ortho-Total 

ROE (180 0 C) 

Silica 

Sodium (%) 

Solids, Suspended 

Solids, Total 

Solids, Volatile 

Sulfide 

Total Alkalinity (as CaCO:J 

Total Carbonate 

Total Kjeldahl Nitrogen 

Turbidity (N.T.U.) 

Oil & Grease 

Chloroform 

Bromodichloromethane 

Chlorodibromomethane 

Bromoform 

Date April 16, 1982 

1982 

mgl1 

8.8 

6.3 

130 

0.8 

FOUND mg/1 

8.2 

420 

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 

Silvex 

Toxaphene 

2,4-0 

April 

meq/1 

0.00 

1.77 

2.02 

2.16 

0.01 

0.35 

6.31 

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 

7, 1982 

mgl1 

0.0 

110 

97 

77 

0.8 

6.6 

FOUND mg/1 

~l" 7l!7ii1Lv ( nee or) 

Laboratory Fee $ 23. 00 (Paid) (Charged-to be billed monthly) 

Please make checks payable to: 

mcj 

Wyoming Department of Agriculture 
2219 Carey Avenue 

Cheyenne, WY 82002 
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Table C.S. Water Quality Analysis for Riverside Firewell, Well 22. 

WDA·2I7 07191 WATER ANALYSIS LAB NO. 2-2710 

OWNER OR USED 

ADDRESS 

Wyoming Department of Agriculture 
Division of Laboratories 

P. O. Box 3228, University Station 
Laramie, WY 82071 

SIMONS, LI & ASSOCIATES 

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

SOURCE _____ R_i_v_e_r_s_i_d_e_F_i_r_e_w_e_l_l _____ LOCATION _________________ _ 

DESCRIPTION 

DATE COLLECTED 

CATIONS 

Calcium 

Magnesium 

Sodium 

Potassium 

Total Cations 

meq/1 

2.17 

0.25 

5.72 

0.04 

8.18 

E.P.A. 
STANDARD 

Ammonia 

Boron 

C.O.D. 

Conductance (umho/cm2) 

Cyanide 

Hardness (as CaCO:J 

M.B.A.S. 

Nitrate-N (N03 + N02 as N) 

Nitrite 

pH 

Phenols 

Phosphate Ortho-Total 

ROE (180 0 C) 

Silica 

Sodium (%) 

Solids, Suspended 

Solids, Total 

Solids, Volatile 

Sulfide 

Total Alkalinity (as CaCO:J 

Total Carbonate 

Total Kjeldahl Nitrogen 

Turbidity (N.T.U.) 

Oil & Grease 

Chloroform 

Bromodichloromethane 

Chlorodibromomethane 

Bromoform 

Date Hay 6, 1982 

mg/1 

43 

3.1 

130 

1.8 

FOUND mg/1 

7.8 

526 

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 

Silvex 

Toxaphene 

April 23, 1982 

meq/1 

0.00 

2.00 

2.02 

3.74 

0.07 

0.32 

8.15 

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 

2,4-D 0.1 
Total Coliform/100ml i:1F 

Petroleum odor 

Petroleum by GLe 

mg/1 

0.0 

120 

97 

130 

4.6 

6.1 

FOUND mg/1 

< 0.005 

1ess/l 

None Detected 

Negative 

~?Bz~ 
(Director) 

Laboratory Fee $ 44.00 (Paid) (Charged-to be billed monthly) 

Please make checks payable to: 

mcj rdr 

Wyoming Department of Agriculture 
2219 Carey Avenue 

Cheyenne, WY 82002 
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4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

3 

4 

3 

Table C. 6. 

No. -1 '~~ ,-~ ~ 
.1 ... 1 ...... .J 

Product: WATER 

C.6 

Analysis of Water in Wells Possibly Enveloped by Gas 
Plume. 

WYOMING DEPARTMENT OF AGRICULTURE 
Chemical and Bacteriological Laboratory 

P.O. Box 3228 University Station 
Laramie, Wyoming 82071 

SERVICE SAMPLE ANALYSIS REPORT 

No. 2-2676 through 

2-269l 

:. ~ .. , 
;.'. ,; 31982 

Sent In By: _______ S_i_m_o_n_s __ ,_L __ i __ & __ A_s_s_o_c_1_'a_t_e __ s_ , __ P_._O_. __ B_o_x __ 1 __ 8_1_6_, __ F_o_r_t __ C_o_l __ l_i_n_s_, __ C_O ___ 8_0_5 __ 2_2 ______________ ___ 

Analysis Requested : _______ G_a_s_,:..-B __ a_c...;.t_e_r_i-=a.:........:a::...:n;.:..d::-..L:::..=.e.=a-=d ____________________________________________________ _ 

Remarks: __________________________________________________________________________________________ __ 

April 21, 1982 Date Sample Rec~yedin Laboratory: ______________________________________________________________________ __ 

ANALYSIS 

Miller Old Well 

Love 

Riverside Garage 

Riverside Cabins 

Bud Carpenter 

Moore - new 

Drake 

Warner 

Bear Trap 

Mrs. Nutter 

Total Coliform/lOamI MF 

less than 1 

Mrs. Curry (shailow) 

Mrs. Curry (deep) 

Merrill 

Burkhard 

Mangy Moose 

Encampment River 

Lead, ppm 

< 0.005 

< 0.005 

< 0.005 

< 0.005 

< 0.005 

< 0.005 

< 0.005 

< 0.005 

< 0.005 

< 0.005 

< 0.005 

< 0.005 

< 0.005 

< 0.005 

< 0.005 

< 0.005 

Petroleum odor 

Negative 

Petroleum by GLC 

None Detected 

Remarks: Detection limit 7 parts per million 

I hereby certify that the above sample was analyzed by myself or my ass~ 2l:~ 

~~ ,STATE CHEMIST 
Director, Chemical and Bacteriological Laboratory 

Date April 30, 1982 
STATE BACTERIOLOGIST 

Laboratory Fee $ 127.50 (Paid) (Charged to be billed monthly) 

Make checks payable to the Wyoming Department of Agriculture· 2219 Carey Avenue, Cheyenne, Wyoming 82002 



APPENDIX D 

DATA OBTAINED DURING DRILLING OF TEST HOLE 1 



D.l 

Table 0.1. Air Lift Test Results. 

Depth Below Surface Discharge 
(ft) (gpm) 

80 30 
100 38 
120 38 
140 50 



Table 0.2. Summary of Water QualIty and DIscharge Data fran Water-BearIng Zones for TH1. 

WeIghted Average Values from Ct..rnu) attve Va lues I ncl ud' ng 
Each Zone* OverlyIng AquIfers 

EC TD5** Q EC TD5** Q TO 
Depth StratIgraphy llmhos/cm ppm pH gpm llmhos/cm ppm pH gpm °c 

70- 80 Interbedded gravelly sand 550 350 7.7 30 550 350 7.7 30 16.1 
a nd mudstone. 

80-120 Red-brown sand, sandstone 480 300 8.3 8 535 340 8.2 38 16.0 
a nd gran ltlc conglomerate 
w fth thIn bentonItIc c,lay 

t:1 J ayers. . 
tv 

120-140 Br own sandstone, gravelly 535 340 8.1 12 535 340 8.2 50 13.6 
sand & granltlc conglomerate 
w tth thIn gray clay I ayers 

*WeJghted average based on percent of dIscharge contrlbutlng from a partlcular zone. 

**rotat DIssolved SolIds nOS) calculated from EC value. 



APPENDIX E 

HYDROGEOLOGIC LOG OF TEST HOLE 1 



Water well: 
Project: 
Location: 

Test Hole 1 
WY-WDC-02 

E.1 

T14 R84 Sec NE1/4 NW1/4, NW corner of Riverside 
and 9th Street, Riverside, WY 

Ground Elevation: 7,200' 
Driller: 
Logged By: 
Surface Owner: 
Date Begin: 
Date End: 
Depth: 

H. Hersch 
R. Summer 
City of Riverside 
6/18/82 
6/18/82 
140' 

Depth to Aquifer(s): .70' 
Type Drill: 
Diameter: 

Air Rotary 
6 1/4" 

Drilling Description: 6 1/4" bit to 140' 
Casing: 
Packing: 

Comments: 

Depth (Feet) 

0-3 

3-9 

9-20 

20-23 

23-42 

42-60 

60-80** 

80-103 

103-107 

107-120 

120-140 

2" PVC to 100' with lower 30' perforated with 3/16" bit 
Gravel pack to within 12' of GS. Bentonite pellets 
packed to GS. 
Foam added at about 70' and no rock samples were 
obtained from 60-80' 

Description 

Sandy loam - gravelly sandy loam soil, brown 

Silty loam, light tan, moderately compact 

Silty loam - very fine sandy loam - poorly consolidated 
siltstone, brown-reddish brown 

Mud - poorly consolidated mudstone-siltstone, light yellow 
brown 

Silty sand and silt - poorly consolidated mudstone-siltstone, 
yellow brown 

Sandy mudstone and muddy sand, yellow brown 

Interbedded mud, mudstone, gravelly sand, highly fractured 

Interbedded sand, gravelly sand, brown-reddish brown 

Weakly consolidated sandstone with calcareous and 
noncalcareous white cement 

Interbedded muddy sand - gravelly sand and thinly bedded clay, 
brown and gray 

Interbedded gravelly sand - sandstone - clay, brown-reddish 
brown 

*Dry colors to depth of 80 feet 
**Drill lost air, no samples, description extrapolated from nearby logs. 



APPENDIX F 

HYDROGEOLOGIC LOG OF PRODUCTION WELL 



Water Well: 
Project: 
Location: 

Ground Elevation: 
Driller: 
Logged By: 
Surface Owner: 
Date Begin: 
Date End: 
Depth: 
Depth to Aquifer(s): 
Type Drill: 
Diameter: 
Drilling Description: 
Casing: 
Packing: 
Comments: 

Feet 

0 - 4 

4 - 6 

6 - 8 

8 - 13 

13 - 23 

23 - 33 

33 - 43 

43 - 50 

50 - 57 

57 - 63 

63 - 66 

66 - 73 

Production well 
WY-WDC-02 

F.I 

T14 R84 Sec 1 NE1/4 NW1/4, NW corner of Riverside 
and 9th Street, Riverside, Wy 
7,198 ' 
H. Hersch 
R. Summer 
City of Riverside 
7/14/82 
7/14/82 
143' 
40-50' 
Air Rotary 
5 3/4" 
14 7/8" bit to 43 feet; 10" bit to 143' 
10 5/16 ID steel casing; 5 3/4" ABS well casing 
10 - 20 gravel pack 
Foam added at about 30'; polymer added at about 100'. 

Description 

Sandy loam - sandy clay loam with gravel, light brown 

Silty loam, very light gray - tan 

Silty loam - sandy loam, light tan, more moist 

Sandy loam - very fine sand, light tan 

Very fine sandy mud - muddy clay, light gray 

Mud (loam - clay loam texture), reddish brown 

Mud-clay with few pebbles, light brown 

Gravel, red, poorly sorted 

Gravel, cemented gravel with clay lenses and very hard 
firm, weathered granite conglomerates and sandstone, 
water bearing 

Gravel with thin 6" layer of very firm granite conglo
merate 

Sand, weathered granite, sandstone, less silty and well 
sorted 

Partially cemented, sandy gravel, consolidated very fine 
sandy granite conglomerate, brown, with clay pods, white 
cement 



73 - 83 

83 - 88 

88 - 98 

98 - 103 

103 - 116 

116 - 123 

123 - 132 

132 - 136 

136 - 143 

F.2 

Sandy gravel, red, decomposed granite conglomerate, 
white and gray 

weathered granite conglomerate and poorly cemented 
gravel with mud and clay, pink and brown 

weathered granite conglomerate, sandstone, pebbly 
gravel, interbedded with gravelly sandy mud 

Gravel, with gray-green sandstone, mudstone layers 

Muddy sandstone - mudstone, gray-green, poorly con
solidated with weathered granite conglomerate 

weathered granite conglomerate, sand and gravel, 
reddish brown-brown 

weathered granite conglomerate, sand and gravel with 
clay, brown 

weathered granite conglomerate, claystone, gray
green 

weathered granite conglomerate, sand and gravel, 
brown with clay 



APPENDIX G 

PUMP TEST DATA AND ANALYSIS 



G.l 

AQUIFER TEST DATA 

WWLL PROJECT NUMBER: 1641 
TEST SITE: RIVERSIDE WYO. 

TEST NU~1BER: 

PU~1P START TIME AND DATE: 8: 00: 41 08/18/82 
PUMP STOP TIME AND DATE: 8:00:41 08/20/82 
PUMPED WELL NUMBER: PROD. WELL 
TOTAL VOLUME PUMPED: 43574 GALLONS 

OBSERVATION L-JElL NUr1BER PROD. WELL 
ELEVATION OF REFERENCE POINT: 0 FEET 
DEPTH TO STATIC WATER: 32.37 FEET 
OBSERVERS; INITIALS: SJW, RLG 
SOUNDER NUMBER: POWERS 1000 FT. 

ELAPSED TIME DEPTH TO L~ATER 
(HHHH :t'tM: S5) (FT) 

ELAPSED TIME 
(HHHH :t1t1: 55) 

PU~;IP DISCHARGE 
( GP~1) 

----------------------------------------------------------------------
0:00:00 32.37 0:00:00 7.89 
0:00:26 39.16 0:00:26 7.89 
0: 0 1 : 30 42.89 0:02:29 8.70 
0:02:29 47.70 0:07:00 8.33 
0:03:32 50.00 0:10:00 7.14 
0:04:36 52.19 0:13:00 7.79 
0:05:35 53.75 0:18:00 8.16 
0:07:00 55.49 0:28:00 7.74 
0:10:00 57.72 0:38:30 7.84 
0:13:00 58.88 0:50:00 7.74 
0:18:00 59.57 1:00:00 8.16 
0:20:00 59.71 1:15:00 7.95 
0:30:00 59.94 1:30:00 7.95 
0:35:00 59.98 1:31:00 13.33 
0:38:30 60.00 1:32:20 13.33 
0:50:00 60.06 1:33:40 13.33 
1:00:00 60.08 1:36:50 12.63 
1 :15:00 60.06 1 :45:00 12.77 
1:30:00 60.08 2:00:00 12.50 
1:31:00 63.42 2:20:00 12.63 
1 : 32: 20 68.59 2:30:00 12.63 
1:33:40 72.40 2:50:00 12.77 
1 : 35: 00 75.21 3:00:00 12.77 
1:36:50 78.03 3:01:30 14.29 
1:40:00 80.82 3:03:00 14.29 
1 :45:00 82.73 3:05:00 14.06 
1:50:00 83.46 3:15:00 13.64 
2:00:00 83.97 3:30:00 13.43 
2:10:00 84.14 3:50:00 13.43 
2:20:00 84.17 3:55:00 13.43 
2:30:00 84.22 3:56:00 15.52 
2:40:00 84.27 3:58:09 15.52 
2:50:00 84.30 3:59:32 15.52 
3:00:00 84.28 4:01 :35 15.52 
3:01 :30 85.12 4:06:00 15.52 
3:03:00 86.49 4:20:00 15.25 
3:05:00 87.69 4:40:00 15.38 
3:08:00 88.71 5:05:00 14.52 
3:15:00 89.49 5:20:00 15.52 



G.2 

AQUIFER TEST DATA 

L~L~LL PROJECT NUMBER: 1641 
TEST SITE: RIVERSIDE WYO. 

TEST NU~1BER: 

P UM P ST ART TIM E AN D DAT E : 8 : 00 : 41 08/1 8/82 
PUMP STOP TIME AND DATE: 8:00:41 08/20/82 
PUMPED WELL NUMBER: PROD. WELL 
TOTAL VOLUME PUMPED: 43574 GALLONS 

OBSERVATION WELL NUMBER PROD. WELL (CONTINUED) 
ELEVATION OF REFERENCE POINT: 0 FEET 
DEPTH TO STATIC WATER: 32.37 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) 

3:20:00 89.62 5:40:00 15.52 
3:30:00 89.71 6:00:00 15.52 
3:40:00 89.78 6:30:00 15.52 
3:50:00 89.84 7:00:00 15.52 
3: 56: 17 90.75 8:00:00 15.25 
3:57:20 93.20 9:00:00 15.52 
3:58:09 95.23 10:00:00 15.25 
3:59:32 97.95 11:00:00 15.25 
4:01 :04 100.00 13:00:00 lC ?C ,J._,J 

4: 0 1 : 35 100.55 15:00:00 15.25 
4:04:00 102.43 18:00:00 15.52 
4:06:00 103.32 21:00:00 15.32 
4:10:00 104.24 24:00:00 15.43 
4:20:00 104. $'0 27:00:00 15.52 
4:30:00 105.10 28:00:00 15.52 
4:40:00 105.17 32:00:00 15.38 
4:50:00 105.1'3 36:00:00 15.79 
5:00:00 105.09 40:00:00 15.52 
5:20:00 105.17 44:00:00 15.45 
5:40:00 105.26 48:00:00 15.79 
6:00:00 105.22 
6:30:00 105.29 
7:00:00 105.42 
8:00:00 105.48 
9:00:00 105.62 

10:00:00 105.66 
11:00:00 105.78 
13:00:00 106.11 
15:00:00 106.18 
18:00:00 106.38 
21:00:00 106.75 
24:00:00 106.67 
28:00:00 106.32 
32:00:00 106.18 
36:00:00 106.24 
40:00:00 106.59 
44:00:00 106.94 
48:00:00 107.21 
48:00:08 105.47 



LvWLL PROJECT NUMBER: 1641 
TEST SITE: RIVERSIDE WYO. 

G.3 

AQUIFER TEST DATA 

PUMP START TIME AND DATE: 8:00:41 08/18/82 
PUMP STOP TIME AND DATE: 8:00:41 08/20/82 
PUMPED WELL NUMBER: PROD. WELL 
TOTAL VOLUME PUMPED: 43574 GALLONS 

OBSERVATION WELL NUMBER PROD. WELL (CONTINUED) 
ELEVATION OF REFERENCE POINT: 0 FEET 
DEPTH TO STATIC WATER: 32.37 FEET 
OBSERVERS/ INITIALS: SJW, RLG 
SOUNDER NUMBER: POWERS 1000 FT. 

TEST NUMBER: 

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

48:00:44 97.51 
48:01:27 88.97 
48:02:16 80.37 
48:02:46 75.75 
48:03:32 69.45 
48:04:00 65.96 
48:05:02 59.41 
48:06:00 54.24 
48:07:00 50.00 
48:08:00 46.58 
48:09:15 43.22 
48:10:30 40.76 
48:10:58 40.00 
48:12:00 38.64 
48:13:30 37.21 
48:15:00 36.23 
48:16:00 35.7-8 
48:18:00 35.16 
48:22:00 34.54 
48:33:00 34.11 
48:42:00 34.00 
49:00:00 33.80 
49:16:00 33.71 



G.4 

AQUIFER TEST DATA 

WWLL PROJECT NUMBER: 1641 
TEST SITE: RIVERSIDE WYO. 

TEST NUt1BER: 

PUMP START TIME AND DATE: 8:00:41 08/18/82 
PUMP STOP TIME AND DATE: 8:00:41 08/20/82 
PUMPED WELL NUMBER: PROD. WELL 
TOTAL VOLUME PUMPED: 43574 GALLONS 

OBSERVATION WELL NUMBER TH #1 
ELEVATION OF REFERENCE POINT: 0 FEET 
DEPTH TO STATIC WATER: 33.18 FEET 
OBSERVERS' INITIALS: SJW, RLG 
SOUNDER NUMBER: FISHER 500 FT. 

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

0:00:00 33.18 
o : 11 : 23 33.38 
0:24:00 33.44 
0:42:30 33.52 
1 : 16: 30 33.57 
1:26:30 33.58 
1 : 43: 40 33.73 
2:03:00 33.83 
2:22:00 33.86 
2:43:30 33.90 
3:10:00 33.97 
3:32:00 34.04 
3:52:00 34.07 
4:07:00 34.16 
4:32:00 34.24 
5:02:00 34.28 
5:22:00 34.32 
6:01 :00 34.37 
6:32:00 34.39 
7:02:00 34.43 
8:03:00 34.48 
9:03:00 34.52 

10:05:00 34.55 
11:02:00 34.59 
13:00:00 34.65 
15:00:00 34.68 
18:00:00 34.75 
21:00:00 34.83 
24:00:00 34.87 
28:00:00 34.90 
32:00:00 34.95 
36:00:00 35.00 
40:00:00 35.06 
44:00:00 35.10 
48:00:00 35. 11 
48:08:00 34.84 
48:13:30 34.77 
48:17:00 34.65 
48:19:30 34.64 



G.5 

AQUIFER TEST DATA 

Wl~LL PROJECT NUMBER: 1641 
TEST SITE: RIVERSIDE WYO. 

TEST NUr1BER: 

P U~1 P ST ART TIM E AN D DAT E : 8 : 0 0 : 41 0 8/ 1 8/82 
PUMP STOP TIME AND DATE: 8:00:41 08/20/82 
PUMPED WELL NUMBER: PROD. WELL 
TOTAL VOLUME PUMPED: 43574 GALLONS 

OBSERVATION WELL NUMBER TH #1 (CONTINUED) 
ELEVATION OF REFERENCE POINT: 0 FEET 
DEPTH TO STATIC WATER: 33.18 FEET 
OBSERVERS' INITIALS: SJW, RLG 
SOUNDER NUMBER: FISHER 500 FT. 

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

48:24:00 34.58 
48:28:00 34.53 
48:45:00 34.42 
48:54:00 34.38 
49:13:00 34.30 
50:18:00 34.16 
51:10:00 34.07 
52:00:00 34.00 



WWLL PROJECT NU~1BER: 1641 
TEST SITE: RIVERSIDE WYO. 

G.6 
AQUIFER TEST DATA 

PUMP START TH1E AND DATE: 8: 00: 41 08/18/82 
PUMP STOP TIME AND DATE: 8:00:41 08/20/82 
PUMPED WELL NUMBER: PROD. WELL 
TOTAL VOLUME PUMPED: 43574 GALLONS 

OBSERVATION WELL NUMBER TH #2 
ELEVATION OF REFERENCE POINT: 0 FEET 
DEPTH TO STATIC WATER: 22.04 FEET 
OBSERVERS' INITIALS: SJW, RLG 
SOUNDER NUMBER: SOIL TEST 300' 

TEST NUt'lBER: 

ELAPSED TIME DEPTH TO WATER 
(HHHH:MM:SS) eFT) 

0:00:00 22.04 
0: 15:35 22.16 
0:29:00 22.23 
0:40:34 22.25 
1:19:10 22.32 
1 : 28: 00 22.32 
1 :48:00 22.45 
2:06:00 22.51 
2:24:00 22.55 
2:46:00 22.60 
3:13:00 22.66 
3:34:00 22.70 
3:54:00 22.72 
4:08:30 22.80 
4:34:00 22.88 
5:03:00 22.91 
5: 2.5: 00 22.95 
6:03:00 23.00 
6:33:00 23.00 
7:02:00 23.04 
8:03:00 23.09 
9:04:00 23.12 

10:07:00 23.17 
11:05:00 23.22 
13:00:00 23.25 
15:00:00 23.32 
18:00:00 23.37 
21:00:00 23.46 
24:00:00 23.51 
28:00:00 23.50 
32:00:00 23.60 
36:00:00 23.63 
40:00:00 23.67 
44:00:00 23.73 
48:00:00 23.74 
48:10:30 23.57 
48:15:30 23.44 
48:18:30 23.40 
48:21 :00 23.38 



G.7 

AQUIFER TEST DATA 

W!.vLL PROJECT NU~1BER: 1641 
TEST SITE: RIVERSIDE WYO. 

TEST NUt1BER: 

PUt1P START TIME AND DATE: 8:00 :41 08/18/82 
PUMP STOP TIME AND DATE: 8: 00: 41 08/20/82 
PUt1PED WELL NUMBER: PROD. WELL 
TOTAL VOLUt1E PUMPED: 43574 GALLONS 

o B S E RVAT I ON tv ELL N Ut"lB E R T H ** 2 ( C ONT IN U ED) 
ELEVATION OF REFERENCE POINT: 0 FEET 
DEPTH TO STATIC WATER: 22.04 FEET 
OBSERVERS/ INITIALS: SJW, RLG 
SOUNDER NUMBER: SOIL TEST 300/ 

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

48:25:00 
48:30:30 
48:57:00 
49:15:30 
50:22:00 
51:12:00 
52:00:00 

23.33 
23.29 
23.16 
23.08 
22.93 
22.84 
22.79 



G.8 

Analysis of Pump Test 

The drawdown equation for leaky, confined conditions is presented by 

Hantush and Jacob (1955) as: 

s = _...ci2~_ 
41fT 

W(u,r/B) 

where s 

Q 

T 

drawrciown, 

discharge, and 

transmissivity. 

( 1 ) 

The term W(u,r/B) is defined as the well function for leaky, confined 

aquifers. The parameters of this well function are as follows: 

r = radius from axis of pumped well, 

B 

u = 

leakage factor, and 

2 
r S 
4Tt 

where S is the storage coefficient of the aquifer, T is the transmissivity 

of the aquifer and t is the time since pumping began. The well function as 

presented by Hantush and Jacob (1955) is given by: 

W(u,r/B) f oo 2 2 2 2 
2K (r/B)-2 o [x/x +1]J (s,r/B)exp[-r /4B (1/u) (x +1)]dx 

o 0 
(2 ) 

where K modified Bessel function of the second kind and order zero, 
o 

J Bessel function of the first kind and order zero, 
o 

x = dUIDm¥ variable of integration, 

and other variables are as previously defined. Hantush (1956) presents tables 

of the function W(u,r/B) for various values of u and r/B. 

Equation (1) was developed for a constant discharge rate, Q, for the 

entire pumping test. Since the step drawdown test was performed, the pumping 

rate was not constant for the entire duration of the test. Superposition in 

the time domain was utilized to overcome this difficulty_ The principal of 

superposition, stated simply, is that drawdown due to a change in Q is equal 

to the drawdown due to the change in Q plus the drawdown due to the original 

discharge. The drawdown induced by n step changes in pumping rate is, 

therefore, 



n 
s = -~- L: ~Q.w(u,rIB) 

rrr t i= 1 ~ 

G.9 

where ~Q. = the change in discharge rate for step i. 
~ 

(3) 

Equation (3) was used to divide the pumping test into four discrete 

intervals, one for each of the steps presented in Table 6.1 of the main 

report. Time and drawdown measurements were adjusted using the following 

equations: 

t = t - t. 
o ~ 

(4 ) 

and 

s = s - s. (5) 
o ~ 

where t represents time, s represents drawdown, and the subscripts 0 and 

i refer to observed data and data observed at the end of step i, respec

tively. The data thus obtained were plotted on log-log paper for each of the 

steps. Using the tables presented by Hantush (1956), type curves were pre

pared for various values of the parameter riB. The data curves were then 

matched to the type curves and aquifer parameters calculated. The standar

dized data and the degree to which these data f it the type curves are pre

sented on Figures G.1 through G.4. Values of rIB for the four steps were 

0.5 for steps 1, 2, and 3, and 1.0 for step 4. 
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APPENDIX H 

WATER QUALITY ANALYSIS FOR PRODUCTION WELL 



H.I 

Table H.I. Water Quality Analysis for Production Well. 

WOA·2S7 07296 WATER ANALYSIS 
Wyoming Department of Agriculture 

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

Laramie, WY 82071 

OWNER OR USED SIMONS, LI [;. ASSOCIATES 

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

LAB NO. 3-0420 

SOURCE Riverside Well ______ ~ ___________________________ LOCATION ________________________________ ___ 

DESC~IPTION 

DATE COLLECTED August 

CATIONS meq/1 

Calcium 2.06 

Magnesium 1.86 

Sodium 1.96 

Potassium 0.05 

Total Cations 5.93 

E.P.A. 
STANDARD 

Ammonia 

Boron 

C.O.D. 

Conductance (umho/cm2) 

Cyanide 

Hardness (as CaCO~ 

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~ 

Total Carbonate 

Total Kjeldahl Nitrogen 

Turbidity (N.T.U.) 

Oil & Grease 

Chloroform 

Bromodichloromethane 

Chlorodibromomethane 

Bromoform 

Date August 31, 1982 

20, 1982 

mg/1 

41 

23 

45 

2 

FOUND mg/1 

200 

8.1 

340 

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 

Silvex 

Toxaphene 

2,4-D 

Laboratory Fee $ 30.50 (Paid) (Charged-to be billed monthly) 

Please make checks payable to: 

mcj 

Wyoming Department of Agriculture 
2219 Carey Avenue 

Cheyenne, WY 82002 

August 20, 1982 

meq/1 

0.00 

3.81 

1.22 

0.57 

0.04 

5.64 

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 

0.0 

230 

58 

20 

2.2 

1.2 

FOUND mg/1 



H.2 

Table H.2. Radioactivity Parameters for Production Well. 

CLIENT: 
JOB NO. : 
SAMPLE NAME: 
SAMPLE NO.: 
SAMPLE DATE: 

Parameter 

RADIOACTIVITY: 

Simons, Li & Associates 
2677-1 
Riverside Well 
283 
8/30/82 

Average 
Value 

(mg/l) 

Gross Alpha 5.85 

Gross Beta ND 

Standard Detection 
Deviation Limit 

0.50 0.5 

3.0 

Tested 
By 

CSU 

CSU 



APPENDIX I 

CONVERSIONS 



1.1 

Table 1.1. 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 

0.002228 
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