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EXECUTIVE SUMMARY 

The town of Riverside has a present water requirement of 7 gpm. It is 

expected that -this requirement will grow to 12 gpm by the year 2000. 

water to supply a single municipal source to satisfy the requirements of 

Riverside will be provided by the North Park aquifer. The availability of 

water is extensive although the actual yield of this water to wells is 

variable. This variability manifests itself in a banding of high and low 

transmissivities. High transmissivities occur near the Encampment River in 

the river alluvium. Through the center of town, the transmissivity appears to 

be an order of magnitude lower. On the west side of town, the high 

transmissivity is again encountered. 

Water quality in Riverside is generally good except for high flouride and 

sodium concentrations. Locally, groundwater contamination due to individual 

septic systems, gasoline leaks, and a sewage ditch has been encountered. Most 

of this contamination is restricted to the central portion of town. 

The results of the groundwater resource investigation have provided three 

alternatives for developing a municipal water supply. They are, Alternative 

1: utilize the existing fire well, Alternative 2: Drill, finish, and test a 

new well and two observation wells to the North Park aquifer on the west side 

of Riverside, and Alternative 3: Purchase water from Encampment and pump it 

northeast to Riverside. 

The recommended groundwater development is Alternative 2. If this alter

native does not provide a well capable of supplying the town's needs, it is 

conceivable that the fire well could be used to supplement the system. 

This recommended action can be completed under the funding of the existing 

contract. 

iv 



I. INTRODUCTION 

1.1 General 

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. 

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. 

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. A large number 

of residents in Riverside are seasonal; many are drawn by the various 

recreational activities offered in the area. In 1980, with a population of 

55, there were 53 housing units, of which approximately one-third were 

occupied as seasonal residences. Latest estimates by the mayor of Riverside 

indicate that 56 permanent residents are now located within the city limits. 

1 
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1.2 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. Although nearby Encampment is ser

viced by a municipal water distribution system, there are no immediate plans 

to extend this service to the Riverside community. 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. Reported production rates for the 

groundwater wells located within the city limits vary from 5 to 25 gallons per 

minute. Recent investigations, however, have indicated that these wells 

seldom produce more than 10 gallons per minute and that the majority produce 

less than 3 gallons per minute. Several residents report that washing clothes 

and taking baths on the same day severely strain the production capability of 

their domestic wells. 

In 1970, the town of Riverside was responsible for the rejuvenation and 

drilling of well 22, also called the fire well, to a depth of 150 feet. Short 

duration pumping tests of this well seemed to indicate that the production 

rate ranged from 40 to 50 gallons per minute. The commpletion of well 22 

included the addition of a backup pressure tank and 2-inch pipes leading from 

the well bore to a conventional fire hydrant, the first one in Riverside. 

These measures were taken to preserve the well as a source for providing water 

to satisfy the community fire demand. Conversations with the Mayor of 

Riverside indicate that two additional fire hydrants were planned using this 

well as a water source. At the present time, however, Riverside obtains water 

to satisfy their fire demand from the town of Encampment and relies on the 

Encampment Fire Department for their fire protection. Well 22 occasionally 

provides water to refill the water tanks of the Encampment fire trucks and is 

periodically pumped to ensure operability and serviceability of the well. 

The existing groundwater wells are frequently plagued by bacteriological 

contamination from privately owned septic tanks and leach field systems. 
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Individual residences and local businesses are serviced predominantly by sep

tic systems or an occasional cess pool. 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. other homeowners within the 100-year flood plain have experienced 

noticeable difficulty in flushing their toilets during these periods of high 

flow. 

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 inlcude 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 

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

greater detail in Chapter VI. 

1.3 Population Analysis And Water Demand 

At the turn of the century, the surrounding area of Riverside was the 

scene of copper mining activities. The Saratoga-Encampment Railroad had been 

recently completed and the community was thriving. In 1908 the mines were 

closed due to fraudulent stock sales and overcapitalization by the mining com

pany. Many of the small towns in the area became ghost towns overnight but 

Encampment and Riverside survived. 

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. 

Information obtained from the u.S. Department of Commerce, Bureau of Census, 

Wyoming State Department of Administration and Fiscal Control, Carbon County 

Planning and Development Agency in Rawlins and a report by C-E Maquire, Inc. 

(1978) were used in the analysis. Following historic figures, Riverside 

follows the trends established by Carbon County and the town of Encampment, 

thus 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. 

These results are shown graphically in Figure 1.4. It should be noted that 

population projection for the year 2000 for Carbon County was not available 

and is not reflected on Figure 1.4. The 1980 to 1990 projection for Riverside 
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is based on socioeconomic factors. The projection for 1990 to 2000 is based 

on a typical population growth S-curve. An evaluation of the Land Use Plan 

for Riverside indicates there is ample land available for future expansion. 

Based on the information in the foregoing population analysis, 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 value used in this analysis was 

95 gallons per capita per day. In general, maximum daily use can be con

sidered to be about 180 percent of the average daily use. The resulting water 

demand for Riverside then becomes 170 gallons per capita per day and accounts 

for changing climatic conditions and increased usage due to lawn sprinkling 

and gardening activities. 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. 

1.4 Requirement for a New Supply 

The initial analysis of existing groundwater wells has revealed that a 

new supply is needed to satisfy the immediate and future water requirements 

for Riverside. The new water supply should be the first step in providing a 

domestic water distribution and sewage disposal system. The problems asso

ciated with the present system of privately owned groundwater wells include: 

(1) insufficient supply to meet the needs of the individual consumer, (2) con

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

increased contamination of the existing system with an increase in population. 

It is evident from the material presented in the previous sections that 

many individuals lack the water supply necessary to satisfy their daily living 

requirements. Seasonal fluctuations in the water table are especially noti

ceable in the shallow groundwater wells located within the 100-year 

floodplain. 
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The necessity for a water distribution system has become increasingly 

important in recent years because of the 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 1.3, 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. Furthermore, the major factor limiting growth in 

Riverside is the absence of a water supply system and the potential for sewage 

contamination. An adequate water distribution and sewage system will tend to 

alleviate these difficulties, however, a water source capable of providing the 

current and future water demands must first be located and verified. 
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II. GEOLOGIC HISTORY OF THE RIVERSIDE STUDY AREA, CARBON COUNTY, WYOMING 

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). 

These mountains are part of the Cordilleran Structural Region including the 

Rocky Mountain System and associated intermontane basin (Figure 2.2). 

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

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

2.3). The narrow valley widens to the North, forming the Saratoga Valley 

which is south of several intermontane structural basins, including the Hanna 

Basin (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 floodplain. 

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. 

As noted previously, essentially two units, from the Precambrian and the 

Tertiary, are preserved in the geologic record in the immediate study area. 

Based on the geologic record of the surrounding area, the following account 

summarizes the structural history of the Riverside area. 

The oldest rocks in the area are Precambrian crystalline rocks, formed 

about 1.6-1.9 billion years ago (Dott and Batten, 1971). These rocks are part 

of the continental craton, a stable tectonic part of the continent with a 

subdued topography. 

Following this period of formation of continental basement material, the 

area was characterized by tectonic (structural) unrest and orogenic activity 

(mountain building) during the Paleozoic (600-230 million years ago), although 
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no geologic record is preserved in the study area. The cratonic material was 

elevated and deep erosion occurred. Epeiric (shallow, continental) seas 

transgressed over the area depositing limestones and clastic sediments. As 

these seas regressed towards the west, large volumes of clastic sediments were 

deposited. Nonmarine and deltaic sediments became more widespread as sea 

level oscillated and swampy environments prevailed. Then shallow marine 

sediments covered much of the area and carbonate banks formed on edges of the 

basins as the seas temporarily transgressed over the cratonic interior. 

Finally, the Cordilleran Orogeny began during the late Jurassic time 

(Mesozoic Era) which marked the beginning of the present day Rocky Mountains. 

The uplifed and faulted mountainous lands in western u.s. including the 

Medicine Bow and Park Ranges underwent deep erosion and subsidence accompanied 

by vast deposition of sediments. 

During this time, the Frontier Delta and associated delta plains and 

delta front and prodeltas were being built in Wyoming. The sediment source 

was from the west and the total thickness of deltaic sediments was as much as 

1,500 feet (Haun and Barlow, 1962). The sediments deposited in the Riverside 

area have since been uplifted and eroded away. 

During the late Cretaceous, the area was the site of another delta 

system, the Rawlins Delta (Weimer, 1961) (Figure 2.4). Delta front and 

coastal barrier sands and muds were developed along a north-south trend 

including a large part of the eastern half of Wyoming. The axis of the delta 

extended in a northeasterly direction, lying northwest of the Riverside area. 

Delta plains and delta front sediments were deposited in the Riverside area. 

Somewhat later, this delta system shifted toward the west and prodelta muds of 

the Lewis formation inundated the area (Weimer, 1965) (Figure 2.5). 

At the end of the Cretaceous, the early Rocky Mountain ranges were 

uplifed (Blackstone, 1975). Figure 2.6 illustrates the structural and ero

sional development of the Medicine Bow Mountains. The Riverside area lies to 

the left (west) of the block diagram. As shown by the diagralns, the last 

phase of the Cordilleran Orogeny occurred in the Eocene Epoch. The entire 

Rocky Mountains, including the Medicine Bow and Park Ranges, were gently 

warped and uplifted. Basin filling occurred as sediments were eroded from the 

highlands. This uplift continued throughout the Tertiary causing stream reju

venation and a long period of downcutting during which time the North Platte 

River Valley was cut and filled forming the North Park Formation. 
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Pleistocene glaciation represents the dramatic culmination of the evolu

tion of this area. The major Alpine glaciers in the mountains persisted until 

about 8,000-10,000 years ago. Meltwaters from the retreating glaciers 

transported sediment into the valleys. The Quaternary alluvium located on the 

floodplains today is composed of fluvial and fluvial-glacial sediments. 

Cross-sectional profiles showing the interbedded sediments of the North 

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

2.7 and 2.8. Figure 2.7 illustrates the sequence of sediments expected along 

the transect which runs perpendicular to the Encampment River. Drillers' logs 

show a discontinuous sequence of gravel, sand, and clay although field obser

vations and communication with water well drillers suggest that these sedi

ments 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 sediments of the North Park. 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. (See Explanation in Figure 2.7). 

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 less than 40 to 50 feet, and it 

grades into weathered Precambrian material on the high upland slopes (left 

side of Figure 2.7. 

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 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 

granite 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. 

This suggests that the Precambrian surface underlying area is steeply dipping 

and highly erratic. 
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Figure 2.8 illustrates the sequence of North Park sediments along a tran

sect running subparallel with Saratoga valley. None of the well logs encoun

tered Precambrian rocks along this transect. The Quaternary sediments occur 

on the flood plain of the Encampment River (Figure 2.9). The Quaternary land

form is nearly level in contrast with the sloping or slightly hummocky land

form 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 Groundwater Table 

The town of Riverside lies in the Southern portion of the Hanna basin. 

As indicated in Chapter II, the two principal 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 

by moving in the interstitial space of the porous medium which allows the pre

sence 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. Since the static water elevation is 

also known as the piezometric elevation, a mapping of the water table surface 

is called the piezometric map. 

To construct a piezometric map for the Riverside area, well log infor

mation was obtained from the Wyoming State Engineer's Office. All wells 

within the region of interest were plotted on a base map of the area. Once 

plotted, the wells were located on a topographic map to secure ground eleva

tions for each well. The depth to the static water level was taken from the 

well log information and subtracted from the corresponding ground surface ele

vation to provide a water table surface elevation at each point. These values 

were then used to sketch the contour lines of the groundwater levels. A 

further aid in drawing the map was the availability of shallow aquifer 

controls such as reservoirs, topography, and streams. The major regional 

shallow aquifer control in the Riverside area is the North Platte River. All 

groundwater contours eventually slope toward the location of this control. 

The resulting piezometric map for the Riverside area is presented in Figure 

3.1. Data used in the previously mentioned process is given in Appendix A. 

Piezometric mapping of the water table in the Precambrian rock formation 

was not undertaken. Data for this formation were quite sparse. A reason for 

this is due to the location of water being reliant on the fractures within the 

formation. This dependency makes piezometric mapping of the Precambrian rock 

almost meaningless since the groundwater surface is rarely continuous through 

such an impermeable material. 
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3.2 Surface water - Groundwater Boundaries 

A discussion of groundwater apart from surface water should not be 

construed as indicating that the two sources of water are independent of each 

other. On the contrary, many surface streams receive a major portion of their 

flow from groundwater. Elsewhere, water from surface streams is the main 

source of recharge for shallow groundwater aquifers. The two sources of 

supply are definitely interrelated, and use of one may affect the water 

available from the other source. 

Generally speaking, the main source of groundwater is precipitation, 

which may penetrate the soil directly to the groundwater or may enter surface 

streams and percolate from these channels to the groundwater. It should be 

emphasized that groundwater has the lowest priority on the water from precipi

tation. This low priority is an important factor in limiting the rates at 

which groundwater may be utilized. Interception, depression storage, and soil 

moisture must be satisfied before any large amount of water can percolate to 

the groundwater. Only prolonged periods of heavy precipitation can supply 

large quantities of water for groundwater recharge. Groundwater recharge is 

an intermittent and irregular process and is discussed in detail in Section 

3.3. 

Examining the occurrence of surface water and groundwater in an area will 

help explain the regional fluctuations in the water table. The water table, 

as discussed in Section 3.1, is constantly adjusting itself toward an 

equilibrium condition and is greatly influenced by lakes, streams and wells. 

As seen in Figure 3.1, the major local influence on the piezometric map is the 

Encampment River. Its presence accoun-ts for the bending of the water table 

contours in the eastern portion of Riverside. The effects of smaller local 

sources, such as Badger Creek, the sewage ditch from Encampment, and indivi

dual septic systems, are not apparent in Figure 3.1. Had the available data 

been of greater accuracy, a more detailed piezometric map could have been 

constructed to depict changes in the groundwater level due to these lesser 

influences. 

Seasonal fluctuations in the water table elevation can also be affected 

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

source is also the Encampment River. From analysis of discharge data, the 

river is generally a losing stream. This was determined by analyzing data 

from two Encampment River gages, upstream and downstream of Riverside, for 
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each month of the year. By dividing the average monthly discharge (cfs) by 

the drainage area (mi2) and comparing this discharge per square mile between 

the upstream and downstream gages, the losing characteristics became apparent. 

In months ot low flow, the water table levels off and the water is lost from 

the river at a low ra-te. 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 groundwater. ~he rising water table affects groundwater 

levels not only within the alluvium, but also affects water entering the 

surrounding aquifer. The high water table even causes some people within the 

100-year flood plain to lose the use of their septic systems over the summer 

months. Another contributing source of seasonal water table fluctuation is 

the irrigation 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 also increases the groundwater level, but the influences are probably 

only felt about 150 feet to 200 feet either side of the source. Local fluc

tuations 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. 

3.3 Groundwater Recharge 

Several groundwater recharge mechanisms are present in the Riverside 

area. These sources all supply water to the near surface (North Park) 

aquifer. 

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 indivudal septic 

systems. Estimates of the quantities of water recharged by these sources may 

be found in Section 3.4. 

3.4 Shallow Aquifer Flow Below Riverside 

A qualitative description of the local groundwater flow below the town of 

Riverside can be made from inspection of the piezometric map of Figure 3.1. 

On this map, the lines of equal piezometric surface elevation (equipotential 

lines) are perpendicular to the direction of groundwater flow. The path of a 
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particle of groundwater in the near surface aquifer is called a flow line. 

The flow lines depicting flow below the town of Riverside were drawn up- and 

down-gradient of the town (Figure 3.2). These flow lines encompass the flow 

which goes under the town, and thus this "channel" of groundwater flow 

outlined by the two flow lines is termed a stream tube. 

The qualitative assessment of the water passing beneath Riverside can be 

addressed by first making assumptions which narrow down the possibilities for 

groundwater flow. If the assumptions used in the analysis produce unreaso

nable results, they must be modified or discarded. Assume at first that the 

near surface aquifer is homogeneous, isotropic and of constant thickness along 

the stream tube. The increased spacing between equipotential lines down

gradient (to the northeast) of contour 7160 indicates that a large quantity of 

water would have to be removed along this equipotential line. Since this 

analysis assumed constant thickness, homogeneity and isotropy of the aquifer, 

less water flowing results in less head loss per running foot of aquifer. 

This increases the equipotential spacing because with less water in the same 

size aquifer, the water can travel further before losing the 40 feet of head 

between contours. Although several wells are located on this equipotential 

line, there are no·t a significant number to cause the increase in contour 

spacing as seen in the figure. 

Now assume that there is only constant flux (discharge or groundwater 

flow) between two flow lines. The equipotential map now indicates that 

either: 1) the cross-sectional area between the two flow lines must be 

smaller upgradient of equipotential 7160 feet than downgradient of 7160 feet, 

and/or 2) the permeability of the aquifer is greater downgradient of 

Riverside. The first result with increasing cross-sectional area in the 

downgradient direction would be due to the increasing depth of the North Park 

Formation. In this case, since it was assumed that the flux in the stream 

tube was constant, by increasing the cross-sectional flow area the groundwater 

velocity is reduced and thus the loss in energy with distance traveled is 

less. Thus the equipotential spacing increases due to increasing groundwater 

flow cross-sectional area. Using the total saturated aquifer thickness from 

the geologic cross sections for locations in the southwest and northeast por

tions of Riverside, the cross-sectional flow areas were calculated for the 

stream tube at contours 7120 and 7200 (see Figure 3.2); the area at contour 
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Figure 3.2. Delineation of the shallow aquifer flow 
below the Town of Riverside. 
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7120 was 
2 2 

127,800 ft compared to 208,000 ft at 7200. Therefore the expanding 

area to account for the increased spacing is an invalid conclusion. Even 

though the thickness of the saturated formation is indeed increasing, the dif-

ference is not enough to account for a larger cross-sectional area down

gradient. The increase of permeability in the down gradient direction has not 

been conclusively proven, but is quite likely since the sediments nearer to 

the North Platte River have had more likelihood of being reworked by fluvial 

processes thus removing much of the finer size fractions as well as leaving 

the near surface aquifers in a more unconsolidated state. The increase in 

permeability has the same effect on groundwater flow as going from a very 

rough to a very smooth pipe in closed conduit flow. In this case, the flow is 

more efficient and does not have to expend as much energy with distance tra

veled. Thus increasing permeability causes equipotential lines to move apart 

from each other. In the strictest sense, the discharge between two flow lines 

is not constant, flow can leave and enter from all sides, i.e., recharge from 

the Encampment River. The second result obtained when using the constant 

discharge assumption fits the physical picture which exists at Riverside and 

therefore this assumption is valid in a general sense. 

Now that the shallow aquifer has been qualitatively discussed, quan

titative assessment of the near surface groundwater flow can now be performed. 

This analysis uses the simple groundwater flow concepts of continuity and 

momentum. The continuity concept was used in the qualitative assessment to 

the extent that discharge was constant in the streamtube. In a general sense, 

all continuity means is that the groundwater must all be accounted for: 

inflow to an area minus the outflow (over some time period, i.e., month, day, 

etc.) must equal the change in the volume of water in the area. The concept 

of momentum is a little more difficult to explain. In this case, forces are 

directing groundwater flow. These forces are due to pressure and gravity on a 

large scale and to surface tension and molecular forces on a small scale. 

Since we are looking at groundwater flow in a large area, we are only 

interested in the large scale forces of pressure and gravity. Pressure dif

ferences can direct groundwater flow. For example, if looking at a horizontal 

pipe filled with fluid, increasing the pressure at one end would force water 

out the other: the change in pressure from one end of the pipe to the other 

caused water to flow. The change of pressure in groundwater systems can be 

due to simple elevation differences in the groundwater levels. The elevation 
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differences! manifest themselves in the hydrostatic pressure distribution of 

water (the deeper the water, the larger the pressure at the bottom of the 

water body). Gravity acts as a force pulling objects towards the center of 

the earth and similarly can direct groundwater flow. The balance of these 

forces (which are both considered "driving forces") with resisting forces (the 

shear force due to resistance of flow) would cause no flow. If the driving 

forces are greater than the resistance forces, then flow will occur and the 

differences in these forces is an inertial force which describes groundwater 

flow. 

The equation which describes groundwater flow is called Darcy's law. 

Darcy's law equates the total groundwater discharge to a velocity times a 

cross-sectional area perpendicular to the flow. In this case, the velocity is 

equal to the aquifer permeability (K) times the hydraulic gradient (I). Most 

commonly the aquifer permeability (K) is multiplied by the aquifer thickness 

(b) and this value is termed the aquifer transmissivity (T) with the units of 

gallons per day per foot (gpd/ft). The aquifer permeability (K) or 

transmissivity (T) are found by pumping the aquifer and then relating ground

water hydraulic theory to the observed well drawdown data in order to compute 

T or K. The hydraulic gradient is simply the slope of the piezometric surface 

(when looking at regional flow) which is mathematically equal to the drop bet

ween two equipotential lines divided by the distance between the lines. In 

the case of Figure 3.3, the drop between equipotential lines is 40 feet. The 

cross-sectional flow area which the velocity goes through is equal to the 

aquifer thickness times the distance between the flow lines. If T is used 

instead of K, then the aquifer thickness has already been accounted for. 

Thus, the flow of water below the town (perpendicular to the streamtube) is 

Q = TIL ( 1 ) 

where Q is the flow rate of the shallow aquifer (gpd), T is the trans

missivity (gpd/ft), I is the groundwater hydraulic gradient (ft/ft), and L 

is the distance between the flow lines. In the location of interest for the 

flow across contour 7160 between the flow lines, K ~ 10 gpd/ft2 (assumed a 

reasonable value from the calibrated results, see section 5.2 of this report), 

b = 40 ft (approximate depth of aquifer at point of interest), so T ~ 400 

gpd/ftl, I = 30'/3450' = 0.02 ft/ft, L = 4470 ft, and therefore Q 35760 

gpd = 25 gpm. 
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Following the flow lines southwest to the base of the Precambrian rock, 

the amount of recharge due to precipitation is determined by multiplying the 

surface area of the stream tube from the edge of the rock formation to the 

northeast section of town times the average yearly precipitation which 

infiltrates. In the Riverside area, the average annual precipitation is 15.5 

inches. Assume a 30 percent annual infiltration capacity. The surface area 

is 1920 acres (3 square miles). Thus the recharge from infiltration is com

puted to be 2480 acre-feet per year (460 gpm) on the average. Notice the 

total recharge amount is almost 20 times the estimated shallow aquifer flow 

below Riverside. The total recharge amount is subject to losses of: evapora

tion, transpiration, stock, irrigation and domestic wells and groundwater 

discharge (springs found east of Riverside) as well as supplying water to 

deeper lenses of groundwater flow. It has been noted by Veihmeyer (1964) that 

if the shallow surface layer is kept relatively moist, evaporation may 

approach 100% of the water added to the soil. Upon inspection of a gravel pit 

east of Riverside, a calcareous layer was found approximately 16 inches down 

in the soil layer. This calcium deposit essentially indicates that a large 

portion of the local precipitation does not reach the water table, thus the 

assumption of the 30 percent annual infiltration capacity may be too high and 

in reality be as low as five percent. (Resulting with 77 gpm recharge.) 
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IV. UTILIZATION OF GROUNDWATER 

A computer listing of all permitted wells within the vicinity of 

Riverside was provided by the Wyoming State Engineers Office. Figure 4.1 

indicates the approximate location of these wells with respect to Riverside. 

From the computer listing, groundwater wells, complete with their associated 

well logs, were identified. Pertinent information for the permitted wells 

within the town of Riverside is presented in Table 4.1. This information was 

combined with additional information from the well logs to provide a data base 

for this investigation. It should be noted that the discharge rates for the 

wells in Table 4.1 are the rates documented on the permits. In many cases, 

these discharge rates were considerably less than those reported, often times 

less than 5 gpm. Figure 4.2 is used in conjunction with Table 4.1 to identify 

permitted wells within Riverside. 

Residents of Riverside as well as local businesses obtain their water 

supplies from individual wells. Most wells are equipped with submersible 

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

characteristics would be the fire well mentioned in section 1. This par

ticular well has a 3 hp, submersible pump. The reported discharge from wells 

of domestic or miscellaneous use ranges from 1-2/3 gpm to 40 gpm as seen in 

Table 4.1. Additional information collected by SLA staff and from local well 

drillers indicated that the capacity of irrigation wells in the region varied 

from about 25 gpm to 500 gpm. 
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Table 4.1. Information from Permitted Wells in Riverside. 

Total Depth Diameter of Discharge 
Location of Well Casing Q Use of 
of Well (ft) (in) (gpm) Water 

Lot 5 Block 1 40 6 8 Domestic 
Lot 3 Block 2 150 6 15 Domestic 
Lot 8 Block 2 92 6-5/8 10 Domestic 
Lots 1 & 2 Block 3 85 6 1-2/3 Domestic 
Lot 8 Block 4 130 6 5 Domestic 
Lot 3 Block 5 20 12.5 Domestic 
Lot 3 Block 5 80 6 Domestic 
Lot 6 Block 5 53 4 15 Domestic 
Lot 8 Block 5 8 25 Domestic 
Lot 8 Block 6 20 12 25 Domestic 
Lot 1 Block 10 80 6 10 Domestic 
Lot 13 Block 16* 83 6 25 Domestic 
Lot 1 Block 17 20 Domestic 
Lot 1 Block 19 40 6-5/8 8 Domestic 
Lot 10 Block 20 60 6 10 Domestic 
Lot 7 Block 35 80 6 12 Domestic 
Lot 10 Block 36 105 6 5 Domestic 
Lot 8 Block 37 21 8 25 Domestic 
T .... ot 4 Block 38 92 6 15 Domestic 
Lot 16 Block 46 40 6 10 Domestic 
Lot 2 Block 48 92 4 9 Domestic 
Lot 11 Block 50 60 6 5 Domestic 
Lot 9 Block 55 102 6 5 Domestic 
Lot 7 Block 58 104 4 25 Domestic 
Lot 2 Block 64 150 6-5/8 10 Misc. 
Lot 5 Block 64 60 10 Misc. 
Fire Well** 150 6 40 Misc. 

*This well was completed in 1981 and is permitted, but was not in computer 
listing provided by State Engineer's Office. All information was 
reported by a local driller. 

**This well is located between Lot 1 Block21 and Lot 8 Block 20. All 
information was reported by a local driller. 
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V. PHYSICAL AND HYDROLOGIC PROPERTIES 

5.1 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. The 

general physical and hydrologic properties of the North Park formation 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 tabulated in a recent study (Richter, 1981) and 

presented in Table 5.1. Before a detailed discussion of local groundwater 

parameters is presented, a few basic definitions will be given to familiarize 

the reader with common groundwater terminology. 

5.1.1 Specific Capacity 

The specific capacity of a well is defined as the ratio of the discharge 

to the total drawdown of the well. The specific capacity is used as a para

meter to measure the discharge capacity of a pumped well. Values of specific 

capacity in Table 5.1 range from 7.2 gpm/ft to 11.0 gpm/ft for the three wells 

cited in the North Park formation. 

5.1.2 Storage Coefficient 

The storage coefficient (specific yield for an unconfined aquifer) is a 

nondimensional parameter to express the storage capacity of an aquifer. It is 

defined as the volume of water released from a column of water per unit 

decline of pressure head. Thus, larger storage coefficient values are advan

tageous when extracting water from the aquifer. The storage coefficient 

values given in Table 5.1 for the North Park formation range from 0.0015 to 

0.01. 

5.1.3 Permeability 

The coefficient of permeability (or hydraulic conductivity) is indicative 

of how easily a fluid can be transmitted through a porous material. This 

coefficient is dependent on properties not only of the fluid, but also of the 

porous medium. It can be defined as the discharge per unit area of hydraulic 
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Table 5.1. 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 
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gradient. Regional values of permeability for the North Park formation are 

presented in Table 5.1. 

5.2 Local Groundwater Parameters 

What has been presented to this point has been a qualitative assessment 

of local groundwater availability, preliminary estimates of groundwater flow 

below Riverside as well as observed hydraulic parameters. The qualitative and 

preliminary assessments along with the geologic analysis have determined that: 

(1) there are three distinct groundwater regimes beneath the town of 

Riverside; they are (from the surface down) the near surface, unconfined 

system of alluvium and terrace deposits, the near surface semi-confined system 

of the North Park formation, and the fractured system of Precambrian rock; (2) 

the two upper aquifers regionally supply large quantities of water due to 

their highly permeable nature, but locally the North Park provides limited 

quantities of water due to the heterogeneity of the formation; and (3) the 

Precambrian layer locally yields small water quantities to a limited number of 

wells and springs along isolated outcrops. These preliminary conclusions 

represent the Level I or Reconnaissance investigation which gives general 

characterization and identification of the study problems and conditions. 

Based on pump test data from well logs which were supplied by the Wyoming 

State Engineer's Office, a Level II analysis can be initiated. The Level II 

analysis will indentify specific hydraulic and water quality parameters. The 

Theis theory of groundwater flow and observations of physical well charac

teristics were used to calibrate aquifer hydraulic parameters while water 

samples were collected and analyzed to identify the water quality parameters. 

Water quality wi.ll be discussed in detail in Chapter VI. 

The purpose of the calibration process was to determine approximate para

meter values for subsequent use in describing local groundwater movement. 

Table 5.2 presents the pertinent pump test data for the four wells selected 

for utilization in the calibration procedure. Essentially the data describes 

the initial conditions and well drawdown after some time at a constant well 

discharge. The duration of the pump tests at a constant discharge ranged from 

45 minutes to four hours with variations in the water surface drawdown from 37 

feet to 95 feet. The calibration procedure was performed by assuming that the 

drawdown rate was essentially zero at the end of pumping. The specific capa

city values for the wells in Table 5.2 were computed for comparison purposes 
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Table 5.2. Pumping Test Data for the Selected Wells 
in Ri verside. 

Name of Well 
Log Tavern E. B. Carpenter 

In. #1 No. 1 FJ # 1 

Date of Test Aug. 1974 Aug. 1972 Sept. 1981 

Duration of 
Test (hours) 4 0.75 3 

Pump Discharges 
(gallon per minute) 20 5 6 

Diameter of Pump 
Well (inches) 9 8 8 

Saturated Thickness 
of Aquifer (f eet) 48 30 21 

Drawdown at Pump 
Well (feet) 37 62 78.7 

Specific Capacity of 
Pumped Well (gallons 
per minute per foot 
of drawdown) 0.41 0.081 0.076 

Wise-Finch 
No. 1 

July, 1981 

3 

5 

8 

7 

95 

0.053 
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only. Calibrated parameter values were obtained using the nonequilibrium 

equation of groundwater flow and physical well characteristics. A detailed 

explanation of the nonequilibrium equation is included in Appendix B. The 

calibration process is accomplished through the knowledge of drawdown, initial 

water level, pumping rate, and test duration for the well of interest. Based 

on regional values (Richter, 1981), the storage coefficient is fixed and the 

transmissivity value is determined by matching the calculated drawdown to the 

measured drawdown for each individual well. In order to obtain a near zero 

drawdown rate at the end of pumping, the storage coefficient is then fine

tuned after calibrating the transmissivity. This procedure is followed 

because small changes in transmissivity affect well drawdown more than small 

changes in the storage coefficient. The nonequilibrium analysis indicated 

that the storage coefficient ranged from 0.004 to 0.0085 and the permeability 

varied from 2.5 to 14.5 gpd per square foot. The calibrated values of 

transmissivity and the resulting computed values of permeability are shown in 

Table 5.3. 

Using calibrated values of permeability and storage coefficient of 10 

gpd/ft and 0.005, respectively, the steady state radius of influence in the 

Riverside area is approximately 400 feet at a constant discharge of 10 gpm. 

The results of the Level II analysis lead to the preliminary stages of 

the Level III investigation presented in the next section. During this level, 

aquifer characteristics are obtained based on pump tests performed on two 

existing wells located in Riverside. The outcome of the Level III analysis 

provides the information needed to determine if an adequate municipal water 

supply is locally available. 

5.3 Aquifer Test Procedures and Results 

During the period from April 20 to April 23, personnel from Water, Waste 

and Land, Inc. (\~) performed pump tests on two wells within the city limits 

of Riverside, a city-owned fire protection well and a privately-owned (Mary 

Wyant) domestic well. The purpose of these tests was to obtain aquifer 

characteristics of the shallow groundwater aquifer from which the town of 

Riverside expects to extract water. In addition, the information from the 

pump test on the fire well can be used to determine the adequacy of this well 

as a water supply well for the city. The information collected in the Level I 

and II analysis seems to indicate a high degree of heterogeneity within the 



Table 5.3. Results of Nonequilibrium Analysis at Riverside. 

Discharge Duration Well Storage Permeability Transmissivity Drawdown 
Q T Diameter Coefficient K 2 T A 

Name of Well (gpm) (hrs) ( in) S (gpd/ft ) ( 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 
No. 1 

FJ # 1 6 3 8 0.0040 4.0 84 78.7 
~ 
N 

Wise & Finch 5 3 8 0.0050 7.5 52.5 95 
No. 1 



43 

shallow aquifer. The pump tests substantiated this fact and also permitted 

estimates of aquifer transmissivity to be obtained. A more thorough descrip

tion of testing procedures and results follows. All data obtained during the 

pump tests and methods of interpretation are presented in Appendix C. 

5.3.1 Procedures for Pump Testing the Fire Well 

The first pump test was performed on a well owned by the town of 

Riverside and indicated as well 22 on Figure 1.3. The date that the well was 

originally drilled is unknown and well logs are not available. Apparently the 

well had been abandoned until 1970 when the town took over ownership and 

reworked the well so that it could be used for fire protection. Information 

supplied by the driller who rejuvenated the well indicates that during the 

period of abandonment a substantial amount of debris was placed in the well. 

This debris was removed during rejuvenation, however, it is not clear whether 

all of the material was removed or simply reduced to small enough particles so 

that it could be forced out into the aquifer. The well was completed with 

8-5/8 inch steel casing to a depth of 80 feet with 6-inch perforated PVC 

casing from 80 feet to 150 feet (TD). A pump was placed in the well to supply 

a pressure tank which in turn supplies a fire hydrant approximately 20 feet 

from the well. The pump is set at a depth of about 135 feet and is rated at 

3 hp. 

Prior to pumping the well, the discharge line was taken apart between the 

pump and the pressure tank. A flow meter was placed on the discharge line and 

sufficient hose was added to the downstream end of the meter to allow the 

water to be discharged about 30 feet from the well and down a drainage ditch. 

The well was pumped for a total of 8 hours at a constant discharge of about 10 

gpm. Drawdown and discharge were measured periodically. After the cessation 

of pumping, water levels were monitored until the well had recovered. 

Complete data sets are tabulated in Appendix C, Table C-1. A graphical repre

sentation of drawdown in the well as a function of time during the pumping 

period is presented in Figure C-1. Figure C-2 presents the water levels in 

the well during recovery. It should be noted that water is leaking into the 

well at a depth of about 29 feet indicating that the well is not properly 

sealed. 
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5.3.2 Procedures for Pump Testing the Mary Wyant Well 

The second pump test was performed on a recently drilled well owned by 

Mary Wyant (Well 9 in Figure 1.3) of Riverside. This well is about 83 feet 

deep and is completed with 8-5/8 inch steel casing to a depth of about 43 feet 

with the remaining 40 feet screened with 6-inch slotted PVC casing. Static 

water is about 6 feet below the ground surface. To initiate the pump test, 

personnel from WWL placed a pump at a depth of about 70 feet below surface. A 

step-drawdown test was performed on this well since the maximum safe discharge 

was unknown. A complete discussion of analysis involved in the step-drawdown 

test is provided in Appendix C, section 3. The well was pumped for a total of 

10.5 hours. Drawdown and discharge were measured periodically throughout the 

test and recovery was monitored after the pump was stopped. The data for this 

test is tabulated in Appendix C, Table C-2 and Table C-3. Drawdown and reco

very data are presented graphically on Figures C-3 and C-4, respectively. 

5.3.3 Discussion and Results of Pump Tests 

The pump test on the fire protection well did not provide data that could 

be analyzed. Although the well was pumped at a nearly constant discharge of 

about 10 gpm, an uncharacteristic aquifer response was noted after the 

drawdown reached approximately 65 feet. Until this drawdown was reached, the 

well performed much as was expected and the data resembles normal aquifer test 

results with the exception of a small bulge at the point where the drawdown 

reached the top of the screened interval. This is most likely due to an 

increase in the effective radius of the well. Once the drawdown had reached 

about 65 feet, however, the data displayed a sudden flattening and only 2.34 

feet of additional drawdown were obtained in a pumping period exceeding 240 

minutes. A possible explanation of this flattening of the curve is that a 

fairly large void exists below this level in the well. Since the size of the 

void is unknown, it was not possible to analyze the data. In addition, the 

relatively short pumping period prior to reaching a drawdown of 65 feet causes 

attempts to interpret this data to result in erroneously high values of 

transmissivity. 

Although the pump test performed on the fire protection well did not 

allow aquifer characteristics to be obtained, several pertinent observations 

about the well were noted. At a depth of about 29 feet below the ground sur

face, a leak in the well seal was observed. In addition, the pump has been 
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set below the top of the screened interval. The risk of contamination from 

the gasoline spill and/or from leachate from septic leach fields in the area 

are increased because of the leak and by drawing the water level in the well 

down below the top of the well screen. During the pump test, at a discharge 

of about 10 gpm, the water level was drawn down below the top of the screened 

interval. It has also been noted by SLA personnel and a local driller that 

the water level can be drawn down below the pump intakes at higher pumping 

rates. This indicates that the maximum safe yield of the well is somewhat 

less than about 10 gpm. 

The pump test on the privately owned well provided data that was analyzed 

to estimate the transmissivity of the aquifer. Due to the lack of observation 

wells, it was not possible to obtain an analytical estimate of specific yield 

of the aquifer. The well was pumped for a to'tal of 10.5 hours at discharges 

ranging from 10 to about 60 gpm. The final discharge rate of 61 gpm was main

tained for a period of about 5.5 hours and the total drawdown observed was 

only 20.47 feet. The aquifer behaves as if unconfined at this location. 

Analysis of the data reveals that the aquifer hydraulic conductivity is about 
2 

10 feet per day (75 gpm/ft ) and published values for specific yield for 

materials similar to those thought to exist at this well are in the range 0.1 

to 0.2 (see Appendix C, section 3). It is concluded, therefore, that wells 

intercepting substantial sand layers in this locale, and have a fairly large 

saturated thickness, will probably perform adequately. Also, since this well 

produces at a much higher rate than most other wells in Riverside, the pump 

test provides additional support for the fact that the aquifer exhibits a 

great deal of heterogeneity. 
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VI. WATER QUALITY 

Presented in this chapter will be an overview of the regional and local 

water quality of the study area. Specific sections will be devoted to a 

discussion of the major ion composition of the groundwater as well as water 

quality related to the U.S. Environmental Protection Agency drinking water 

standards. 

6.1 Regional Water Quality 

Water moving along the atmospheric side of the hydrologic cycle and 

reaching the continents is chemically relatively pure, and its character 

develops slowly as a result of the contact with the layers through which the 

water percolates. Thus, the composition of water, the type and the amount of 

its chemical constituents, also give information on the history of the ground

water and on its path since infiltration. 

When precipitation reaches the land surface, it contains only a small 

amount of gases and some impurities absorbed from the air. Carbon dioxide is 

the most important among these constituents because it increases the solution 

capacity of water by disassociating into carbonic acid. The total salt con

tent of water increases only to a small extent if the terrain is formed from 

igneous or metamorphic rocks because the minerals composing these rocks are 

hardly soluble. The water percolating through carbonate rocks becomes almost 

saturatd by dissolving salts, mostly calcium and magnesium carbonates. 

Similarly, high salt content characterizes the water stored in loose clastic 

sediments, especially when it percolates through the upper soil, the fine 

grained sediments generally contain large amounts of soluble salts. 

A great part of soil is composed of clay minerals which represent the 

final stage of the decomposition of various silicates. Besides the develop

ment of clay minerals, some cations become. free during decomposition. These 

cations are partially bound to the free charges of clay minerals while other 

portions are dissolved in groundwater and soil moisture. There is a well

defined order of these exchangeable cations according to their adsorption 

capacity. The weakest binding characterizes sodium which is followed by 

potassium and the other alkaline metals. The rest of the series is composed 

of the alkaline earth metals, magnesium being the last, but one in the series 

which is ended with calcium having the strongest attraction to crystalline 

grains. This is the reason why sodium is leached out first by infiltrating 
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water from the profile and calcium remains dominant in leached soils. During 

the further development of the process, calcium ions reach the groundwater as 

well, and the free electrostatic charges of clay minerals are neutralized by 

hydrogen ions. Thus, the development of calcareous and acidic leached soils 

characterizes groundwater recharge areas. Cations washed into the groundwater 

increase the salt content of the latter and are carried by groundwater flow to 

the drainage (groundwater discharge) areas where the water is discharged by 

high evapotranspiration. The salts transported by the water remain in the 

soil after evaporation and accumulate. Thus, groundwater drainage areas are 

characterized by high salt content, sodium being the dominant cation in the 

profile. 

The chemical analysis is not limited to the determination of the con

centration of cations, among which Na+, K+, Mg++, and Ca++ are generally 

measured, but the measurement of the amount and the sum of dissolved salts as 

well as total hardness also give important information. 

The character of dissolved anions also changes gradually as infiltrated 

water propagates along the subsurface stretch of the hydrologic cycle. 

Hydrocarbonates are the dominant salts at the beginning of the process. In 

the second phase, the occurrence of chlorides is characteristic, and in the 

third stage they become dominant beside HC03-. The hydrocarbonates are sub

sequently supplemented by sulphates and finally, all the other anions are 

negligible compared to chlorides, e.g., in seawater. The shallow groundwater, 

having direct contact with the surface, should be a water of hydrocarbonate 

type. Connate water stored in marine sediments preserves the original 

character of the seawater, having a high rate of chlorides. The presence of 

chlorides in shallow groundwater indicates, therefore, water exchange with 

deep-lying layers. Sulphates in shallow groundwater originate, in most cases, 

from special minerals in the aeration zone~ e.g., pyrite. 

Regionally, the Southern Saratoga Valley, characterized by the North Park 

Formation and Precambrian mountains, is considered to be a groundwater 

recharge area. In general, areas flanked by various mountains are principal 

recharge zones where residence times for groundwater are relatively short and 

flow rates are great due to snowmelt and high topographic relief. 

The surficial sedimen-ts of the North Park formation and the Quaternary 

terraces and alluvium are relatively permeable and therefore capable of 

recharging underlying aquifers. Widespread layers of calcareous soils 
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(described in Chapter II) located in the region characterize groundwater 

recharge areas. Further evidence is provided by the Encampment River, a river 

that loses water to the surface aquifer and thereby recharges it. 

Chemical analysis of the regional groundwater in the North Park formation 

indicates that the water is of the calcium-bicarbonate type and low in total 

dissolved solids (less than 500 mg/l). Chemical qualities are generally very 

good because the units comprising the aquifer in the Saratoga Valley have 

large permeabilities. 

The primary drinking water standards established by the u.s. 
Environmental Protection Agency provide the basis for testing regional ground

water supplies. Large amounts of information have been gathered concerning 

fluoride and selenium concentrations within the region. Sparse information is 

available for the remaining eight inorganic species for which primary drinking 

water standards have been set. Concentrations of fluoride above the standard 

(2.0 mg/l) are encountered in the region but are usually restricted to the 

deep confined aquifers. Occurrences of selenium concentrations in excess of 

the primary drinking water standard (0.01 mg/l) have also been reported but 

once again, they have been restricted to the aquifers below the North Park 

formation. These aquifers do not exist in the study area. 

In the case of radionuclear species, data has been collected on gross 

alpha activity as well as radium 226 and uranium. Generally, gross alpha and 

radium levels were below the drinking water standards except in waters tested 

from the very deep formations. There have been occurrences of high uranium 

concentrations within the region. 

The maximum contaminant levels for organic chemicals (chlorinated hydro

carbons, lindane, methorychlor, toxaphene, chlorophenoxys and total 

trihalomethanes) have not been surpassed, or in most cases even detected, in 

the study region. 

6.2 Local Water Quality 

In the vicinity of Riverside, conditions exist which sugges·t that the 

North Park aquifer is a local discharge area. Several different lines of evi

dence support this conclusion. First, it appears that the Precaroorian surface 

is highly irregular as illustrated in Figure 2.7, and may be controlling 

groundrNater flow in this area. As the Precambrian rock layer rises to the 

surface, groundwater flowing along the Precambrian boundary will be forced to 
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the surface. There is evidence of this occurring in the area east of 

Riverside where two groundwater springs and isolated Precambrian outcroppings 

exist. Thus, a locally high groundwater table results, and the permeable 

nature of the surface soil layer may allow substantial amounts of infiltrated 

rainfall to evaporate. Salts accumulated by the infiltrated water remain in 

the soil after evaporation, with sodium being the dominant cation in the pro

file. Since the pH of the surface soil layer is approximately 8.5, the area 

fits the description of a discharge zone because it exhibits a high salt con

tent and has basic soils. 

Another factor that indicates Riverside is locally a discharge area is 

the chemistry of the groundwater. Chemical analysis of several water samples 

has revealed high concentrations of sodium, fluoride and chloride and high pH 

values (8.0 to 8.2). Results of the chemical analysis are presented in 

Appendix D. 

Under normal groundwater conditions, the occurrence of chloride is 

limited in extent. Sources include sewage, intruding seawater and connate 

water. Widespread sewage pollution has not been reported IQcally and seawater 

intrusion is not likely, so the presence of chloride in the shallow ground

water indicates water exchange with deep-lying layers. Also, high flouride 

concentrations indicate waters from deeper-lying aquifers. The high flourides 

result from flouride minerals in the igneous Precambrian rock up gradient of 

Riverside. If recharge was a dominant force, one would expect a dilution 

effect from infiltrated rainfall. However, the high concentrations of 

chloride do not support the conclusion. This result also indicates a local 

discharge area. 

The water samples collected, analzyed and presented in Appendix Dare 

representative of the groundwater below Riverside. In general, the primary 

discharge water standards for fluoride and sodium have been exceeded. The 

maximum sodium level for people on a low sodium diet or with heart trouble 

usually ranges from 20 to 110 parts per million. Referring to Appendix D, the 

collected samples ranged in sodium content from 130 to 160 parts per million. 

Depending on the temperature, the fluoride level should range between 1.4 and 

2.4 mg/l but all samples collected exceed 6.4 mg/l. The high sodium content 

has been explained by the salts that accumulate in the soil after evaporation 

of infiltrated rainfall, but the high fluoride content exhibited by the 

groundwater requires further explanation. High concentrations of fluoride 
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usually indicate long residence times of groundwater and are occasionally 

found in groundwater with high pH values. One mechanism thought to be respon

sible for this is anion exchange. In parent material like kaolinite or simi

lar minerals, OH- anion sites are available for exchange. Fluoride anions can 

replace OH- anions because they are the same shape and charge. Groundwater 

having long residence times in the North Park formation or in weathered 

Precambrian granite and gneiss may have been exposed to this process since 

weathering products of granites and reworked granites and gneiss would tend to 

have OH- particles available for exchange. 

After examining the fluoride concentrations in the shallow aquifer wells 

in Riverside, differences are noticed as the wells are located nearer the 

Encampment River. In all likelihood, this situation demonstrates the dilution 

effect of a losing stream such as the Encampment River and is tabulated below. 

Sampling Point 

Encampment River 
Well 24 
Well 12 

Distance from River 

-0-
600 ft 

1100 ft 

Fluoride Level 

0.2 mg/l 
6.6 mg/l 

10.4 mg/l 

The bacteriological quality of the local groundwater wells has been 

affected in the past by the numerous septic tank and leach field systems in 

Riverside. Excessively high total coliform levels have caused the abandonment 

of one well, Well 19, and have led to seasonal abandonment of several other 

wells. The seasonal contamination of wells, occurring during periods of high 

discharge in the irrigation ditch and the Encampment River, is caused by a 

reversal of the local hydraulic gradient resulting from an increased water 

table. The water analysis reports presented in Appendix D indicate that the 

normal total coliform level is less than 1 mg/l which is within the safe 

drinking water standards. An additional source of bacteriological con

tamination is the Encampment sewage ditch that flows within the city limits of 

Riverside. Analysis reports of the water quality in the ditch indicate that 

this water is bacterially unsafe, however, a nearby well (within 100 feet) 

that was analyzed for contamination (Well 2, also called the Martin well) 

reveals a total coliform level less than 1 mg/l (see Appendix D). Although 

there is no evidence suggesting possible contamination from the unlined sewage 



51 

ditch, it is still considered as a likely source of bacteriological pollution 

in nearby shallow wells. 

The quality of the shallow aquifer water in Riverside has recently been 

influenced by a purported petroleum leak in May of 1980. The leak is 

suspected to have originated from the underground petroleum tanks of the 

Riverside Husky station. These tanks have since been drained and replaced 

with new tanks but still remain in their original underground position. It is 

likely that the leaked petroleum is floating on the upper surface of the water 

table and is traveling through the shallow aquifer system diluting itself, 

and will eventually reach the Encampment River. There have been reports from 

local well owners of gas contaminated water in Wells 13, 15, 16, 18 and 23. 

Based on this information, 18 water samples were collected on April 20th to 

determine the extent of the gas plume. The results of the water quality 

analysis on these samples were not available during the wri-ting of this 

interim report but will be available for discussion at a later date. 

Conversations with local well owners during the sampling prograrn provided the 

information needed to map the extent of the gas plume and is indicated in 

Figure 6.1. The location of the plume east of well 20 has been assumed based 

on the local groundwater flow regime. Although the gas plume in Figure 6.1 

shadows the location of deep wells (wells drilled to a depth greater than 80 

fee-t) along with shallow wells, it is not intended to mean that these wells 

are also contaminated. It merely provides a qualitative assessment of the 

areal extent of the gas plume in the near surface aquifer. To date, there 

have been no indications of gas contamination in any of the deeper wells. 

Evidently a thin clay layer, approximately 25 feet down separates groundwater 

flow in this local of the aquifer. 

To illustrate the water quality problems likely to be encountered by 

residents in Riverside, we will examine the history of the water quality in 

Well 13, the Miller well. Originally, the water in the Miller well probably 

exceeded the drinking water standards for fluoride and sodium and tends to 

remain that way. Shortly after the purported gas leak in May, 1980, Mrs. 

Miller noticed a strong gas odor in her tap water. This well was tested twice 

for gasoline contamination and the results indicated that it was, in fact, 

contaminated in September, 1980 (see Appendix D). r1rs. Miller decided to 

vigorously pump her domestic well in an effort to extract the gasoline con

taminated water from the \'1e11. This effort proved futile but she did succeed 
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in reversing the local hydraulic gradient and began pumping sewage con

taminated water which emanated from her own septic tank and leach field. The 

solution to Mrs. Millers' problem was to drill a new well which was completed 

in April, 1982. The new well is 150 feet deep and produces water at a rate of 

3 gallons per minute. Water quality samples of the new well, taken by members 

of Simons, Li & Associates, Inc. are now being analyzed and will be available 

for discussion at a later date. 
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VII. WATER SUPPLY DEVELOPMENT ALTERNATIVES 

7.1 Introduction 

As a consequence of discussions with the Mayor of Riverside and local 

residents and based on our interpretation of the available data, we have 

derived and compared three water supply development alternatives. In this 

chapter these alternatives are described. The alternative comparison and the 

recommended alternative will be addressed in Chapter VIII: Summary and 

Recommendations. A listing of the three alternatives is: 

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. 

7.2 Alternative 1: Utilize the Existing Fire Hydrant Well 

Historically, the existing fire hydrant well was reported to yield 45 

gpm. From our investigation, the well is only capable of producing 10 gpm. 

Such a supply is satisfactory for the current Riverside needs. The water 

quality analysis for this well (Figure 0.4) indicates that the water is accep

table except for high flouride content. 

It is believed that the casing in this well has ruptured or failed. This 

conclusion was drawn from results of pumping tests on April 7 and April 21: 

shorting of the electric depth meter at around 27 feet of depth and obser

vations of well bore inflow through the casing at 29 feet of depth. Thus, the 

faulty casing would have to be fixed or replaced. This could be repaired by 

pressure grouting the locations where the casing was found to be cracked or 

broken. Pressure grouting could possibly seal off some of the production zone 

through any possible "short circuits" in the well bore or the aquifer itself. 

A more acceptable method to utilizing this well would be to use it as an 

observation well and drill another observation well nearby. A pump well would 

then be drilled in a location such that a pump test in this well would obtain 

valuable information from all three wells. This would allow the fire hydrant 

well to remain as a standby fire protection structure. Also, the casing 

problems in the fire well would not be turned into problems in a water supply 

system. 
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The necessary steps to complete this alternative are: obtain an explora

tive permit, siting the observation (piezometric) and pump well locations, 

drilling and casing the observation well, drilling and finishing the pump 

well, pump testing the new pump well, water quality testing, and design of 

civil features. Obtaining an exploration permit is a straightforward process. 

If this alternative is selected, the permitting process is expected to take no 

more than five days. 

Siting of the new observation and pump wells is performed by calculating 

where these wells along with the fire well will together yield pertinent 

information during a 20 hour pump test. When these calculations are complete, 

the relative locations of the observation wells to the pump well are known. 

Since the fire well is already in place, the other two wells are situated on 

the town property in conformance with the spacing requirements. 

The drilling of the observation well (150+ feet) should take no longer 

than a day. A three to four inch hole will be drilled and this well bore will 

be cased down to the water table with solid PVC casing and below the water 

table with slotted PVC casing. This type of well completion will allow 

observation of water levels and even water sampling while preventing any sur

face contamination. 

Drilling and finishing the pump well will be accomplished as outlined in 

Appendix E. A 10 inch hole will be drilled and six inch steel casing placed 

with gravel packs for the perforated zone and surface seals. 

Drilling chips of the pump well and the observa-tion well will be obtained 

to 1) log the well stratigraphy, and 2) obtain information on the size distri

bution of the North Park aquifer in order to properly design the well gravel 

pack. 

Pump testing will be performed over a 15 to 30 hour period. The length 

of the test depends on the types of responses that are found in the obser

vation wells and the time of these responses. At the end'of the pump 

testing, water quality samples will be taken and then laboratory tested. 

Finally, civil features will be designed for water supply system and pro

tection facilities. 
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7.3 Alternative 2: Drill, Finish and Test a New Well and an Observation Well 
to the North Park Aquifer on the west Side of Riverside 

The increased productivity of domestic wells on the west side of town and 

information given by a local well driller have suggested that the North Park 

aquifer is likely to produce more water in this area. The Mary Wyant well, 

located in this section of town, has produced water at a constant discharge of 

60 gpm and the owners of well 1, also located in this section, have reported 

that the production rate of their domestic well exceeds 15 gpm. Conversations 

with a local well driller from Saratoga have implied that there is an ample 

municipal water supply for Riverside the further west a well is located from 

the Encampment River. Our analyses have indicated that in the center of 

Riverside, wells do not often yield more than 10 gpm unless the wells are 

located in the river alluvium. We have discovered through our literature 

search and a pump test that the North Park aquifer yields more water in the 

western city limits. Possible well site locations are restricted to lots and 

property owned by the town of Riverside. At the present time, the town owns 

the property for all alleys and streets, developed or undeveloped and one lot 

in block 5 as well as lots 13 to 16 in block 12 (see Figure 4.2). After eva

luating all possible well site locations, lots 13 to 16 in block 12 appear to 

be the most a"ttractive. This location is ideally suited for a municipal water 

supply well because 1) the elevation of lots in block 12 is higher than the 

majority of lots in Riverside making it an ideal lcoation for a municipal 

water storage tank; 2) it is up gradient of the Encampment sewage ditch and 

the purported gas plume and is isolated from all local septic tank and leach 

field systems; and 3) it is outside the 100-year floodplain and will tap the 

water supply of the North Park aquifer. 

The exploration permitting process for this alternative has been ini

tiated. An application for permit to appropriate groundwater, Form U.W.5, has 

been completed by Simons, Li & Associates, Inc. for the Town of Riverside and 

will soon be submitted to the Wyoming State Engineer's Office. 

The placement of the water supply well and the two observation wells will 

be based on the estimates of transmissivity and specific yield determined by 

the Level III analysis. Once the water supply well location has been deter

mined, the two observation wells will be placed such that the first is located 
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within a 50 foot radius of the water supply well and the second within a 100 

foot radius of the water supply well. 

The procedures for drilling and casing of the two observation wells will 

be the same as that indicated for Alternative 1. Assuming the water supply 

well is drilled to a depth of 100+ feet, the first observation well will be 

drilled to a depth of 100+ feet also while the second will be drilled 80+ 

feet. All well drilling will be accolnplished in no more than two days time 

and will be supervised by personnel from Water, waste and Land, Inc. Drilling 

chips of the water supply well and the two observation wells will be obtained 

as in Alternative 1. Finishing the water supply well will include casing the 

well bore and sealing off all zones but the water production zone. This type 

of well completion is found in Appendix E, Figure E.1. 

Upon well completion, the water supply well would be pump tested, uti

lizing a step drawdown test, at a discharge varying from 30 to 80 gpm for a 

period of 15 to 30 hours. Once again, the duration of the test depends on the 

types of responses that are found in the observation wells and the time of 

these responses. Analysis of the pump and recovery test data will allow com

putation of the transmissivity and specific yield of the aquifer. Incor

porated into the pump testing procedure will be the collection and subsequent 

analysis of water quality samples. 

The final product of this alternative would be to design the civil 

features for the water supply well. 

7.4 Alternative 3: Purchase water from Encampment and Pump It Northeast to 
Riverside 

Another alternative consists of purchasing water from the town of 

Encampment. Presently, Encampment has water rights to six cubic feet per 

second (3.9 x 10
6 

gpd) from the North Fork of the Encampment River (BRW, 

1980). The reported production from this source is 100 gallons per minute 

with an average consumption rate of 250 gallons per person per day (Richter, 

1981). The water supply system of Encampment consists of a 500,000 gallon 

water storage tank, a 650,000 gallon raw water pond and the necessary water 

supply mains. The water supply mains presently service the majority of the 

residents in Encampment and also a few residents located in the southern city 

limits of Riverside. A flat rate of $10 per month is currently charged all 

residents serviced by the water supply system for an unlimited amount of 
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water. 

Conversations with the Encampment water commissioner indicate the 

existing water supply mains are in need of replacement. During times of peak 

usage, the old 4 inch lines are unable to supply the water necessary to 

satisfy the demand. Preliminary investigations have been initiated to replace 

the old system with larger water supply mains 6 to 8 inches in diameter. The 

water users in Encampment currently believe that the present water supply is 

often times inadequa-te to meet their daily living requirements. According to 

the water commissioner, enough water is available to meet their needs given a 

new system of water mains that will supply the pressure needed during times of 

peak demand. He did admit, however, that water for an additional 50 to 70 

people is not available with the present water supply. 

If further investigation reveals that water is available for the town of 

Riverside, the steps necessary to complete this task are simply the selection 

of this alternative by the water Development Commission. Since this alter

native is not a groundwater supply, we believe that this project would ter

minate upon selection of this alternative. 

Water quality would not be a problem since the purchased water is already 

from a water supply. The firm commitment of the supply, if available, can be 

guaranteed by a contract agreement with Encampment. 

The only costs associated with this alternative are the water usage rates 

charged by Encampment. Since a water main currently exists that extends to 

the city limits of Riverside, it is anticipated that the costs of tapping into 

this line wlil be minimal. 
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VIII. SUMMARY AND RECOMMENDATIONS 

The town of Riverside is presently on an individual groundwater supply 

system. These supply wells exhibit relatively small yields (1 to 10 gpm) but 

sufficient for the people that they serve. Many wells have been contaminated 

by biological or organic pollutants. Also, wells within the alluvium and the 

100-year floodplain tend to get biologically contaminated during the spring 

runoff season in the Encampment River. This is due to flooding of the indivi

dual septic systems during this time. 

The town has a present requirement of 7 gpm which is predicted to grow to 

12 gpm by the year 2000. 

The local groundwater hydrologic scenario has the North Park formation 

overlying Precambrian rock. The North Park formation is a sedimentary deposit 

laid down during Miocene times. The North Park is highly variable in com

position ranging in unconsolidated sands and gravels to indurated silts and 

sands. Clay lenses also appear at certain depths. The Precambrian rock is a 

dense igneous rock of little hydrologic value, although water may be found in 

fractures. 

The composition of the North Park has locally divided the groundwater 

into confined and unconfined regimes. This divide occurs at about 40 feet 

below the ground surface. Piezometric levels tend to indicate a very similar 

hydraulic gradient for the North Park confined and unconfined subsystems and 

this is why it is believed that the division of North Park groundwaters is 

only on a local basis. 

Water is generally encountered from 4 to 20 feet below the land surface. 

Seasonal (Encampment River) and local (irrigation and sewage ditches) controls 

can locally bring the water table to the ground surface. The availability of 

water is extensive although the actual yield of this water to wells is 

variable. This variability manifests itself in a banding of high and low 

transmissivities. High transmissivities occur near the Encampment River in 

the river alluvium. Away from the river, and through the center of town, the 

transmissivity appears to be about an order of magnitude lower. still further 

away from the river, and on the west of town, the high transmissivity is again 

encountered. Physical evidence for the tighter aquifer characteristics in 

town may result from the increased percentage of silts and clays in the North 

Park formation. 



60 

The water quality of the area, in its natural state, was generally good 

except for high flouride and sodium concentrations. Lately, groundwater con

tamination due to individual septic systems, gasoline leaks and a sewage ditch 

has occurred. Most of this contamination occurs in the central part of town. 

Of the three alternatives discussed in Chapter VII, all have distinct 

advantages and disadvantages, but Simons, Li & Associates, Inc. has assessed 

that Alternative 2; drilling observation and pump wells in the west section of 

town, appears to be the best alternative to pursue. The costs for all alter

natives can be covered under the existing contract. 

The first two alternatives have similar disadvantages. First, they are 

both likely to encounter the same water quality problems presently exhibited 

by the local groundwater wells, i.e., high flouride and sodium concentrations. 

Treatments for high flouride concentrations are an expensive undertaking at 

the present time. Second, the heterogeneity of the North Park aquifer does 

not guarantee a high producing well for either alternative. It is apparent 

that it is difficult to locate a well that will produce in a manner similar to 

the Wyant well. It should be noted, however, that a well that produces 12 gpm 

at a constant discharge is likely to supply the town's needs for the next 20 

years and it is felt that a well of this production rate is more likely to 

occur in the west section of Riverside. The major disadvantage of the third 

alternative is that an available supply of water from Encampment may not 

exist. 

Given that the third alternative cannot be pursued, Alternative 2 has 

obvious advantages over Alternative 1. The location is 1) ideally suited for 

a water storage tank, 2) up gradient 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 floodplain. Also, in the event that Alternative 2 

does not produce a well capable of supplying the town's needs, it is con

ceivable that water from the existing fire well could be used to supplement 

the system if pumped at a discharge less than 10 gpm. 
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Table A. Piezometric Map Data, Riverside Area. 

Ground Surface Depth to Water Surface 
Well Elevation Static Water Elevation 

Location (ft) (ft) (ft) 

14-83-01 
SE-1/4 of NE-1/4 7300 13 7287 

14-83-03 
SW-1/4 of NW-1/4 7237 23 7214 

SE-1/4 of SW-1/4 7257 10 7247 

14-83-04 
NE-1/4 of NE-1/4 7240 20 7220 

SE-1/4 of NE-1/4 7260 20 7240 

14-83-06 
Riverside (2)* 7137 25 7112 

NW-1/4 of NE-1/4 (4)* 7160 27 7133 

SW-1/4 of NE-1/4 (5)* 7200 36 7164 

SE-1/4 of NE-1/4 7220 102 7118 

NW-1/4 of NW-1/4 (6)* 7150 6 7144 

NW-1/4 of SW-1/4 7156 5 7151 

NW-1/4 of SE-1/4 (3)* 7210 43 7167 

SW-1/4 of SE-1/4 7300 6 7294 

14-83-19 
NE-1/4 of NE-1/4 7940 3 7937 

SE-1/4 of NW-1/4 (2)* 8200 7 8193 

14-83-21 
SE-1/4 of SW-1/4 8300 3 8297 

NE-1/4 of SE-1/4 (2)* 7900 45 7855 



Table A. continued 

Ground Surface Depth to water Surface 
Well Elevation Static Water Elevation 

Location (ft) (ft) eft) 

14-84-01 
Riverside (4)* 7160 26 7134 

NE-1/4 of NE-1/4 (5)* 7160 13 7147 

SE-1/4 of NE-1/4 (5)* 7180 10 7170 

NE-1/4 of SW-1/4 (2)* 7300 11 7289 

NW-1/4 of SW-1/4 (2)* 7330 18 7312 

SE-1/4 of SW-1/4 (3)* 7320 24 7296 

Nt"l-1/4 of SE-1/4 7260 8 7252 

14-84-02 
NE-1/4 of NW-1/4 7400 31 7369 

NE-1/4 of SE-1/4 7360 22 7338 

14-84-19 
NW-1/4 of NW-1/4 8360 42 8318 

14-84-21 
SE-1/4 of SW-1/4 8200 35 8165 

15-83-06 
NW-1/4 of NW-1/4 (2)* 7131 25 7106 

SE-1/4 of NW-1/4 7186 100 7086 

15-83-09 
NW-1/4 of NE-1/4 7080 15 7065 

SW-1/4 of SE-1/4 7155 6 7149 



Table A. continued 

Ground Surface Depth to Water Surface 
Well Elevation Static Water Elevation 

Location (ft) (ft) (ft) 

15-83-10 
SW-1/4 of NE-1/4 7260 90 7170 

15-83-11 
NE-1/4 of SE-1/4 7012 0 7012 

15-83-13 
SW-1/4 of NW-1/4 7145 70 7075 

15-83-14 
NW-1/4 of SW-1/4 7170 70 7100 

SW-1/4 of SE-1/4 7155 50 7105 

15-83-16 
NW-1/4 of NE-1/4 7190 12 7178 

15-83-19 
SW-1/4 of NW-1/4 7135 15 7120 

NW-1/4 of SW-1/4 7150 55 7095 

SW-1/4 of SW-1/4 7140 30 7110 

15-83-21 
SE-1/4 of NW-1/4 7104 80 7024 

SW-1/4 of SW-1/4 7120 36 7084 

15-83-24 
SW-1/4 of SE-1/4 7200 100 7100 

15-83-28 
SW-1/4 of NW-1/4 7150 30 7120 

SW-1/4 of SW- 1/4 7165 30 7135 



Table A. continued 

Ground Surface Depth to Water Surface 
Well Elevation Static Water Elevation 

Location (ft) (ft) (ft) 

NW-1/4 of SE-1/4 7150 30 7120 

15-83-29 
NE-1/4 of NW-1/4 7082 30 7052 

NW-1/4 of SW-1/4 7100 30 7070 

NE-1/4 of SE-1/4 7119 30 7089 

15-83-30 
NE-1/4 of NE-1/4 7073 10 7063 

NW-1/4 of NW-1/4 7140 50 7090 

15-83-31 
NE-1/4 of NE-1/4 7120 20 7100 

NE-1/4 of SW-1/4 7123 8 7115 

NW-1/4 of SW-1/4 7116 14 7102 

SE-1/4 of SW-1/4 (2)* 7146 7 7139 

NW-1/4 of SE-1/4 (2)* 7135 7 7128 

SW-1/4 of SE-1/4 (9)* 7155 16 7139 

SE-1/4 of SE-1/4 (8)* 7160 13 7147 

15-83-32 
NW-1/4 of NE-1/4 7170 30 7140 

NW-1/4 of SW-1/4 7165 30 7135 

SW-1/4 of SW-1/4 7198 30 7168 

SE-1/4 of SW-1/4 7200 37 7163 



Table A. continued 

Ground Surface Depth to Water Surface 
Well Elevation Static Water Elevation 

Location (ft) (ft) (ft) 

NE-1/4 of SE-1/4 7200 30 7170 

SE-1/4 of SE-1/4 7205 30 7175 

15-83-33 
SE-1/4 of NE-1/4 (2)* 7203 25 7178 

SE-1/4 of SE-1/4 7240 35 7205 

15-83-34 
SW-1/4 of SW-1/4 (2)* 7210 15 7195 

SE-1/4 of SW-1/4 7220 23 7197 

15-84-01 
NE-1/4 of SW-1/4 7146 9 7137 

SE-1/4 of SW-1/4 7160 19 7141 

15-84-10 
NE-1/4 of NE-1/4 (2)* 7267 69 7198 

15-84-12 
NW-1/4 of NW-1/4 7180 70 7110 

15-84-13 
SW-1/4 of SW-1/4 7390 15 7375 

15-84-33 
NE-1/4 of NE-1/4 (2)* 7555 6 7549 

15-84-36 
SE-1/4 of SE-1/4 7150 25 7125 

*More than 1 well listed at this location. The number of wells is given 
inside ( ) , and elevations tabulated are the average values for that set 
of wells. 
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Nonequilibrium Equation for Pumping Test 

When a well penetrating an extensive aquifer is pumped at a constant 

rate, the influence of the discharge extends outward with time by drawing down 

water levels. Since the discharge water must come from a reduction of storage 

within the aquifer, the water levels will continue to decline as long as the 

aquifer is effectively infinite. Therefore, no steady state flow can exist. 

The rate of decline, however, decreases continuously as the area of influence 

expands until the water entering the drawdown surface equals the water being 

pumped. 

The differential equation applied to this situation is expressed as 

a 2h 1 a h 
--+ 
a r2 r a r 

S ah 

T at 

where T is the coefficient of transmissivity 

S is the specific yield (for unconfined aquifers) 

t is the time since beginning 0 f pumping 

r is the radius away from the pump well; and 

h is the height of saturated aquifer. 

Theis obtained a solution of Equation 1 and expressed the solution as 

h 
o 

- h 
-u 

e 
u 

du 

(1) 

(2) 

2 
r S 

where u ,h is the initial aquifer saturated thickness, and Q is the 
4Tt 0 

constant well discharge. Equation 2 is known as the nonequilibrium, or Theis, 

equation. The nonequilibrium equation can be expanded as a convergent series 

as: 

h 
o 

2 
Q _u_+ 

- h = 4nT[-O.S772-ln u+u - 2.21 

3 
u 

3.31 

4 
u + • • • ] 

4.4! 
(3) 

The nonequilibrium equation permits determination of the formation constants 

Sand T by means of pumping tests of wells, or if the constants are known, 



the drawdown can be computed for a given well discharge. By using field 

values, the nonequilibrium equation can be expressed as 

where h 
o 

h 
o 

_ h 114.6Q W( ) = T u (4 ) 

h is the drawdown in feet, Q is the well discharge in gallons 

per minute, T is the coefficient of transmissivity in gallons per day per 

foot, and W{u) is the exponential integral well function from Equation 2. 

The argument u is given by 

u (5) 

where S is the dimensionless storage coefficient (specific yield for 

unconfined aquifers), r is the influence radius in feet from the discharge 

well, and t is the time in days since pumping started. 
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Table C-1. Aquifer Test Data For Fire Hydrant Well. 

WWL Project Number: 1641 Test Number 1 
Test Site: Riverside~ Wyoming 
Pump Start Time and Date: 7:03:19 April 21~ 1982 
Pump Stop Time and Date: 15:03:19 April 21~ 1982 
Pumped Well: Fire Hydrant Well 
Observation Well: Fire Hydrant Well 
Total Volume Pumped: 4724 Gallons 
Depth To Static Water: 25.06 feet 

Elapsed Time Depth To Water Elapsed Time 
(HH:MM:SS) (ft.) (HH:MM:SS) 

0:00:00 25.06 0:00:00 
0:00:18 25.44 0:02:00 
0:01:24 26.00 0:03:19 
0: 03: 00 26.68 0:05:30 
0:04:30 27.12 0:07:20 
0:06:30 28.18 0:14:11 
0:09:07 29.55 0:18:19 
0:12:29 31.97 0:30:15 
0:15:00 33.11 0:38:18 
0:17:23 33.94 0: 53 : 38 
0:20:35 35.02 1:08:50 
0:25:07 37.88 1:14:40 
0:29:06 40.00 1:26:00 
0:33:19 41.34 1:31:42 
0:37:23 42.94 1:34:14 
0: 43: 10 45.47 1:47:30 
0:49:30 49.60 1:55:00 
0:56:23 52.84 2:02:00 
1:04:36 58.25 2:22:20 
1:10:11 62.12 2:34:00 
1:17:54 67.40 2:52:10 
1:19:08 68.38 3:02:30 
1:26:45 73.32 3:18:00 
1:32:17 77.06 3:47:20 
1:37:41 80.51 4: 13: 00 
1:45:45 83.98 4:40:00 
1:56:43 87.74 5:25:20 
2:00:00 88.45 5:35:00 
2:10:23 89.45 6:20:00 
2:11:34 89.55 7:05:00 
2:20:00 91.76 8:00:00 
2:34:11 95.40 
2:50:38 99.10 
2:54:53 100.19 
3:00:00 101.56 
3:17:10 103.56 
3:39:18 105.48 
3:50:17 105.69 
3:51:30 105.72 
4:00:00 105.86 
4:22:33 106.18 
4:47:24 106.49 

Pump Discharge 
(gpm) 

10.71 
10.71 
10.34 
10.34 
10.71 
12.15 
10.34 
10.68 
10.68 
10.17 

9.84 
9.77 
9.80 
9.93 

10.08 
9.98 
9.72 

10.24 
9.77 
9.80 

10.19 
10.40 

9.48 
9.51 
9.68 
9.26 
9.54 
9.33 
9.51 
9.38 
9.60 



Table C-1. Aquifer Test Data For Fire Hydrant Well (Con't). 

WWL Project Number: 1641 Test Number 1 
Test Site: Riverside, Wyoming 
Pump Start Time and Date: 7:03:19 April 21, 1982 
Pump Stop Time and Date: 15:03:19 April 21, 1982 
Pumped Well: Fire Hydrant Well 
Observation Well: Fire Hydrant Well 
Total Volume Pumped: 4724 Gallons 
Depth To Static Water: 25.06 feet 

Elapsed Time 
(HH:MM:SS) 

5:00:00 
5:20:35 
5:35:58 
6:00:45 
6:30:00 
7:00:00 
7:30:00 
8:00:00 
8:00:10 
8:00:38 
8:01:13 
8:03:00 
8:05:38 
8:09:25 
8: 13: 04 
8:17:15 
8:21:12 
8:25:57 
8:32:02 
8:41:15 
8:50:00 
8:52:09 
8:53:08 
8: 53: 53 
8:54:27 
8:55:29 
8:56:24 
8:57:54 
8:58:27 
9:00:18 
9:03:28 
9:05:43 
9:06:46 
9:07:40 
9:08:30 
9:09:19 
9:09:48 
9:10:40 
9:11:05 
9:15:11 
9:16:03 
9:16:52 
9:17:56 

Depth To Water 
(ft.) 

106.62 
106.87 
107 .10 
107 .26 
107.44 
107 .73 
107 .94 
108.20 
108.20 
108.09 
108.07 
107 .99 
107 .85 
107 .74 
107 .56 
107 .36 
107 .22 
106.98 
106.62 
105.99 
103.20 
101.62 
100.00 

99.00 
98.00 
97.00 
95.80 
93.78 
92.70 
90.00 
88.20 
84.15 
82 .29 
80.00 
77.31 
74.80 
73.41 
71.09 
70.00 
59.02 
56.71 
54.60 
52.62 

Elapsed Time 
(HH:MM:SS) 

Pump Discharge 
(gpm) 



Table C-1. Aquifer Test Data For Fire Hydrant Well (Con't). 

WWL Project Number: 1641 
Test Site: Riverside# Wyoming 
Pump Start Time and Date: 7:03:19 
Pump Stop Time and Date: 15:03:19 
Pumped Well: Fire Hydrant Well 
Observation Well: Fire Hydrant Well 
Total Volume Pumped: 4724 Gallons 
Depth To Static Water: 25.06 feet 

Elapsed Time 
(HH:MM:SS) 

9:18:36 
9:19:33 
9:21:50 
9:26:24 
9:28:26 
9:30:40 
9:33:23 
9:35:05 
9:35:45 
9:36:13 
9:36:55 
9:37:25 
9:37:51 
9:38:22 
9:39:22 
9:40:35 
9: 42: 13 
9:48:19 
9:52:28 

10:00:00 

Depth To Water 
(ft.) 

51.59 
50.00 
44.02 
40.00 
36.97 
34.46 
32.33 
29.54 
28.81 
28.27 
27.46 
27.11 
26.89 
26.67 
26.40 
26.12 
25.98 
25.75 
25.71 
25.57 

Test Number 1 

April 21 # 1982 
April 21# 1982 

Elapsed Time 
(HH:MM:SS) 

Pump Discharge 
(gpm) 
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APPENDIX C: SECTION 2 

PUMP TEST DATA FOR MARY WYANT WELL 



Table C-2. Aquifer Test Data For Mary Wyant Well. 

WWL Project Number: 1641 Test Number 2 
Test Site: Riverside, Wyoming 
Pump Start Time and Date: 6:57:16 April 22, 1982 
Pump Stop Time and Date: 17:27:16 April 22, 1982 
Pumped Well: Mary Wyant Well 
Observation Well: Mary Wyant Well 
Total Volume Pumped: 31661 Gallons 
Depth To Static Water: 6.56 feet 

Elapsed Time Depth To Water Elapsed Time 
(HH:MM:SS) (ft.) (HH:MM:SS) 

0:00:00 6.56 0:00:00 
0:00:20 7.65 0:01:00 
0:00:14 9.36 0:02:12 
0:02:52 8.44 0: 03: 00 
0:04:31 8.28 0:06:30 
0:06:15 8.35 0:11:55 
0:08:05 8.39 0: 13: 21 
0:09:41 8.38 0:14:30 
0:10:53 8.40 0:17:23 
0:12:29 8.77 0:23:30 
0: 23: 42 9.59 0:42:17 
0:15:44 9.83 0:51:25 
0:20:00 10.00 0: 53: 00 
0:24:00 10.11 0:54:30 
0:29:27 10.17 1:06:00 
0:34:18 10.20 1:21:38 
0:41:06 10.24 1:23:00 
0:48:49 10.29 1:24.50 
0: 51: 02 10.65 1:36:50 
0:51:46 11.02 2:00:45 
0:52:43 11.16 2:01:24 
0: 53: 45 11.27 2:02:22 
0:59:17 11.38 2:04:13 
1:06:13 11.46 2:07:00 
1: 13: 10 11.52 2:11:10 
1:20:00 11.53 2:29:00 
1:21:42 11.92 2:31:00 
1:22:36 12.41 2:32:10 
1:23:35 12.57 2:34:00 
1:25:00 12.67 2:36:20 
1:30:04 12.84 2:55:00 
1:40:00 12.93 2:59:00 
1:45:00 12.97 3:00:30 
1:55:00 12.99 3:01:55 
2:00:00 13.03 3:04:22 
2: 03: 03 13.60 3:06:10 
2:04:20 13.68 3:21:20 
2:10:00 13.83 3:27:50 
2:15:00 13.87 3:30:40 
2:20:18 13.90 3:32:40 
2:25:00 13.94 3:33:35 
2:30:00 13.95 3:35:00 

Pump Discharge 
(gpm) 

25.00 
25.00 
21.43 
10.71 
12.00 
12.50 
15.00 
21.00 
20.13 
20.34 
21.05 
25.00 
25.42 
25.00 
25.00 
31.58 
31.09 
31.09 
31.25 
33.33 
33.33 
35.29 
35.09 
34.48 
34.48 
35.09 
40.00 
38.96 
37.97 
38.46 
37.97 
37.97 
46.15 
44.78 
44.12 
44.12 
44.12 
44.12 
50.00 
50.00 
48.39 
49.18 



Table C-2. Aquifer Test Data For Mary Wyant Well (Con't). 

WWL Project Number: 1641 Test Number 2 
Test Site: Riverside, Wyoming 
Pump Start Time and Date: 6:57:16 April 22, 1982 
Pump Stop Time and Date: 17:27:16 April 22, 1982 
Pumped Well: Mary Wyant Well 
Observation Well: Mary Wyant Well 
Total Volume Pumped: 31661 Gallons 
Depth To Static Water: 6.56 feet 

Elapsed Time Depth To Water Elapsed Time 
(HH:M.M:SS) (ft.) (HH:M.M:SS) 

2:31:00 14.59 3:37:20 
2:35:00 14.88 3:39:00 
2:40:00 14.98 3:52:00 
2:45:00 15.05 3:56:45 
2:50:00 15.08 4:02:20 
2:55:00 15.10 4:04:30 
3:00:00 15.13 4:05:48 
3:01:00 15.99 4:07:08 
3:05:00 16.68 4:09:25 
3:15:00 16.92 4:30:00 
3:20:20 16.96 4:30:34 
3:25:00 17.02 4:32:00 
3:30:00 17.05 4:34:28 
3:32:00 18.00 4:36:30 
3:35:00 18.21 4:39:10 
3:40:00 18.35 4: 53: 00 
3:50:00 18.48 5:01:30 
3:55:00 18.52 5:09:00 
4:00:00 18.56 5:10:45 
4:02:00 18.59 5:14:20 
4:05:00 19.88 6:01:30 
4:10:00 20.53 6:30:00 
4:20:00 20.85 7:00:00 
4:25:00 20.97 7:40:00 
4:30:00 21.05 8:00:00 
4:32:00 22.00 8:30:00 
4:35:00 22.82 9:00:00 
4:40:00 23.28 9:30:00 
4:50:00 23.68 10:00:00 
5:00:00 23.83 10:26:30 
5:02:30 23.93 10:30:00 
5:05:00 24.17 
5:10:00 25.14 
5:30:00 25.86 
6:00:00 26.26 
6:30:00 26.45 
7:00:00 26.59 
7:40:00 26.72 
8:00:00 26.77 
8:30:00 26.81 
9:00:00 26.90 
9:30:00 26.94 

10:00:00 26.99 

Pump Discharge 
(gpm) 

48.00 
49.18 
47.62 
47.62 
54.55 
54.55 
54.05 
54.05 
54.05 
53.57 
60.00 
58.25 
58.25 
58.82 
58.82 
58.82 
59.41 
60.61 
62.50 
61.86 
61.86 
61.86 
61.86 
61.86 
61.86 
61.86 
61.86 
62.50 
61.22 
61.86 
61.86 



Table C-2. Aquifer Test Data For Mary Wyant Well (Con't). 

WWL Project Number: 1641 
Test Site: Riverside. Wyoming 
Pump Start Time and Date: 6:57:16 
Pump Stop Time and Date: 17:27:16 
Pumped Well: Mary Wyant Well 
Observation Well: Mary Wyant Well 
Total Volume Pumped: 31661 Gallons 
Depth To Static Water: 6.56 feet 

Elapsed Time 
(HH:MM:SS) 

10: 30: 00 
10:30:04 
10:30:28 
10:30:53 
10:31:43 
10:32:19 
10: 33: 05 
10:33:34 
10:34:17 
10:34:55 
10:35:58 
10:37:07 
10:38:30 
10:40:00 
10:41:30 
10:43:30 
10:45:30 
10:48:00 
10:50:00 
10: 55: 00 

Depth To Water 
(ft.) 

27.03 
26.00 
18.90 
15.06 
11.93 
11.05 
10.45 
10.11 

9.80 
9.55 
9.27 
9.00 
8.72 
8.53 
8.34 
8.16 
8.02 
7.89 
7.79 
7.62 

Test Number 2 

April 22. 1982 
April 22, 1982 

Elapsed Time 
(HH:MM:SS) 

Pump Discharge 
(gpm) 

Table C-3. Step-Drawdown Results. 

Step Elapsed Time Average 
No. Start Stop Discharge Drawdown 

(HH:MM:SS) (HH:MM:SS) (gpm) (ft) 

1 0:00:00 0:14:00 14.47 1.84 
2 0:14:00 0:50:00 20.50 3.73 
3 0:50:00 1:20:00 25.02 4.97 
4 1:20:00 2:00:00 31.20 6.47 
5 2:00:00 2:30:00 34.56 7.39 
6 2:30:00 3:00:00 38.42 8.57 
7 3:00:00 3:30:00 44.27 10.49 
8 3:30:00 4:00:00 48.65 12.00 
9 4:00:00 4:30:00 54.10 14.49 

10 4:30:00 5:00:00 58.i9 17.27 
11 5:00:00 10:30:00 61.81 20.47 
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APPENDIX C: SECTION 3 

ANALYSIS PROCEDURE OF STEP-DRAWDOWN TEST 

FOR THE MARY WYANT WELL 



A step-drawdown test in which a well is pumped at different rates is the 

standard method for empirically determining the relationship between drawdown 

in the well and discharge. The method consists of pumping the well at a given 

rate until the drawdown stabilizes and then increasing the discharge and 

repeating the procedure. Table C-3 contains the results of the 11-step test 

conducted on the Wyant well. These data were fitted by standard regression 

techniques to the equation (Todd, 1959): 

n 
s = BQ + CQ ( 1 ) 

where s is drawdown, 

constants. With n = 2 

Q is discharge, and B, C, and n are regression 

as suggested by Jacob (1947), the coefficients B 

and C were determined so that 

2 
s = 0.0933Q + 0.00347Q (2) 

where s is in feet and Q is in gpm. The degree to which Equation 2 fits 

the data is presented on Figure C-5. It is concluded that Equation 2 will 

yield accurate estimates of drawdown at discharges up to about 60 gpm. 

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

well. In this context, the coefficient B in Equation 1 becomes the aquifer 

loss coefficient and C is regarded as a well loss coefficient. However, the 

coefficients Band C in Equation 1 have the physical significance just 

described only in a confined aquifer. Since the data indicate that the 

aquifer in question is unconfined, additional analyses are warranted. In an 

unconfined aquifer, the saturated thickness decreases as the drawdown (and 

discharge) is increased. The reduced flow area causes the aquifer loss to be 

greater in unconfined aquifers than in confined aquifers all other conditions 

being identical. Equation 1 does not properly account for losses due to the 

reduction in saturated thickness. If Equation 1 is fitted to data obtained 

from a step-drawdown test performed for an unconfined aquifer, the additional 

aquifer loss appears as well loss there~ underestimating aquifer losses and 

overestimating well losses. 
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The drawdown-discharge relationship for an unconfined aquifer, including 

well losse s, can be written: 

s = BQ 2 
-"""'='--- + DQ 

s 
1 - 2h 

(3) 

e 

where B aquifer loss coefficient, 

D well loss coefficient, 

h initial aquifer saturated thickness, 
e 

and other symbols are as previously defined. Unfortunately, standard 

regression techniques cannot be used to obtain Band D as before and 

Equation 3 can be used to obtain only a qualitative indication of well losses. 

The procedure used herein is based on the following reasoning. If the well 

losses were truly zero, then a plot of s versus QI(1 - s/2h ) 
e 

should be a 

straight line. Any consistent deviation of data points above the line is an 

indication of well losses. 

The data in Table C-3 were fitted to Equation 3 with D = 0 by assuming 

that the average slope of the line could be determined from the original data. 

Initial saturated thickness was taken to be 74 feet and the constant B was 

determined to be 0.229 feet/gpm. The degree to which the data fits the 

resulting equation is presented on Figure C-6. As can be seen, the f it is not 

very good which indicates that well losses are substantial (due to the large 

curvature of the data points). The value of B obtained, however, does allow 

the hydraulic conductivity of the aquifer to be estinated. 

A derivation of Equation 3 would show that 

1n (r /r ) 

where r 
e 

B 
e w 

2nh K 
e 

effective radius of influence, 

r well radius, and, 
w 

K hydraulic conductivity 

(4) 

Using the values for B and initial saturated thickness as presented earlier 

and solving Equation 4 for K results in a hydraulic conductivity of 12.5 

feet/day. 

Another estimate of the hydraulic conductivity of the aquifer can be 

obtained by using the recovery data as described by McWhorter and Sunada 

(1977). The procedure is to plot drawdown, s, on the coordinate scale of 
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semi-log graph paper and the corresponding value of dimensionless time, t*, 

on the log scale. The dimensionless time is given by: 

where t 

t 
o 

t* 
t 

t - t 
o 

time since pumping began, and 

duration of pumping period. 

The transmissivity, T, can be calculated from: 

T = 2.303Q 
41T~S 

where b.s = slope of the line per log cycle. 

(5) 

(6) 

The hydraulic conductivity can be calculated by dividing the transmissivity, 

T, by the saturated thickness of the aquifer, b. A plot of the data as 

described above is presented on Figure C-7. Using a saturated thickness of 74 

feet, the resulting hydraulic conductivity is about 9.2 feet per day. 

Steady-state methods can also be utilized to estimate the hydraulic con

ductivity of the aquifer. A small creek traverses the area about 66 feet from 

the well. The water level in this creek was estimated to be about 1 foot 

higher than the static water level in the well. If it is assumed that the 

aquifer and the creek are in hydraulic connection and that the final observed 

drawdown represents the steady state drawdown for the well, the following 

equation can be used to estimate the hydraulic conductivity: 

where r 
e 

r 
w 

K 
Q 1n(r /r ) 

e w 

distance from the well to the creek, 

well radius, 

h head at the creek, 
e 

h head in the well at final drawdown point, and, 
w 

(6 ) 

other symbols are as defined previously. Assuming that the impermeable boun-

dary is horizontal and that the well is fully penetrating gives the following 

values for the paramaters in Equation 6: 

h 75 feet, 
e 

h 60 feet, 
w 
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r 66 feet, 
e 

and, r 0.5 feet. 
w 

For the above parameters and with a flow rate of 61.8 gpm, the value of 

hydraulic conductivity obtained is 9.1 feet/day. 

Although the methods used to obtain an estimate of hydraulic conductivity 

as described above are far from ideal given the conditions that exist in the 

vicinity of the well, the degree of similarity of the results is very good. 

It should be noted that analysis of data from single hole aquifer tests is 

difficult and results of such analysis provide only rough estimates of 

hydraulic conductivity. Based on the above calculations, it is estimated that 

the hydraulic conductivity of the aquifer near the Wyant well is about 10 

feet/day. This value is consistent with published vaues for the types of 

materials thought to exist near the well. The lack of observation wells pre

vents analytical determination of the storage coefficient for the aquifer. 

Published values of specific yield for materials of the type thought to exist 

near the Wyant well are in the range of 0.1 to 0.2. 



APPENDIX D 

WATER QUALITY ANALYSIS OF WATER WELLS 

AND THE ENCAMPMENT RIVER IN RIVERSIDE, WYOMING 



WDA·2117 07168 WATER ANALYSIS 
Wyoming Department of Agriculture 

Division of Laboratories 

OWNER OR USED 

ADDRESS 

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

SIHONS, L1 iii 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 (N0 3 + NOz 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 

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 7. 1982 

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 

mg/1 

0.0 

110 

97 

77 

0.8 

6.6 

FOUND mgl1 

~. 7l!7ik!Lv 
( tree or) 

Laboratory Fee $ 23.00 (Paid) (Charged-to be billed monthly) 

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

Cheyenne, WY 82002 
mcj 

Figure D.1. vIater quality analysis ::or Nutter Vlell, well 24. 



WDA·2e7 07169 WATER ANALYSIS 
Wyoming Department of Agriculture 

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

Laramie, WY 82071 

OWNER OR USED SIMONS, LI & ASSOCIATES, INC. 

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

SOURCE 

DESCRIPTION Mrs. Currey well 

DATE COLLECTED April 

CATIONS meq/1 

Calcium 1.24 

Magnesium O.ftl 

Sodium 6.52 
Potassium 0.04 

Total Cations 8 21 

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 

Bromoform 

Date April 16, 1982 

6, 1982 

mgl1 

25 

5 

150 

1.5 

FOUND mg/1 

8.2 

476 

LOCATION 

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 

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 

LAB NO. 2-2554 

April 7, 1982 

meq/1 

0.00 

1.15 

2.06 

~.13 

Q.QO 

0.S5 

1.89 
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.Q1 

0.005 

0.1 

mg/1 

0.0 

70 

90 

150 

0.1 

lQ.~ 

FOUND mg/1 

Figure D.2. ~'Vater quality analysis for Currey \'Je11, well 12. 



WDA·2S1 07167 

OWNER OR USED 

WATER ANALYSIS 
Wyoming Department of Agriculture 

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

Laramie. WY 82071 

SIHONS, LI & ASSOCIATES, INC. 

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

LAB NO. 2-2550 

SOURCE _________________ LOCATION ________________ _ 

DESCRIPTION Bud Carpenter tap water 

DATE COLLECTED April 6. 

CATIONS meq/1 

Calcium 8.58 
Magnesium 2 32 

Sodium 6 96 
Potassium 0 06 

Total Cations 1772 

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 

1982 

mg/1 

170 

26 

160 

2 

FOUND mg/1 

8.0 

1054 

DATE RECEIVED April 

ANIONS meq/1 

Carbonate 0.00 

Bicarbonate 2.20 

Sulfate 1.Ql 

Chloride 6.68 
Nitrate 0 J 2 

Fluoride 0.28 

Total Anions 16.99 

E.P.A. 
STANDARD 

Aluminum 

Arsenic 0.05 

Barium 1.0 

Cadmium 0.01 

Chromium 0.05 

Copper 

Iron 

Lead 0.05 

Manganese 

Mercury 0.002 

Nickel 

Selenium 0.01 

Silver 0.05 

Zinc 

Endrin 0.0002 

Lindane 0.004 

Methoxychlor 0.1 

Silvex 0.01 

Toxaphene 0.005 

2,4·0 0.1 

Total Kjeldahl Nitrogen 

Turbidity (N.T.U.) 

Total Coliform/lOOmI }W 

Oil & Grease 

Chloroform 

Bromodichloromethane 

Chlorodibromomethane 

Bromoform 

Date April J 6. ] 982 

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

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

Cheyenne, WY 82002 
mcj dja 

7, 1982 

mg/1 

0.0 

180 

]40 

2{tQ 

1.6 

5.2 

FOUND mg/1 

less than 1 

Figure D .. 3. Water quality analysis o~ Carpen.tor ·· .. ;011, ".;ell 11. 



WDIl·Zl7 07166 WATER ANALYSIS LAB NO. 2-2549 
Wyoming Department of Agriculture 

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

Laramie. WY 82071 

OWNERORUSED SIMONS, LI & ASSOCIATES, INC. 

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

SOURCE LOCATION ________________ _ 

DESCRIPTION Fire plug from hose 

DATE COLLECTED April 6, 

CATIONS meql1 

Calcium 2.07 

Magnesium 0.01 

Sodium 6.09 

Potassium 0.04 

Total Cations 8.21 

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 

mg/1 

41 

0.2 

140 

1.5 

FOUND mg/1 

8.1 

484 

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. 70 

1.92 

3.75 

0.05 

0.41 

7.83 

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 

2,4-0 0.1 

Total Co1iform/l00ml }IT 

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 

100 

92 

130 

3.1 

7.8 

FOUND mg/1 

1ess/l 

Figure D.4. Water quality analysis of ?ire well, well 22. 



WOA·2t7 07165 

OWNER OR USED 

WATER ANALYSIS 
Wyoming Department of Agriculture 

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

Laramie, WY 82071 

SIHONS, LI & ASSOCIATES, INC. 

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

SOURCE ___ --=G..::r..:::o..:::u:.::n:.::d:..::w:.::a:..:t:.::e:..:r'---',v:..:e:..:1::.:1=--______ LOCATION Ri ve rs ide 

DESCRIPTION Encampment River South of Riverside 

DATE COLLECTED April 6, 1982 

CATIONS meql1 

Calcium 0.62 

Magnesium 0.62 

Sodium 0.17 

Potassium 0.01 

Total Cations ) 42 

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 

mg/1 

13 

7.6 

4.0 

0.5 

FOUND mgl1 

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 

2,4-D 

April 

LAB NO. 2-2548 

7, 1982 

meq/1 

0.00 

1.25 

0.05 

0.11 

0.00 

0.01 

1,42 

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 

mgl1 

0.0 

76 

2.5 

4.2 

0.1 

0.3 

FOUND mgl1 

Total Kjeldahl Nitrogen 

Turbidity (N.T.U.) 

Total Coliform per 100 m1 }IF 9 

Oil & Grease 

Chloroform 

Bromodichloromethane 

Chlorodibromomethane 

Bromoform 

Date April 16, 1982 

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

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

Cheyenne, WY 82002 
mcj dja 

Figure 0.5. vIator quality analysis of Encampment River south of Riverside. 



WDA·2I7 07164 

OWNER OR USED 
SIMONS, LI 

WATER ANALYSIS 
Wyoming Department of Agriculture 

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

Laramie, WY 82071 

AND ASSOCIATES, INC. 

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

LAB NO. 2-2547 

Ground water well Riverside SOURCE _________________________________ LOCATION ________________________________ _ 

DESCRIPTION 
Encampment River North of Riverside 

DATE COLLECTED 
April 6, 1982 

CATIONS meq/1 

Calcium 
0.50 

Magnesium 0.45 

Sodium 0.13 

Potassium 0.01 

Total Cations 1.09 

E.P.A. 
STANDARD 

Ammonia 

Boron 

C.O.D. 

Conductance (umho/cm2) 

Cyanide 

Hardness (as CaCO:J.l 

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.l 

Total Carbonate 

mg/1 

10 

5.5 

3.0 

0.5 

FOUND mg/1 

7.7 

56 

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 7, 1982 

meq/1 

0.00 

0.80 

0.05 

0.12 

0.00 

0.00 

0.97 

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.Q1 

0.005 

0.1 

Total Kjeldahl Nitrogen 

Turbidity (N.T.U.) 

Total Coliform/100ml MF 

Oil & Grease 

Chloroform 

Bromodichloromethane 

Chlorodibromomethane 

Bromoform 

Date April 16, 1982 

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 

48 

2.5 

4.5 

0.2 

0.1 

FOUND mg/1 

13 

Figure D.6. Water quality analysis of Enbamp~ent River north of Riverside. 



No. 

Product: HATER 

WYOMING DEPARTMENT OF AGRICULTURE 
Chemical and Bacteriological Laboratory 

P.O. Box 3228 Umversity StatIon 

Laramie, Wyoming 82071 

SERVICE SAMPLE ANALYSIS REPORT 

No. 2-2552 

Simons, Li and Associates. P.O, Box 1816, Fort Collins, CO 80522 Sent In By: ________________________________________________________________________________________ ___ 

Coliform 
Analysis Requested : ___________________________________________________________ _ 

Remarks: ____ ~B~a~d~g~e~r~C~r~e~e~k~_~C~o~l~l~e~c~t~e~d~A~p~r~i~l~7~,_=1~9~8~2~ ________________________________ __ 

ANALYSIS 

Total Coliform per 100 ml MF Overgrown 

This water is bacterially unsafe, 

I h,,,by wtify th" th' ,bo" "mpl, w" ",Iy"d by my'~ • 7J! ~ 
~ ~~ ,STATE CHEMIST 

Director. ChemICal and Bactenolol.(ical Laboratory 

Date ____ L_\p_r_1_'l ___ 1_3_, __ 1_9_8_2 ___________________ ___ 
ST ATE B.\CTERIOLO(;JST 

Laboratory Fee S __ 2_,_O_0 _____ lPaidl (Charged to be billed monthly) 

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

Figure D.7. Bacteriological analysis of water 
flowing in Encampment sewage 
ditch. 



No. 

WYOMING DEPARTMENT OF AGRICULTURE 
Chemical and Bacteriolog ical Laboratory 

P.O . Box 3228 University Station 

Laram ie , Wyom ing 8207 1 

SERVICE SAMPLE ANALYSIS REPORT 

No . 2- 255 1 

Product : ____ W_A~T~E~R~ ________________________________________________________________________________ ___ 

Si mons, Li and Associa t es, P . O. Box 1816, Fo rt Coll i ns, CO 80522 Sent In By : ________________________________________________________________________________________ ___ 

Analysis R eq uested : ______ C_o __ l_i_f_o_r_m ____________________________________________________________________ _ 

Hart in We l l collected Apr il 7, 1982 Remarks : __________________________________________________________________________________________ __ 

ANALYSIS 

To t a l Col i fo r m pe r 100 ml MF less t han 1 

Th i s wa t er is bac t e r ially safe . 

I h",by w t;'y 'h" 'h' ' bo," "mpl' w" '""y"d by my",~. ~ 
X 7Z' . TATE CHEMIST 

Director, Chemical and Bacteriological Laboratory 

Date ___ A~p~r_~_' 1 __ 1_3_,~1_9_8_2 ______________________ __ 
STATE BACTERIOLOGIST 

Laboratory Fee $ _2_._0_0 ____ (Pa id) (Ch arged to be bill ed mon t hly ) 

Make checks pa yable to th e Wyoming Depa rtme nt o f Agr iculture - 2219 Ca rey Ave n ue, Cheye nne, Wyoming 8 2002 

Figure D.8. Bacteriological analysis of Martin well, 
well 2 locat ed near Encampment sewage 
ditch . 



No. 12366 

WYOMING DEPARTMENT OF AGRICULTURE 
Chemical and Bacteriological Laboratory 

P.o. Box 3228 University Station 

Laramie. Wyommq 82071 

SERVICE SAMPLE ANALYSIS REPORT 
::if/ 

0-2913 No. ______ _ 

--;.< J.. 
1--,-, ;-

'" ./I .• ~:~~ Ij! ..,_ . 
.--. 

Product: _______________ ~_~A __ T_E_R ______________________________________________________________________ ___ 

Sent InBy: ____________ ~J~e~s~s~l~·e=_=L~.~~I~i~l~l~e~r~,~P~._O~.~B~o~x~3~2~5~.~E~n~c=am~p~m~e~n~t~.~\_·N~_8~Z=3~Z=5 __________________ __ 

Analysis Requested : _____ .... P:..J,o.wt'-'aj,jb.,LJ ... • l ...... i .... t.:j.y _______________________________________________ _ 

Remarks: _______________________________________________________________________________________ __ 

Date Sample Received in Laboratory : _________ ..... T.uJl.un""e'--'2~44__J~9;L8"'Ou_ _____________________________________ _ 

ANALYSIS 

Total Coliform per 100 ml MF 

Total Dissolved Solids, parts per million 

Hardness, parts per million (CaC03) 

Sulfates, parts per million 

Nitrates, parts per million 

Sodium. parts per million 

less than 1 

1270 

506 

322 

21.6 

190 

See attached Sheet for an explanation of the above water analysis. 

No odor of petroleum detected. We suggest you chlorinate the well as per attached 

instructions. 

I hereby certify that the above sample was analyzed by myself orm~i.stant. /} ~. ~~ 7" 
/( At. 1:tr4;/k .( /), St ... 1E CHE:llIST 

7 ~irector, Chemica! and 13actlmOlOglcal Laboratory 

D3te _____ ~J~l~1~lLv~1~,_2129~8~O~ __________________ _ 
STATE BACTERIOLOGIST 

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

Figure D.9. Water quality analysis of Miller well, 
well 13 taken shortly after purported 
gas leak. 



No. 

Prodvct 
:.\TER 

'o'IVOMIN(j DEPARTMENT qF AGRICULTURE 
Chunllcal and Bacteriological Laboratory 

P.O. Box 3228 University Station 
L3ramle. Wyoming 82071 

SERVICE SAMPLE ANAL VSIS REPORT 

No.,_-...1-:.JO","8~71-:;9;1-.-. __ 

Jessie 'liller, P. O. Box 325, Encampment. ~.JY 82325 

'\n.I"". Ih'ltJ",t<!d: ___ I-'l!-"-ld-, _\,_,a_s_o_l_i_n_e ______________________________ _ 

n.m .. , .. , 

ANAL YSIS 

Gasoline Positive 

Lead Negative 

I hereby certify that the above sample was analyzed by myself or my assistant. :£ .6i! 
~ ,STATECHE)'IIST 

....... Director. Chemical and Bactenologlcal Laboratory 

Date September 16, 1980 
STATE BACTERIOLOGIST 

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

Figure D.10. Water analysis of Miller well, well 13 
for lead and gasoline taken after 
purported gas leak. 



No. 

WYOMING DEPARTMENT OF AGRICULTURE 
Chemical and Bacteriological Laboratory 

P.O. Box 3228 UnIversIty Station 
Laramie, WyomIng 82071 

SERVICE SAMPLE ANALYSIS REPORT 

No. 1-1399 

_ .. ,,/ 

/~:7,~ .. ,~ .,.;-

_.-------
'y[ .r...J /~"'J 

Product: _____ w_'A_T_E_R __________________________________________________________________ ------------------

Sent InBy: ____ J_e __ s_s_i_e __ :_!~~·l~l~e~r~, __ E~n~c~am~p_m~e~n~t~,_\_vl __ ~8~2~3~2~5 ________________________________________________ ___ 

Analysis R eq uested : __ ~P!o...QloL.lo.t.>da .... b~i .... l .... lb..· th»)..' ________________________________________________________________________ _ 

Remarks: ______________________________________________________________________________________________ _ 

Date Sample Received in Labo ratory : _____ --'-7'J>.Lo.L;'\lJTet:.mllWb.t:e~r __ lI....1~, --l.1..::l9~8!.l.O'--_____________________________________________ _ 

ANALYSIS 

Total Coliform per 100 ml MF 

Total Dissolved Solids, parts per million 

Hardness, parts per million 

Sulfates. parts per million 

Nitrates, parts per million 

Sodium, parts per million 

Gasoline 

(CaC0 3) 

Unsatisfactory 

1290 

590 

370 

7.4 

210 

Positive gas odor 

See attached sheet for an explanation of the above water analysis. 

I hereby certify that the above sample was analyzed by myself or my assistant, 

,I ->:/ }/;>$~"'" 1 /~:"'J" .STATECIIE\11ST 
Director. ChemIcal and Bactl'nolo;(lcal Laboratory 

Date 7'Joyember~19~8~O~ ______________ ___ 
ST.\TE BACTEIUOLO{;JST 

Llboratory Fee S ___ r.:...).:..:, n~O",-_____ {P.1idl (Charqed to hI> htllNllllonthlyl 

Figure D.11. Water quality analysis of Miller well, 
well 13 after local sewage contamina-
tion. 



APPENDIX E 

WELL COMPLETION DESIGN 



This appendix includes a preliminary design of the completion and the 

possible construction of a shallow well. The well completion schematic and 

recommended specifications are found in Figures E.1. It should be stressed 

that the design is very preliminary since several assumptions concerning the 

water bearing formations were made. Both of the designs should comply with 

the Wyoming State Engineer's minimum construction standards for water wells. 

No attempt was made at this time to verify compliance with the regulations of 

the ~vyoming Department of Environmental Quality or the Board of Health 

Standards for public water supplies. 

A bore hole diameter of 10 inches would be required assuming that a 

4-inch pump is sufficient to handle the design flow of 12 gpm. At low to 

moderate heads, 4-inch pumps can deliver up to 100 gpm. An optimum well 

casing diameter of 6 inches is usually recommended for a 4-inch pump. Using 

6-inch casing in the 10-inch hole results in an annular opening of 2 inches 

which is satisfactory for placement of gravel pack and cement grout. Normally 

in well design the well screen diameter and slot openings are based on the 

critical particle size of the aquifer formation or gravel pack if required, 

and the hydraulic efficiency of the well. In lieu of an aquifer grain-size 

analysis, the well was assumed to require gravel packing and the screen slot 

openings were selected based only on the hydraulics. The gravel pack was then 

determined based on the screen slot size selected. The screen diameter was 

assumed to be equal to the casing diameter of 6 inches. Screen entrance velo

cities should be kept to a minimum and in general a velocity equal to or less 

than 0.1 ft/sec results in negligible friction losses through the openings and 

the rate of incrustation and corrosion will be a minimum. The minimum screen 

open area per foo·t of screen length was determined to be 20 in2/ft which 

required a minimum screen slot size of 20. For six-inch screen with a slot 

size of 20, the open area is 39 in2 per foot and the transmitting capacity is 

12 gpm per foot. Assuming a screen length of eight feet a discharge of less 

than 96 gpm will insure entrance velocities of less than 0.1 ft/sec. Without 

knowledge of the aquifer material the selected screen slot size is very con

servative. The smallest slot size has been chosen based on hydraulic effi

ciency and hence will give the greatest possible degree of reliability that 

the well will yield free of sand or silt. 



It is not known to what degree incrustation and corrosion will be a 

problem since the quality of the water is not known. The remedial action for 

an encrusted screen is generally acid treatment, therefore, it is recommended 

that the screen be constructed of stainless steel. The additional cost of 

stainless over galvanized steel for the short screen should be negligible. 

The usual rule is that at least 90% of the gravel pack should be retained 

by the screen when the gradation of the pack and aquifer is uniform. 

Therefore, the dSO size of the gravel pack is set equal to the screen slot 

size of 20 or 0.02 inches. The uniformity coefficient (eu), which is defined 

as the ratio of the d40 size to the 090 size, for a gravel pack should be 

less than 2.5. The gravel pack was designed with a uniformity coefficient of 

1.5 (indicating a very uniform grain size) and the resulting preliminary gra

dation curve has been included as shown in Figure E.2. 

The gravel pack is used as a base for the surface seal. The Wyoming 

State Engineer specifies only a 10 foot minimum surface seal which is 

reflected in Figure E.1. The well screen would extend from five to ten feet 

below the maximum drawdown level to the total depth of the well. Surface 

casing may also be required during drilling of the well. 
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Figure E.1. Preliminary shallow well design (not to scale). 
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Figure E.2. Preliminary gravel pack gradation curve. 



SHALLOW ALLUVIAL WELL 
RECOMMENDED COMPLETION SPECIFICATIONS 

1. Drilling - Conventional fluid rotary. 

2. Drilling Fluid - Fresh water with a non-bentonitic additive. 

3. Bore Hole Diameter - 10 inches. 

4. Total Depth - 100+ feet. 

5. Casing - 6-inch I.D., 0.280 wall thickness, steel well casing. 

6. Screen - 6-inch 1.0., 20 slot, Type 304 stainless steel, con-tinuous-weld 
well screen. 

7. Tailpipe - 6-inch end cap or 4 feet of steel well casing with 2 foot 
cement grout plug. 

8. Centralizers - Minimum of two, placed as shown. 

9. Gravel Pack - Gradation as shown, placed from 10 feet above screen to 
bott01U of screen by reverse circulation. Disinfected during placement. 

10. Surface Seal - Cement or concrete grout as specified by the Wyoming State 
Engineer. 

11. Well Development - Air of fresh water jetting. 
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