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Dear Carol: 
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DENVER. COLORADO 80239 
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May 25, 1982 

As discussed, attached hereto you will find a copy of our report con
cerning the ground water exploration program. We are pleased to have 
the opportunity to discuss our findings with Council. 

Although surface water considerations are not a part of our contract, it 
proved difficult to totally separate the ground water exploration 
program therefrom. Consequently the report lists a number of the sur
face water supply and delivery system considerations which effected our 
drilling recommendations. 

During our previous presentation to Council we recommended that Hanna 
authorize a surface water study. We would, once again, recommend that 
such a study be authorized. We believe that the cost of developing any 
ground water supply system must be compared to the cost of acquiring 
additional water rights and developing your surface water system. 

Please feel free to call us if you have any questions about this report. 

psh 
Enclosure 

cc: Mr. Bill Sieben 

Very truly yours, 

BLACK & VEATCH 
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Update to the verbal presentation made to Council on February 8, 1982 

relative to the Ground Water Exploration Program proposed for Hanna, 

Wyoming. 

BACKGROUND 

In October of 1981 B&V submitted a proposal to the Town of Hanna to: 

evaluate surface water supplies; to evaluate ground water supplies; and to 

control the W.W.D.C. Ground Water Exploration Program. The intent being 

to recommend facilities which would improve and augment the reliable 

supply of water to the Town of Hanna. 

At that time the Town felt that it was critical to immediately augment the 

supply of water to Hanna as water shortages appeared imminent based upon: 

projected Rattlesnake Creek flows, should the drought continue; historical 

water demands; and the possibility that a new mine was imminente 

Due to funding problems only the ground water portion of the study was 

authorized. The Wyoming Water Development Commission grant will pay for 

the ground water portion of the study. The Farm Loan Board denied the 

Town's request for funds to pay for the surface water portion of the 

study. 

INTRODUCTION 

A number of factors effected our selection of the ground water exploration 

program recommended. These factors include: population projections; the 

quantity of water needed by the Town of Hanna; reliability of the existing 

surface water supply; the capacity and reliability of the pipeline from 

Rattlesnake Creek to Hanna; the quality of the Rattlesnake Creek water as 

compared to our estimate of the quality of any proposed wells; the treatment 

capabilities of the proposed water treatment plant; drilling costs; future 

electrical service to each site; easement availability, geology, and 

water rights considerations. 
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During the course of the work we concluded that the wells should be 

looked at in four (4) ways: 

1. As a supplement to the Towns existing surface water rights on 
Rattlesnake Creek. 

2. As a interim emergency supply of water, should an extended 
drought dry up Rattlesnake Creek before any additional water 
rights are acquired and storage is constructed on the creek. 

3. To provide a more reliable supply to the Town in the event of a 
Rattlesnake pipeline break. 

4. As a possible source of water to trade with surface water supplies 
which may allow constructing the storage on Rattlesnake Creek 
currently being denied by the State Engineer. 

POPULATION PROJECTIONS 

In order to determine the quantity of ground water needed to augment the 

existing surface water supplies, we had to project the population into the 

future. Projecting population into the future based upon historical 

patterns is difficult. Actual growth may prove to be significantly dif

ferent from any projected values. Hanna has grown dramatically in recent 

years due to the abundent energy resources in the area. The impact these 

mines have had and will have on p-opulatton makes projection even more 

difficult and prone to error. 

Recognizing the potential for significant variation we, nevertheless, 

projected the historical population for the years 1970, 1975, 1980 and 1981 

into the future as shown on Figure 1. The "Population Projection" curve 

was obtained by extending a straight line through the historical population 

date for the Hanna/Elmo area. 

Another population scenario was also considered, assuming a mine were to 

immediately open near Hanna. This "Population Projection" assumes that an 

additional 1,200 people (construction work force initially and mine operation 

work force ultimately) are brought into the area. Growth was then projected 

at the same rate developed for the low population projection. We felt 

that this population projections scenario would provide a reasonable 
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estimate of Hanna's long term water needs. It is interesting to note that 

the recent softening of the coal market has actually reduced the pop

ulation (2,265 est.) below the projected values. 

WATER DEMANDS 

Population projections are needed to allow us to estimate Hanna's future 

water demands. Water use is directly proportional to population. This 

relationship is usually expressed in terms of a gallons per capita per 

day consumption number (e.g.- 150 gpcpd average day use). Based upon 

data recently furnished to us by the Town of Hanna we've estimated 

Hanna's current average per capita consumption of water to be 128 gpcpd. 

Maximum day usages for other Wyoming communities are approximately two 

to three times the average per capita consumption. It is not possible 

to accurately predict the average to maximum day ratio for Hanna at this 

time. This is because we do not have 1982 summer per capita consumption 

records for the Town. Even if these records were available they would 

have to be closely examined, given the limited data base, since weather 

and rainfall can, in any given year, significantly alter the ratio. The 

1981 maximum day records include the mine loads since they were not 

taken off your system until November of 1981. We have, therefore, 

estimated the maximum day consumption at three times the average day 

consumption or 384 gpcpd. We feel that the 3.0 ratio provides a con

servative basis for system design. For water demand estimation purposes, 

maximum day water demands have been projected into the future in the 

table below and then plotted on Figure 2. 

Year 

1982 - Ac~al Est. 
1982 Projected 
1982 - Projected 
2000 

Population 
Projection 

2,265 
2,800 w/o mine 
4,000 w/mine 
6,100 

Average Day 
Water Demand - Gallons 

289,920 
358,400 
512,000 
780,000 

Maximum Day 
Water Demand - Gallons 

869,760 
1,075,200 
1,536,000 
2,342,400 

Prior to the introduction of metering Hanna's historic water demands were 

significantly different from those experienced in 1981. Winter demands 
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frequently exceeded summer because tap water was allowed to flow to pre

vent freezups. No attempt was made to plot the data available from the 

Town's early records as we felt it could not be meaningfully used to 

project future demands given the substantial changes occassioned by 

metering and taking the mines off the system. The mine water demands 

taken off in November of 1981 had a significant impact on per capita 

consumption. These two factors tended to give an artificially high 

average per capita consumption, as evidenced by the projected reduction 

in average day demand from 1981 to 1982 plotted on Figure 2. The mine 

demands also tended to reduce the maxmium day to average day ratio. 

It should be apparent from the foregoing that, barring an extreme drought, 

the Hanna Rattlesnake Creek supply and pipeline can presently meet the 

Town's needs. In order to determine whether the system would be adequate, 

should the Town suddenly grow (e.g., - a new mine) to a population of 

4,000, the maximum month water consumption was projected using the 1981 

maximum month to average month ratio of 1.57 (17,800,000 = 1.57) and 
130,550,000/12 

the average per capita consumption of 128 gpcpd projected for 1982. 

These relationships are summarized below: 

Average Maximum Maximum 
Monthly Monthly Day 

Population Demand Demand Demand 

4,000 0.512 MGD 0.804 MGD 1.536 MGD 

Assuming the maximum month to average month ratio generated from the 

foregoing data to be correct (it could be higher or lower in any given 

year) and further assuming the 0.74 MGD Rattlesnake Pipeline delivery 

capability to be correct (subject to verification by the new meters), 

it should be apparent that during the maximum month (it occured during 

July 1981) the 20 MG Reservoir near Hanna must supply any water not 

provided by the pipeline. 

The numbers suggest that the 20 MG Reservoir could be drafted 1.984 MG 

(0.804-0.74) x 31 = 1.984 MG) during the maximum month. The situation 
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is much more critical than implied above. A dry period with heavier 

than normal irrigation demands, fare flow requirments or a pipeline 

break could all serve to rapidly deplete the 20 MG Reservoir thus creating 

a crisis water restriction situation. 

WA TER RIGHTS 

Hanna owns water rights on Rattlesnake Creek as summarized in Table 

IV-C attached hereto (excerpted from the 1975 Wright McLaughlin Master 

Plan). It is believed that the first right on Rattlesnake Creek for 

1.07 CFS owned by the Town cannot be called out by any water right on 

Pass Creek or Rattlesnake Creek. 

The Town may not be able to legally divert the Crone Ditch water right 

on Rattlesnake Creek of 0.57 CFS which was transferred to the Hanna 

intake from Pass Creek during periods of low flow on Pass Creek according 

to the Hydrographer Commissioner. During extremely low flows on Rattlesnake 

Creek, this water right may be physically restricted from diverting the 

full adjudicated 0.57 CFS. 

The Town's two (2) senior diversion rights have been plotted on Figure 2 

to provide the Town with a feel for the magnitude of these rights relative 

to the existing and projected maximum and average day demands. 

The Town should recognize that the existing 20 million gallon reservoir 

(61.96 acre foot) tends to mitigate the effect water rights may have 

relative to demand. 

In order to store water on Rattlesnake Creek the Town would have to buy 

land/irrigation rights, adjudicate them and transfer them to any reservoir 

constructed. During most years, some return revenue may possibly be 

derived by using surplus water for irrigation on a lease back arrangement 

with the rancher from whom the property was acquired. 

At the present time Hanna does not have the right to store any water on 

Rattlesnake Creek. The State Engineer will not allow storage of any 

unused direct flow rights. It may be possible to utilize ground water 



PERMIT DITCH 

Terr. lRattlesnake Creek 
Pipe Line •••••••• 

Terr. Rattlesnake No. 1 
Terr. Elk Mountain No. 1 
Terr. 2Rattlesnake No. 2 

8010 3Greyhound 

1120 R 4Greyhound Res. 
12338 Flood 
4390 E 1Enl. Rattlesnake Creek 

Pipe Line 
4736 E 1Enl• Rattlesnake Creek 

Pipe Line 
4581 IHanna Reservoir 

4978 E 1&5Enl. Rattlesnake Creek 
Pipe Line 

18541 1&6Rattlesnake Pipe Line 

21236 Fisher 

TABLl!. IV-C 
RATTLESNAKE CREEK WATER RIGHTS 

APPROPRIATOR PRIORITY USE 

Rattlesnake Creek D 
Water Co. 
M.R. & H.B. McDonald 4- 85 I 
Mark R. McDonald 9- 88 I 
Albin C. Peterson 12-19-89 I 
George A. Campbell 5- 8-07 1& 

Supply Ditch 
George A. Campbell 5- 8-07 I 
M. Quealy & Sons 3-31-14 I 
Rattlesnake Creek Water 11-15-23 D, Min, 
Co. R.R. 

Rattlesnake Creek Water 8-31-31 Min, 
Co. Mun. R.R. 
Union Pacific Water Co. 9-18-34 Min, 

Mun. R.R. 
Union Pacific Water Co. 9-18-34 Supply Ditch 

Only 
Union Pacific Water Co. 9-18-34 Min, Mun, 

R.R. 
Wilbur C. Weaver, et al 8-31-53 I.S. 

C.F.S. ACRES H.G LOC. PRESENT 
S.T.R. OWNER 

1.07 26-20-82 7 

2.28 160 23-20-83 8 
2.28 160 24-20-83 9 
1.37 96.2 22-20-83 9 
2.06 144 24-20-83 10 

142 a.f. 26-20-83 10 
1.26 88 21-20-82 11 

.30 26-20-82 7 

1.87 26-20-82 7 

61.96 a.f. 36-22-82 7 

26-20-82 7 

1.87 36-22-82 

1.27 89 27-20-82 12 

1These rights and right under Pass Creek under Crone Ditch, priority of Summer, 1884 in amount of .57 c.f.s. were assigned to 
the Town of Hanna excepting .00155 c.f.s. which was assigned to Union Pacific Railroad Company. 

2Amended certificate issued to successor of M.R. and H.B. McDonald, original appropriators, .63 c.f.s. for 43.8 acres 
cancelled. Point of diversion and means of conveyance changed to Rattlesnake No. 1 Ditch, 23-20-83. 

3This is a supply ditch for and a secondary supply from Greyhound Reservoir, Permit 1120 Res. 

4For the irrigation of lands under Greyhound Ditch. 
5Supply to Hanna Reservoir, Permit 4581 Res. 
6This is actually secondary supply from water stored in Hanna Reservoir, Permit 4581 Res. 
7Hanna 

81/ 2 Kamp Cattle, Co., 1/2 Dean Peterson 
9Dean Peterson 

10Carroll Miller & Stevenson 
11Norman Palm 
12Harvey Duncan 
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to trade against surface water for a storage right on Rattlesnake Creek. 

Consequently, wells near the creek or pipeline may be advantageous. The 

mineralization and temperature of any well water discharged to the Creek 

may become factors in any transfer consideration. 

The Town should look into the possibility of transferring the 700 acre

feet of Little Snake water which they had previously requested up to 

Rattlesnake Creek. Project timing could have a significant impact on 

whether this proves to be a viable alternative. Even if feasible, water 

shortages could develop before this water is available to the Town. 

HYDROLOGY - RATTLESNAKE CREEK 

Hydrology Associates, Inc. (1979) and Wright McLaughlin (1975) performed 

hydrologic analysis on the Rattlesnake Creek drainage above the Hanna 

intake. Black & Veatch examined these reports with the following con

siderations in mind: 

1. The minimum base flow in the creek wlo storage. 

2. The firm yield that storage could provide using reservoirs 
sized at 300 acre feet and 600 acre feet. 

An estimate of the minimum base flow in Rattlesnake Creek given reasonable 

snowmelt runoff (e.g. - barring a severe drought) was necessary to 

determine the immediacy of the need for the well-drilling/water-supply

augmentation project. Flow records obtained from the Hydrology Associates, 

Inc. report indicated that even during the drought period of the winter 

of 1976-77 (little snow pack) with early recession of flow in June of 

1977, the base flow in Rattlesnake Creek during the late-summer, fall 

and winter was gaged quite constant between 2.0 and 2.4 CFS. These flow 

records and a similar less detailed hydrologic analysis in the Wright 

McLaughlin report led us to conclude that 2.0 CFS = 1.3 MGD was a reason

able assumption for a minimum base flow in the creek barring an extended 

drought especially given the snowpack on the drainage at the time of our 

previous verbal report to the Council. 
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The Hydrology Associates, Inc. report also cited one individual (Mr. 

George Carlson) as having observed a low flow in Rattlesnake Creek of 

1.44 CFS = 0.93 MGD. We suspect that the 1.44 number may actually have 

been a gage reading of 1.44 feet which would be equivalent to 2.22 CFS. 

We have not checked this assumption with Mr. Carlson. However, if he 

were correct only 1.44 CFS should be utilized in projecting any creek 

base flows. 

The Town should recognize that the creek base flow projections are based 

upon models as hard flow record data is almost totally absent. 

The 2.0 CFS = 1.3 MGD minimum Rattlesnake Creek flow has been plotted on 

Figure 2 to provide the Town with a feel for the magnitude of the estimated 

minimum creek flow relative to the projected maximum and average day 

demands. 

In order to determine the water supply potential of the Rattlesnake 

Creek drainage we, utilizing Hydrology Associates, Inc. and Wright 

McLaughlin data, calculated the firm yields of a 300 and 600 acre-foot 

reservoir on Rattlesnake Creek. The firm yields (300 acre-feet is 

1.6 MGD, 600 acre-feet is 1.94 MGD) are plotted on Figure 2 to allow the 

Town to compare them to the magnitude of the projected maximum and 

average day demands. The firm yield numbers are based upon Hydrology 

Associates, Inc. data and calculations and are heavily dependent upon 

the base flow assumptions (2.15 CFS) made in their computer analysis. 

We found the historical critical period for drought to be from June 1977 

to April 1978. The firm yield of a reservoir can be defined as the 

minimum amount of water which the reservoir can produce without going 

dry. The firm yield is obtained from the historical stream flow, in 

this case derived from a hydrologic computer model, and is fixed by the 

reservoir size and the worst drought of record. In this case 300 and 

600 acre-feet and the June 1977 to April 1978 period. 

The Town should recognize that the 1.61 MGD and 1.94 MGD plots assume 

constant flow rates. A realistic mass diagram analysis would provide a 

better picture of the situation since maximum day demands may only occur 
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for a single day or short period during the summer. The firm yield in MGD 

of a reservoir when plotted relative to projected average day and maximum 

day demands does provide partial insight into the adequacy of the drainage 

to supply the projected demands. These plots do not take into account 

the limited delivery capacity of the Rattlesnake pipeline nor do they 

take into account the averaging effects which the Hanna 20 MG (61.96 acre-feet) 

reservoir near Town has on demands. 

The reservoir firm yield values further assume that Hanna owns all of 

the water rights on Rattlesnake Creek, does not effect any Pass Creek 

rights and can store any water flowing in Rattlesnake Creek. In actual 

fact, even after any acquired rights are adjudicated, the Town may find 

that only a portion of the flow, at a given point in time, may be stored 

or diverted. As it is impossible to predict which rights might be 

acquired or the action of the Board of Control ~ attempt was made to 

model the system herein. 

RATTLESNAKE PIPELINE 

In order to determine if there would be an advantage to locating the 

proposed wells near the pipeline, its capacity needed to be determined. 

Utilizing the 1975 Wright McLaughlin Master Plan pipeline data, as 

modified by the 1979 pipeline replacement designed by Robert Jack Smith, 

the capacity of the pipeline was calculated to be 1.8 CFS = 1.17 MGD. 

Good data relative to the pipeline is not available. It is difficult to 

tell which portions of the pipeline have been abandoned or valved off 

either deliberately or inadvertently. The condition of the pipe is not 

known so a Hazen & Williams C Value of 100 was used for calculation 

purposes. As the line has been operated at 1.74 CFS by the Town, we 

tended to accept the calculated capacity. Our calculations indicated 

that for water taken out of Rattlesnake Creek, the hydraulic limitation 

was between the Creek and Halleck Ridge. The pipeline appeared to have 

surplus capacity from Halleck Ridge to the 20 MG Hanna Reservoir. 
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It, therefore, appeared that wells drilled near the pipeline between 

Halleck Ridge and the 20 MG Hanna Reservoir could possibly be discharged 

into the existing pipeline thereby allowing it's use for delivery purposes. 

Since we made our presentation the Town has made preliminary flow measure

ments at the pipeline intake and at the 20 MG Hanna Reservoir which 

indicated that as little as 69.9 per cent of the water diverted from 

the creek may actually reach the reservoir. The location of the leakage 

within the reach of pipeline is not known. 

The new meters should be installed as soon as possible to accurately deter

mine the magnitude and location of this leakage problem. 

Much of the existing pipeline is old. Some dating back to 1890. The 

pipeline should be evaluated and replaced as necessary. The pipeline 

capacity should be evaluated relative to existing and projected flows. 

The pipeline due to its age, appears to be a weak link in the delivery 

system of water from Rattlesnake Creek to Town. Replacement may be 

warranted. Before any major replacement work is performed on the pipe-. 
line the Town should develop ~ master plan that will allow them!£. 

properly size the pipeline. It would be unfortunate to install a new 

line which proves to be too small in a few short years. 

HANNA 20 MG RESERVOIR 

A 20 million gallon (61.96 acre feet) open concrete lined reservoir is 

situated just south of Hanna. This reservoir will ultimately serve as 

the supply to a water treatment plant currently under construction. The 

reservoir was recently cleaned and repaired. It is in reasonably good 

condition and appears to be fairly tight although inflow-outflow data is 

lacking. 

The reservoir may be utilized to mix well water with surface water, 

thereby blending and averaging the quality of the two water sources. 

The large size of the reservoir helps to reduce the effects of the 

Town's demand changes relative to pipeline flows and allows operating 

the pipeline at fairly constant rates. This prevents having to operate 
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the head work valves, which during severe winter weather could prove to 

be impossible, each time the Town's demand changes slightly. This also 

helps to prevent water hammer problems on the line. The original pipe

line was not designed for pressurization (e.g. it's a gravity flow, 

upstream control system). Consequently, any intermediate valve closures 

can cause problems with the system. Based upon a very cursory examination 

and description of operational problems, it appears that the pipeline 

may be long overdue for retirement. 

It is apparent that the reservoir serves to mitigate the effect of 

maximum day demands. However, for the purposes of this project no attempt 

has been made to develop a mass curve relationship for the reservoir to 

determine the exact nature of the mitigating effect. 

The Town should be aware that even if the pipeline is operated at 

1.06 MGD = 1.64 CFS (the two senior rights) as little as 0.74 MGD = 1.14 CFS 

(69.8%) may be reaching the reservoir, (see Figure 2). Consequently, at 

current population levels the reservoir must be occassionally drafted to 

satisfy maximum day demands. As the Town continues to grow, the pipe-

line will continue to deteriorate and maximum day demands will continue 

to increase. Somewhere down the road supply problems will occur. The 

reservoir also serves as an emergency supply to protect the Town from 

water supply problems should the pipeline be damaged. For example, 

should a pipeline breakage occur during severe winter weather the Town 

may not be able to repair it until the weather breaks. In some areas 

access to the pipeline during severe or even wet weather could be a 

major problem. The reliability of Hanna's water system is a function of 

the size of the 20 MG reservoir and the size and reliability of the 

pipeline from Rattlesnake Creek. Should the Town decide to improve or 

expand the Rattlesnake Creek surface water supply system, it may be 

prudent to consider sizing the dam outlet works and pipeline to meet 

maximum day demands without taking into account the averaging effect the 

20 MG Reservoir provides on the overall system. The 20 MG Reservoir 
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could then be viewed as an emergency facility providing an additional 

level of reliability to the overall system. The cost of the additional 

reliability will, of course, have to be considered. 

WATER TREATMENT PLANT 

The water treatment plant currently under construction was designed as a 

direct filtration plant with the capability of treating the relatively 

high quality surface waters historically available from Rattlesnake 

Creek. 

The water treatment plant, when complete, will not have the capability 

to treat some of the well waters which may be encountered in the Hanna 

area and still maintain an acceptable quality water. 

Any source of ground water developed should take into account the treat

ment capabilities of the water treatment plant. Blending ground water 

with surface water to produce an averaged quality appears to be the 

primary treatment option available without expending substantial sums to 

modify the plant design. 

WATER QUALITY CONSIDERATIONS 

The residents of Hanna are used to good water quality. If at all possible 

the existing water quality should be maintained in the future. 

Information about water quality has been evaluated for eleven sites near 

Hanna. The emphasis was on water close to Hanna or close to Hanna's 

pipeline. The list of these sites and a description of them appears in 

Table 1. The water quality values available at these sites are in 

Table 2 and their locations is shown on Figure 3. 

Simply stated the quality of the ground water at these sites is fair to 

poor. However, the surface water quality is good, as is Hanna's present 

water supply. This indicated that exploration for ground water should 

proceed at locations near to the source of ground water recharge if a 

better quality ground water was to be found. 



Site Location 

1 

2 

3 

4 

5 

6 
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8 

9 

10 

11 

TABLE 1 

Site Location Descriptions 

Date 

8/17/81 

9/19/79 

9/ 2/77 

9/ 1/77 

11/12/77 

12/ 7/79 

6/12/78 

1/79 

9/ 1/77 

7/10/78 

13 

Description or Source and Date 

Carbon County Coal Company Well #4 

Rosebud Well 

Arch Well 111 

U.S.G.S. Publication, Frendenthal 
22-81-31 ccd 2 well 

U.S.G.S. Publication, Frendenthal 
22-81-21 ccd 1 well 

U.S.G.S. Publication, Frendenthal 
22-81-33 ddc Well 

Hanna Well No. 3 

U.S.G.S. Publication, Frendenthal 
21-82-21 bda Well 

Hanna Well No.2 @ 320' depth 

Dana Springs 

Rattlesnake Creek near Hanna Intake 
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TABLE 2 

Water Quality Near Hanna, Wyoming 
EPA EPA 

Source Fr itnary Secondary 1 2 3 4 5 6 7 8 9 10 11 

Alkalinity 360 320 500 320 170 
Aluminum kO.5 0.0 0.02 0.1 0.0 
Arsenic 0.05 <0.005 <0.001 <0.01 0.003 0.001 <0.002 0.0 0.02 <0.001 <0.005 
Barium 1.0 <0.1 0.02 0.2 0.01 <0.5 0.044 <0.5 
Beryllium 0.0 0.0 0.0 
Bicarbonate 442 370 610 390 194 210 212 193 148 
Boron 0.00 <0.001 0.11 0.04 0.41 0.13 
Cadmium 0.010 <0.03 <0.001 <0.01 0.0 0.002 <0.01 0.0 <0.001 <0.001 <0.01 
Calcium 230 18 13 100 88.5 64 8.71 62 53.96 
Carbonate <0.01 9 0.0 0.0 0.0 0.0 0.0 <0.01 0.0 
Chloride 250 6 3.4 20 180 -4.6 2.5 7.9 3.9 2 1.2 
Chromium 0.05 <0.05 <0.001 <0.01 0.0 0.0 0.04 0.01 <0.05 <0.001 <0.01 
Conductivity (J-lmho s/ cm) 1580 1200 2520 2700 850 1295. 1050 458 170 
Copper 1 <0.04 0 .. 001 <0.1 0.001 0.001 <0.01 0.0 
Fluoride 1.4-2.4 0.27 0.1 0.8 1.5 0.2 0.59 0.5 0.73 1.0 0.11 
Hardness as CaC03 1100 672 67 49 460 280 232 162.9 
Iron 0.3 14 2.50 0.07 0.08 0.60 0.80 0.14 <0.05 0.14 0.05 
Lead 0.05 <0.2 0.001 0.02 0.001 0.002 <0.01 0.0 <0.01 <0.001 <0.01 
Lithium 0.08 0.02 0.14 
Magnesium 23.5 5.3 3.9 5.0 51.9 29 6.07 19 6.85 
Manganese 0.05 3.0 0.113 <0.02 0.0 0.19 0.15 0.08 0.19 
Mercury 0.002 <0.001 <0.0002 <0.001 0.0 0.0 <0.001 0.0 <0.001 <0.0002 0.001 
Molybdenum 0.01 0.0 0.02 0.01 
Nickel 0.1 0.001 0.0 0.001 <0.01 0.002 
Nitrate 10 <0.01 <0.1 2.25 69.64 <0.01 9.17 
Nitrogen, Total 0.01 0.38 0.01 0.01 0.03 
Potassium 3.01 3.2 2.7 1.9 0.3 3.3 3.49 4 0.56 
Phoshorus, Total 10.0 0.06 0.02 0.00 
Selenium 0.01 <0.005 <0.001 <0.01 0.0 0.0 0.001 0.0 <0.001 <0.001 <0.005 
Silica 26 <0.01 7.2 6.9 18 21 
Silver 0.05 <0.001 0.01 <0.001 0.03 
Sodium 60.2 520 620 21 76.5 130 125.21 14 2.58 
Sulfate 250 420 207 890 660 160 350 350 145.28 104 15.13 
Temperature (Degrees C) 9.0 8.5 7.2 8.0 13 
Total Dissolved Solids 500 1460 1000 554 1660 1790 549 906 710 558 >399 >238 
Uranium 0.002 
Vanadium 0.0006 0.0001 <0.01 0.0 
Zinc 5 0.08 0.114 0.24 0.0 0.01 0.19 0.01 
pH (units of pH) 6.5-8.5 7.1 7.2 7.5 8.4 8.1 7.2 7.9 7.8 7.7 7.7 

Gross Alpha (pC/L) 15 4,9+2.0 
Gross Beta (pC/L) 50 7.0+10.0 -

Units in mg/l unless otherwise noted. 
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We can generally state that the well water quality improves as you 

approach Elk Mountain where snowmelt is the primary source of recharge. 

Unfortunately as you move away from Hanna the length of the delivery 

system also increase which decreases the overall reliability of the 

system. Simply stated in order to find an acceptable water quality, a 

price must be paid in terms of overall system reliability. Wells located 

at the Elk Mountain end of the pipeline are as subject to interruption 

as is the Rattlesnake Creek flow especially if the same pipeline is used 

to transport the well water. 

Several possible sources of water for the Town of Hanna were examined for 

suitability as a municipal water supply. The radioactivity concentration 

was of specific interest. Also of interest were the water quality para

meters important in saline areas, i.e., TDS (total dissolved solids), 

heavy metals and the minor contaminants. The results of this analysis 

are as follows. 

Water quality for several possible water sources were examined. Acceptable 

quality water may be obtained from the Dana Springs, Rattlesnake Creek, 

and Hanna No.2 well (shallow depths only). If adequate flow can be 

obtained these would be the preferred sources of supply. Water sources 

unacceptable without extensive treatment include Palm Well, Rosebud 

Water Well, Hanna No.2 (deep), and Hanna No.3. "Unacceptable" has a 

relative meaning in that is is a function of other available sources of 

supply, the concentration of individual contaminants, and the allowable 

cost of the treated water. 

All the sources examined were acceptable from a radioactivity point of 

yiew in that they were within the Federal Primary Drinking Water Regulations. 

The standards for acceptable and unacceptable water are the Federal 

Primary and Secondary Drinking Water Regulations. These are attached in 

Tables 3 and 4. The secondary standards are only recommendations and 

not legally enforceable at this time. The secondary standards are 

likely to become law, however, thus requiring their use as a design 

basis. 



TABLE 3 

FEDERAL PRIMARY DRINKING WATER REGULATIONS 

Parameter 

As 
Ba 
Cd 
Cr 
Pb 
Hg 
NO -N 
Se

3 

Ag 
Endrin 
Lindane 
Methoxychlor 
Toxaphene 
2, 4-D 
2, 4, 5-TP 
Turbidity 
F 

Cu 
Zn 
Al 
Ni 
Be 
TTHH 

*Tritium 

*Sr-90 
Manmade Beta particle + Photon 
radioactivity 
Gross alpha particle (including 
Ra-226 but excluding radon and 
uranium) 
Ra-226 + Ra-228 
Coliform Bacteria 

Limit 

0.05 mg/1 
1.0 
0.010 
0.05 
0.05 
0.002 
10.0 (20.0 
0.01 
0.05 
0.0002 
0.004 
0.1 
0.005 
0.1 
0.01 
1.0 
2.4 @ 12 C 
2.2 @ 12.1 
2.0 @ 14.7 
1.8 @ 17.7 
1.6 @ 21.5 
1.4 @ 26.3 
N/L 
N/L 
NIL 
N/L 
N/L 
0.1 

at the discretion of the State) 

and below 
14.6 C 
17.6 C 
21.4 C 
26.2 C 
32.5 C 

20000 pCi/l (if no other manmade species are 
present) 

8 pCi/l (if no other manmade species are present 
4 mrem/yr (whole body ££ any organ*) 

15 pCi/l 

5 pCi/l 
1/100 ml (mean samples) 
4/100 ml (>10% sample/month) 

*Total annual exposure from all manmade radionuclides must not exceed 
4 mrem/yr whole body or any-;;gan. See 40 CFR 141 for calculation method. 
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TABLE 4 

SECONDARY DRINKING WATER REGULATIONS (Not Yet Law) 

Parameter 

CI
Color 
Cu 
Corrosivity 
Foaming Agents 
Fe 
Hn 
Odor 
pH 
S04 
TDS 
Zn 

Limit 

250 mg/l 
15 color units 
1 mg/l 
Non-corrosive 
0.5 mg/ 1 
0.3 
0.05 
3 threshold odor number 
6.5 to 8.5 
250 mg/l 
500 mg/l 
5 mg/l 

17 
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Radioactivity in water may be from natural (uranium and thorium) or man

made sources (weapons testing, nuclear power, medical isotopes, research, 

etc.). In ground water sources usually the natural sources predominate 

with the reverse being true with a surface water supply_ 

As the area around Hanna is a potential uranium source a large portion 

of the activity would be expected to be from natural uranium-238 decay_ 

Figure 4 shows the uranium-238 decay series. Some man-made beta contamination, 

on the order of 3.3 pCi/l, appears to be present in the Hanna wells as 

the a/S ratio is lower than natural decay only would yield. The possibility 

of man-made contamination must be examined further due to the large 

uncertainty in the reported values. As noted before, the radioactivity 

concentrations (from whatever the source) are within the Federal Primary 

Drinking Water Standards for potable water. 

No information was located as to whether ground water radioactivity 

exists in dissolved or suspended form. The very limited solubility of 

radioactive species under ground water conditions would favor the suspended 

form. Changes in ground water conditions, such as rapid recharge of 

low-pH rainwater, could leach radioactive species from the aquifer and 

increase the dissolved activity. A more detailed analysis of the uranium 

deposit chemistry and ground water motion will be required to resolve 

these questions. To minimize to the extent possible any uranium contam

ination of well water the site selected (Site A) for the test wells was 

picked based on geological data which indicated it may be out of the 

deposits containing those materials. 

Treatment methods are highly dependent on the water treated, the specific 

end use, and the allowable cost. "Normal" water treatment consists of 

the addition of lime, alum, and polyelectrolyte, coagulation, floccu

lation, filtration, and chlorination. Water supplies better than "normal" 

may require only chlorination while water supplies worse than "normal" 

will require a complex series of processes. The cost, of course, varies 

with the treatment required. 
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Treatment for the widely varying water sources around Hanna must be 

tailored to the specific source chosen. Dan Springs, Rattlesnake Creek, 

and Hanna No. 2 (shallow) could all be treated by the "normal" sequence 

outlined above to produce a high-quality potable water at reasonable 

cost. At greatly increased cost, Hanna wells No. 2 (deep), and 3 could 

also be treated. Additional treatment required for these relatively 

poor quality sources include partial deionization, distillation, reverse 

osmosis, etc. If hydrocarbon contamination is present as indicated in 

the 12/7/79 analysis of the Hanna No. 3 well additional treatment may be 

required for taste and odor control. Additional processes to control 

taste and odor include aeration, activated carbon adsorption, super

chlorination/dechlorination, and permanganate addition. 

GROUND WATER EXPLORATION PROGRAM 

Based on the foregoing it appeared that the best ground water source 

should satisfy the following general requirements in mind: Bood to 

excellent water quality; proximity to Hanna or to the Rattlesnake pipe

line, in that order if possible; and adequate quantity. 

After studing the available data on existing wells, the source of acquifer 

recharge and the geology of the area two (2) primary sites and one (1) 

secondary site were selected to drill exploratory ground water wells for 

testing. The location of two (2) primary well sites are shown as Site A 

and Site B, generally on Figure 5 and more specifically on Figure 6. 

The wells (an observation and test well) at Site A will be drilled 

approximately 1,000 feet into the North Park Formation and possibly into 

the Browns' Park Formation should it be encountered within the drilling 

depth projected. Site A was selected because: it may yield a good 

quality water; it may yield an estimated quantity in the neighborhood of 

100 gpm; it may be far enough south in the North Park Formation to avoid 

the uranium deposits; it is adjacent to the Rattlesnake pipeline; if a 

well of acceptable quality and quantity is proved at this site it may be 
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possible to develop additional wells (possibly two to three) on BLM land 

east and north of the proposed well site (Sections 2 & 10). The number, 

water quality and capacity of any additional wells cannot be predicted 

with any degree of accuracy until the test well is completed. 

The wells (an observation and a test well) at Site B will be drilled 

approximately 500 feet into the Frontier Formation. Both wells will be 

cased through the Rattlesnake Creek alluvium to isolate them from the 

Rattlesnake Creek surface water flows. The proposed well site is located 

on the Duncan Ranch. It is possible to move it several hundred feet 

south onto the Palm Ranch and accomplish the same end result. Site B 

was selected because: it is close to Rattlesnake Creek and waters from 

any well may possibly be adjudicated and stored in any future reservoir; 

the well is close to the Rattlesnake pipeline; the well is close to the 

recharge area and the water quality may be good; the quantity of water 

derived from a well drilled into the Frontier Formation would not normally 

be expected to exceed 50 gpm however, a series of faults intersect the 

formation adjacent to the well site which may increase the yield of any 

well drilled at this location. Consideration was also given to drilling 

this well into the Cloverly Formation which would increase the depth 

requirement by 3,500 feet. Due to the high cost for a relatively 

limited estimated additional yield this alternative was not considered 

further. 

A secondary will site was considered on Rattlesnake Pass (Site B on Figure 7) 

However, after our geologist visited the well site, we no longer consider 

this site to be viable. We do not recommend drilling at this location. 

The cost to drill the exploratory test wells has been estimated to be: 

Location 

Site A 

Site B 

Drilling Cost 

$ 45,000 

$ 30,000 
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The Town should recognize that these costs do not include the engineering 

or construction costs associated with drilling and equipping permanent 

wells. After the test wells have been drilled B&V will provide a report 

to the Town summarizing the results of the test drilling and estimating 

the operating and construction cost associated with developing the 

ground water supply at that site. 

WELL PERMITS/EASEMENTS 

State well drilling permits have been obtained for Primary Site A and 

Secondary Site B, both of which are located on BLM land. BLM archeologists 

were finally able to visit both well sites on May 5, 1982. We under

stand that BLM permits will be sent to the Town as soon as possible. 

The BLM permits will include an annual per acre rental charge for the 

well site and any pipeline or power line easements the Town may later 

wish to acquire. We will have to survey and describe any such easements 

at that time and request an archeological review of the route. We have 

assumed that the drill truck and personnel will be allowed to utilize 

the Town's Rattlesnake pipeline access road to get to Site A. Condemnation 

could conceivably be required for this well site if a land owner objects 

to the Town's Contractor utilizing this road to cross their property. 

An easement has not been obtained for Primary Site B (The Duncan Ranch). 

The owners have offered to grant the Town an access and well right-of-

way for the well, provided they are reimbursed at some, to be determined, 

dollar value for each acre-foot of water withdrawn from the well. The 

State has issued a well drilling permit stipulating that the Town must 

obtain the necessary easements to get on the property. 

To date negotiations with the Owners of Primary Site B have not been 

fruitful. We recommended that the Town: 

1. Continue negotiating with the Owners to keep communication 
avenues open. 

2. Have the City Attorney determine the Town's rights concerning 
condemnation to get on the property to drill the well. 

3. Determine, if possible, the value of the water to the Town. 
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Once the Town's rights in the matter have been determined (e.g.: Is 

condemnation feasible? What dollar value will the court assign to the 

right-of-way?; will the value assigned to the right-of-way include an 

unspecified amount for any water withdrawn? Will the litigation involve 

the adjacent property owner also?) the Town can decide which way to go. 

If it appears that lengthly, costly litigation will ensue, we recommend 

not drilling Primary Site B at all. The $30,000 used to drill this well 

could probably be reallocated and more fruitfully used to drill additional 

tests wells or possibly to equip a well at Site A. 

SPECIFICATIONS AND DOCUMENTS 

A complete set of specifications and contract documents has been developed 

for test drilling Primary Well Sites A and B. 

Subject to Town approval, we currently propose to advertise for bids 

immediately after the BLM permits and Duncan Ranch right-of-way are 

obtained. 
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