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Ladies and Gentlemen:

We submit herewith 10 copies of our master domestic water and
sewer study in accordance with our contract agreements. We
have attempted to propose systems placing an emphasis on
public healtht, simplicity and dependability. The report was
complicated by the urgent demand to complete some phases of
the improvements rapidly. Thus, some portions of the report
are currently in service or are under construction.

This report evaluates the existing domestic water and sewer
systems and presents a master plan for improvements based

upon present and future needs to the Town of Saratoga population

of 5000 with systems designed for expansion to 10,000.

It is intended that this report will serve as a guide for
detailed planning and project implementation.
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HISTORY AND INTRODUCTION

HISTORY

In June, 1976 the Impact Joint Powers Board through the Wyoming
Community Development Authority applied for a $2,500,000 loan

from the State of Wyoming Farm Loan Board for Water and Sewer
Improvementsfl) These improvements were necessary as Saratoga
was and 1is experiencing extremely rapid growth caused principally
by the rapidly expanding mining activity in the area. In 1960
Saratoga had a population of 1132; in 1970, 1181; in 1976, 2000
people and in 1977, 2500. Growth in 1977 was restricted to three
new services per month due to water and sewer system inadequacies.

The Town currently has a backlog of applicants well intc 1978.

On July 26, 1976 the State Farm Loan Board granted the Impact Joint
Powers Board a $2,020,000 Joint Powers Loan at five and one-half
(2)

This loan is to be
repaid with $2,884,200.00 from the Wyoming Coal Tax Fund over 15

percent interest for a period of 15 years.

years or $192,280 per year plus $8,972.60 per year from the Town of
Saratoga. Table 1 shows the improvements the $2,020,000 was to have

purchased including construction, contingencies, and legal fees.

TABLE 1 - WCDA PROJECTED IMPROVEMENTS (1)
1. Water Treatment Plan (2 MGD) ' $ 1,200,000
($1,200,000)
2. Water Metering System
($110,000) $ 1,310,000
3. Water Distribution Lines
(Replace all 2" 1lines) ($270,000) $ 1,580,000
4. North Platte River Lift Station Expan-
sion ($70,000) $ 1,650,000
5. Sewage Outfall Line
(£100,000) $ 1,750,000
6. One-Million Gallon Storage Tank
($ 270,000) $ 2,020,000

In December, 1976 our firm was retained to prepare studies for the
domestic water system and shortly thereafter for the domestic sewer
system. This report presents the results of those -engineering

studies suggesting a master plan for corrective action and further

expansion.
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Scope:
The scope of the work included:
1. Mapping of the existing water distribution system and

sewage collection system.

2. Evaluation of the existing facilities.
3. Projection cf population and land use.
4. Investigation of quality, quantity and characteristics

of water supply.

5. Investigation of infiltration and quantity of sewage

collected.
6. Analysis of water and sewage treatment requirements.

7. Analysis of transmission, distribution and storage
considering peak domestic demands plus fire flows for

water.

8. Analysis of collection and outfall line sizing.

9. Establishment of design criteria.

10. Preparation of water and sewer system preliminary plans.
11. Suggested implementation of a construction program.

12. Recommendations on maintenance and construction priorities.

13. Presentations of capital and operation and maintenance costs.

Operations

From January, 1977 to July, 1978 engineering studies have pro-

gressed

Extensive field work has proceeded from this office including

1. wvisual inspections of all of the facilities of all systems,

[N

. Wwater flow and water quality testing of existing systems,

3. sewage flow and infiltration testing, 4. sewage meter setting
and quantity measurements for sewage flcws, 5. sampling and moni-
toring of many independent laboratory analyses, and 6. locating
from existing records and in the field water mains in all
systems 2" diameter and larger, aid sewer mains 6" diameter and

larger.
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Coordination meetings were held with the Impact Joint Powers
Board on a regular basis, and on several occasions with the

Town Council during the progess of the work.

Concurrently and subsequent to field operations literature surveys
and consultation with equipment manufacturers and other consultants
have progressed in Denver, Fort Collins and in our Casper office.
This engineering report was prepared with emphasis placed on
providing simple systems requiring a minimum of maintenance but
having adequate control to assure safe dependable systems.

Llconomy, feasibility and local conditions are emphasized as all

three are important to the implementation of this report.

Report Progress - Current and Future Projects

This report was due in April, 1977. However, several unanticipated
events changed this time table. The 1976 WCDA report based its
improvement costs and needs on a 4000 maximum population with
2500 population being reached in 1983. The 2500 population was
reached in 1¢77 and the Board required a desiygyn population of
5000 with systems designed for expansion to 10,000. A new water
intake system was needed as the old intake furnished an extremely
silty and colored water for supply. The Board had Us defer this

report first to design a new water intake system.

Upon completion of the intake design we determined that color
removal from the raw water supply was our most difficult treat-
ment problem. Solving of this design problem delayed the report.
As growth was curtailed in 1977 the Board again deferred this
report to design a new treatment plant, new water storage and a
14 inch transmission main to the new storage tank. When this
design was complete the report was again delayed as we designed
a new sewage lift station as the old station was a major main-
tenance problem. Table 2‘shows these projects and the approximate
contract amounts or costs.

Table 2 - PROJECTS COMPLEYLD OR UNDER CONSTRUCTION
$ Accumulation

1. Replace 0ld Mains (Frontier)

($100,000) $ 100,000
2. Backwashable Infiltration Gallery
($250,000) 350,000

xiii



3. Water Treatment Plant (3.5 MGD) $1,250,000

($900,000)

4. Repair Existing Plant ( 1 MGD) 1,300,000
($50,000)

5. 14" Main & Pressure Reducing Valves 1,525,000
($225,000)

6. 1 Million Gallon Standpipe 1,750,000
($225,000)

7. Sewage Lift Station 1,790,000
($40,000)

8. Professional and Misc. Costs on Above 1,970,000
($180,000)

9. Contingencies on Above
(550,000) 2,020,000

Comparing Table 1 to Table 2 several items were not completed
for the initial $2,020,000.

2. Water Metering System 110,000
($110,000)

5. Sewage Outfall Line 210,000
($100,000)

Our studies now show that work beyond the $210,000 for Items 2.
and 5. above needs to be completed if Saratoga is to take care

of 5000 people. Table 3 shows these needs.

TABLE 3 - PROJECTS NEEDED FOR TOWN EXFANSION
TO 5C00 POPULATION

(costs include contingency and professional fees)

1. Water Metering System $ 275,000
($275,000)

2. Sewage Outfall Line 435,000
($160,000)

3. Seal Existing Overloaded Sewer Mains 530,000
($ 95,000)

4., Replace 8" & 10" Broken Sewer with 610,000

new 10" Sewer ($80,000)

5. Upgrade Existing Sewage Treatment 1,102,000
(411,000)

6. New Water Distribution System

(2,000,000) 3,021,000
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Prioritization of the above projects include:

Items 2. Sewage Outfall Line and 3. Seal Existing Overloaded
Sewer Mains need to be completed prior to the Town's being
able to allow more growth and are therefor of the highest

priority.

Item 1. Water Metering System will be necessary to conserve
water or growth will again need to be curtailed at a popula-
tion of 3333 rather than at 5000 as a 50% water savings

normally results when meters are installed.

Item 6. New Water Distribution System is desirable prior to
water meter installation to prevent excessive meter maintenance
costs. The Town currently has completely inadequate fire pro-

tection due to the many 2" and 4" distribution mains.

Item 5. Upgrade Existing Sewage Treatment is necessary as the

existing treatment is currently inadequate.

Item 4: Replace 8" to 10" broken sewer with new 10" sewer will
be needed if Item 3. does not solve the sewage infiltration

problem. A detailed sewer main viewing program is included
in Item 3.
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ORGANIZATION OF RIZPORT

A summary of the conclusions and recommendations immediately follows

this introduction. The report is divided into a water and scwer
section. The design and background data, population, collection,
water demands, fire demand, quality, treatment and disinfection

are presented in Part I (Chapters 1W-7w). Detailed analysis,
evaluation and design recommendations for each system are presented
in Part I1 (Chapters 8W-13W). Part ITI (Chapters 15-3S) presents
the design and background data, treatment and disinfection for the
Sanitary Sewer System. - Detailed analysis, evaluation and design
recommendations for the Sanitary Sewer System are presented in

Part IV (Chapters 45-65). Chapter 6S includes the special considera-
tion of contracting with the U.S. Forest Service to allow them to
use Saratoga's Lagoon System for summer dumping of recreational
area wastes. Part V,(Chapter 1C-2C) presents our recommended

plans and priorities for construction implementation. Tahles and
illustrations are located throughout the report and tabulated Hardy
Cross Network Analyses, National Drinking Water Standards and other
pertinent data are located in the appendices. References and key
Western Engineers-Architects, Inc. project personnel are listed at

the end of the report.
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SUMMARY OI' CONCLUSIONS AND RECOMMENDATIONS

Conclusions

1. Proper maintenance and skilled operation are essential
to the successful implementation of the recommended

programs.

2. The existing water system needs major improvements. A larger
capacity water treatment plant and greater storage capacity
are required immediately, and water mains and fire hydrants

must be upgraded in most areas of Town.

3. Adequate water collection can be most economically achieved by
building a backwashable infiltration gallery under the North
Platte River. The water is to be polished by diatomaceous
earth filters, ozone will be used primarily to remove color,
taste, and odor from the water and secondarily to disinfect it,
Final disinfection and a distribution system residual

will be maintained using chlorination.

4. An additional water storage tank, a 100 ft. tall st andpipe
is required with a minimum storage capacity of one million
gallons.

5. Major new water transmission lines and additional fire hydrants
throughtout the system, and large loop lines around the peri-
meter of the system are required to provide adequate flows

for domestic use and fire protection.

6. The water treatment and storage systems proposed should be

fully automated and operations recorded.

7. Water meter installation and replacement of service taps are
required to reduce consumption and maintenance of individual

services.

8. The water treatment systems proposed should be constructed for

easy expansion as the Town is growing very rapidly.

9. The existing sewer system needs major improvements. Infiltration
from the high water table into leaky sewer pipe seriously

overlcad the sewage collection and treatment systems.
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10.

11.

12.

13.

A major sewer pipe sealing program is required and some broken
lines must be replaced in the parts of Town below the Hugus-
Mullison irrigation ditch.

The 1ift station is unreliable and inadequate, and needs renova-
tion immediately.

The existing lagoon system is inadequate, and must be enlarged
to satisfactorily treat the present wastes and handle antici-
pated growth. Some improvements can be made immediately and

reduce or eliminate spring and fall odors.

The poor and deteriorated state of the present water and sewer
system is largely due to poor construction techniques, no
inspection of the work, little or no maintenance, and use of

substandard materials.
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RECOMMENDATIONS

The following improvements are recommended. Items with one asterisk

indicate construction recommended for immediate implementation:

1. Water Treatment

* Construct a backwashable infiltration gallery intake,
and raw water well under the North Platte River to

develop a low turbidity supply. (Completed 1977)

* Construct a new 3.5 M.G.D. capacity water treatment plant
with filtration accomplished by D.E. Filters, color removal
and disinfection, by ozone, and maintenance of a chlorine

residual through slight chlorination. (Started 1977)

*Renovate the existing water treatment plant to a capacity of
1.0 M.G.D. This plant should be maintained and used as a
standby in case of power failure, which also includes
renovation and routine maintenance of the existing 240V.

power generator. (Started 1977)

*Construct a 1.0 M.G. water storage standpipe to the South
of Town. The standpipe should be 100 feet high. Abandon and
obliterate the existing 100,000 gallon concrete reservoir.
(Started 1977)

*Construct a 14 inch diameter water transmission main from the
new water treatment plant to the new storage tank. (Started
‘ 1977)

Install water meters on all services as soon as feasible. We
recommend a sand blowoff, and 1ine flushing program to eliminate

sand from the system prior to installing meters.

*Abandon and replace all 2 inch diameter water lines with new
lines 6 inch diameter or greater. Provide adequate valving

and replace service taps to all areas. (Partially complete 1977)

Abandon and replace all 4 inch diameter water lines with new
lines 6 inch diameter or greater, as soon as possible. Provide

adequate valving and replace service taps to all areas.
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Replace all old or inadequate fire hydrants, and tie them on

to feeder lines 6 inch diameter or greater,

Complete a 10 inch diameter main feeding without interruption
into the existing elevated water tank.

Locate and accurately map the existing and future water lines

including line sizes and locations, fire hydrants and valves,

Loop the entire Town with a 12 inch diameter water main,
around the periphery of Town.

located

2. Sanitary Sewer System

* Construct a 15 inch diameter outfall line to the lagoons,
and replace the lagoon piping with 15 and/or 18 inch
diameter interconnecting piping. (Started 1978)

*Replace the existing Lift Station and renovate it to be

more reliable. (Completed 1978)

*Provide emergency standby power at the Lift Station(s) to

run the pumps and controls in case of power failures.

*Seal and/or replace all sewer lines in the central part of
Town located between the Hugus-Mullison ditch and the
North Platte River. 1In addition, seal the Hugus-Mullison

ditch to reduce the ground water seepage.

*Construct a 10 inch diameter bypass line from above Hobo Pool
across the River to the Saratoga Inn to alleviate present
and future loadings on the Third Street main, and pro-
vide a system to tie onto for the Saratoga Inn area. This

system requires a lift station and a standby power generator
(Started 1977)

Construct a 10 inch diameter bypass line from 6th and
Rochester around the slough and into the exlisting sewer
system on Third Street. This should alleviate present and
future loadings on the Third St. Main.

*Provide 2 more 5 H.P. aerators in the first cell of the
existing lagoon system.

*Begin a routine sampling and testing program at the Lagoons,
and record the data.
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*Begin applying for funds for construction of a 5 acre

pond expanding the present lagoon system.
Construct a 5 acre third cell, at the lagoon.

Provide an adequate sewage collection system for the

Saratoga Inn Subdivisions and abandon the present septic
tank system.

Locate and accurately map the existing and future sewer

lines including line sizes, manhole locations and
slopes.

3. Inspection and Supervision of New Construction

We strongly recommend that the Town require all new water and
sewer construction projects to be supervised and inspected by
a full time resident inspector. 1In addition, the Town should
require that a Professional Engineer certify in writing to the
Town that the project has been constructed as designed, before
it is accepted by the Town.
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CHAPTER 1W. - GENERAL INFORMATTON

Location and Transportation

The Town of Saratoga is located in the South Central portion of
Wyoming on the North Platte River, approximately 80 miles west of
Laramie, Wy. and 42 miles southeast of Rawlins, Wy. State High-
way 130 connects Saratoga northward to Interstate Highway 80, serv-
ing Laramie and Rawlins. A paved municipal airport southwest of
the Town but within the Townsite perimeter serves the community.
The Union Pacific Railroad runs through the east side of Town .

The North Platte River divides Saratoga, flowing in a northwesterly

direction. Figure 1W-1 is a vicinity map of Saratoga.

Climate

Saratoga is roughly 6800 feet above sea level. Thus, during the
summer the climate is cool and pleasant, with daily maximum
temperatures in the 90s and early morning minimum temperatures
in the 40s and 50s. Annual precipitation is about 15 in. and

much ftalls as snow during the late fall, winter, and spring.
Maximum stream flow occurs in late April, May and early June
under the influence of melting snowfields. Midwinter temperatures
frequently drop as low as -10 degrees Fahrenheit and have been
rccorded helow -40 degrees Fahrenheit. Throughout the summer, the

winds are generally from the southwest at 5 to 10 miles per hour.

Population and Growth Pctential

I'igure IW-2 shows the Town of Saratoga in 1903 having 1000 people. The
1960 census shows 1132, the 1970 census 1181. The population has
rapidly increased above most estimates in the past five years.

The Town in December, 1977 had an estimated population of 2500
people, double its 1974 count.

The rapid growth is due in large part to the increased mining and
mineral activity in the surrounding areas. Other small industries
and businesses serve the Town such as lumber,ranching, tourism and
the Union Pacific Railroad. The tourist industry flourishes 1in the
summer months, and in the past has been the greatest contributor

toward the towns economy.

lw-1



————

The growth potential for the Town of Saratoga is great. A minimum
of five new coal mines or expansions thereof, and a new uranium
mine all in the surrounding area are predicted for the very near
future by the Carbon County Planners Office. The impact on the
Town is already apparent by the increasing number of trailer
courts and the increased construction of new homes. The population
could very easily double again within 3 to 5§ years.

The present impact is having a great affect on the Towns water and

sewer system. The Town is served by a conventional water treatment

plant that was built in 1957. The plant has long since exceeded
its design capacity which was for a population of 1250 or 1300.
This problem is compounded when the peak demands are exerted durlng

the hot summer months and high tourist inflows.

Meeting The lmpact

Impact problems such as needed services for schools, health care,
human services and many more face the Town of Saratoga as well

as other Towns in Carbon County. However, this report will deal
only with the domestic water and sewer problems. Saratoga must

meet the demands that will be exerted by the impact of growth.

By improving the water system, the fire fighting capabilities of

the Town, and sewer system, the community may grow more comfortably
and prosper both physically and economically. By providing ade-
quate public water and sewer systems the attraction Ffor the incoming

mining industries, and local construction projects, will be
enhanced.

With growth being so dynamic the Town can do little more than hope

to keep pace with demand. On June 24, 1977 the EPA's Interim
Primary Drinking Water Regulations became official. The State of
Wyoming has elected not to be responsible for implementing these
new standards, so the EPA will do so. This means that the water
quality standards for Wyoming will be under the direct control of
the EPA. These standards will have a significant effect on

determiningthe type and quality of water supply the Town must
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furnish to the public. These new standards will be discussed
later.

Funding, or portions thereof, for the proposed improvements to
the water and sewer systems, may come ir small increments and
periodically from various loan and grant making institutions.
The Town must place priorities on their needs, as some systems
are in better condition than others.
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CHAPTER 2W. - WATER SYSTEM DESIGN DATA

A broad study was required to examine and map the existing and
proposed water system. Design parameters included the following:
1. Collection of an adequate and reliable supply.
2. Treatment of the supply to make it meet the new National

Primary Drinking Water Regulations.

3. Adeguate transmission to storage and to the distribution

system.
4. Storage for adequate domestic and fire flows.
5. Distribution for adequate domestic and fire flows.

This chapter sets forth the basic design criteria used to estimate
the quantity, and quality of the water used in the system, and the
hydraulic properties of the system. Population and unit flow
allowances were developed and applied following accepted and

referenced engineering practices.

This chapter further evaluates several treatment-collection alterna-
tives and states the reasons for the first choice recommendations

presented in subsequent chapters.

Population
Estimates of present and future populations should be determined

prior to a thorough study of this type.

As mentioned previously, estimates of future populations are diffi-
cult to obhtain in an impacted area. The population in 1970 was

approximately 1150,(12) and in late 1977 was approximately 2700. It
is estimated that by the end of the summer of 1978, the population

may reach 3200.

To simplify the design and avoid dangerous population predictions,
the design was based or population, not time,and divided into two
construction phases. The design population used was 5000 for the
initial phase, Phase I of construction, and a population of 10,000

for the final phase, Phase I1. When the Town reaches a population
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of 5000, whether it be in 1980 or 1999, Phase II of construction

will need to be initiated. This method of design gives the Town
control for determining their own growth rate and thus the design
period of the system by increasing or decreasing the number of build-
ing permits that they approve.

Water Demand

Maximum domestic demand flows coupled with the peak fire demand
normally determine the total peak demand for a water system.

Determination of domestic demand flows was difficult to perform
because individual services in Saratoga are not metered. The demand
flow determination was done by using the number of gallons pumped
from the water treatment plant.. The data was gathered by the Public
Works Department and results were obtained by dividing the number
of gallons pumped per month by the population. Documented figures
obtained for years past are shown in Table 2W-1.

TABLE 2W.-1 - CONSUMPTIVE USE (13)

Year Avg. Consumption
G.P.C.P.D.

1954 199

19561 262

1967 299

1968 322

1969 316

The moét recent demand data is shown in Table 2W.-2, and is based on a
population of 2,000 in 1975 and 2200 in 1976.

TABLE 2W.-2 - RECENT WATER CONSUMPTION DATA

Month Gallons Gallons PER CAPITA
& _year _pumped per day usage (gpcpd)
Jan.,'75 12,701,300 409,719 205

'76 8,730,300 281,161 128
Feb.,'75 10,709,100 382,468 191

'76 8,475,500 292,259 133
Mar. '75 11,332,700 365,571 183

'76 9,352,200 301,684 137
April'7s 11,419,300 380,643 190

'76 8,817,400 293,913 134
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TABLE 2W.-2

Recent Water Consumption Data cont'd.

Month & Gallons Gallons PER CAPITA
year pumped per day isage (gpcpd)

May '75 16,881,700 544,571 272

'76 12,252,400 427,496 194
June '75% 21,184,800 706,160 353

'76 15,863,400 528,780 240
July '75 20,269,800 653,864 327

'76 21,068,700 679,635 309
Aug. '75 22,751,300 733,913 367

'76 21,778,600 702,535 319
Sept.'75 17,444,500 581,483 291

'76 21,077,700 702,590 319
Oct. '75 11,682,210 376,845 188

'76 17,249,100 556,416 253
Nov. '75 8,847,800 294,927 147

'76 15,115,500 503,717 229
Dec. '75 8,712,100 281,035 141

"6 10,847,900 349,932 159 -

The peak day in 1975 was June 28th when 486 g.p.c.p.d. was pumped, and
in addition, seven days during the summer were recorded over 400 g.p.c.p.d.
Peak day in 1976 was July 10, when 412 g.p.c.p.d. were pumped. Only one
day in 1976 was over 400 g.p.c.p.d.

From the pumping data, it can be stated that the average daily demand
during the summer months (June-Sept.) is about 320 g.p.c.p.d. and about
225 g.p.c.p.d. for the year.

These figures are slightly misleading for several reasons. The Town has
many homes with private wells, and supply sources other than the water
treatment plant, thus making the above data conservative. The meter in
the water plant has been subjected to sand year after year, and may be
getting increasingly conservative. The Town is unmetered, and thus
encourages more consumptive use. The large number of leaky water mains

would make the consumptive use data low.

Generally accepted engineering texts use a figure of 150-200 g.p.c.p.d. for
daily per capita consumption for metered systems. Metering all services
of a city should reduce consumption to about 50 percent of the consumption

(3)

without meters. Peak day consumption is usually assumed to be 180-200%
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(4)

of the average day demand. Maximum hourly demand is estimated

to he ahout 150 pcrcent of the average for that day.(4)

Using the consumption figures from the data in Table 2W.-2 gives
the maximum hour demand on the peak day in Saratoga of

225 x 1.9 x 1.5 = 641 g.p.c.p.d. for that hour.

For design purposes, the figure of 650 g.p.c.p.d. for peak domestic
demand flow was used. This figure has been found to be adequate
for Wyoming towns similar to Saratoga in size. Total demand for a
Town of 5000 is 3.25 M.G.D. or 2257 G.P.M., and 6.50 M.G.D. or
4514 g.p.m. for a population of 10,000.

I'ire Demand and Storage

Water storage is normally computed from cumulative flow diagrams
showing the maximum to be stored at a constant pumping rate on a
peak day. Total storage should be equal to the maximum fire

flow, plus the peak domestic flow for the duration of the fire minus
the peak capacity that the system can put out for the fire duration.
A common maximum storage figure is 30% of the peak day design flow.
This storage figure for a population of 5000 is 5000 x 650 x 30% =
0.975 million gallons, and 1.95 million gallons for a population of
10,000.

Fire flows are determin=d by using a formula created by the National
Board of Fire Underwriters. The formula is G = 1020y P (1-—0.01y P)
where G 1s the necessary demand for extinguishing in gallons per
minute, and P is the population in thousands. Thus Table 2W-3 shows
the required fire flow for a population of 5000 is 2,250 g.p.m. for
a duration of 9 hours, and 3000 g.p.m. for 10 hours for a population
of 10,000 in the business district,(3) 1000 gpm fire flow is used

in the residential areas. (3) Each hose stream is rated at 250

gpm. (3)
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TABLE 2W.-3

REQUIRED FIRE FLOW BASED UPON NATIONAL BOARD OF
FIRE UNDERWRITERS' FORMULA (3)

POPULATION g?g?;?-fgiRgvg?Ozity(l) DURﬁfTON,
1,000 1,000 4
1,500 1,250 5
2,000 1,500 6
3,000 1,750 7
4,000 2,000 8
5,000 2,250 9
6,000 | 2,500 10

10,000 3,000 10

13,000 3,500 10

17,000 4,000 10

(l)Each flow is required as follows: over 1,000 g.p.m. but less than

1,250 g.p.m., required duruation is 4 hr., etc.

The required fire volume for a population of 5000 is 1.215 M.G. and
1.8 M.G. for a population of 10,000. The existing storage capabil-
ity for the Town is 250,000 gallons (O.25 M.G.) .

Total storage for a Town of 5000 assuming a pumping capacity of 2400 gpm is:
1.215 MG + (3.25 m.g.d. x 9/24) - pumping capacity for 9 hrs.
1.215 MG + 1.22 MG - (3.45 x 9/24) = 1.15 MG
As shown later, the recommended pumping capacity of the proposed

water treatment plant will be 2400 g.p.m. or 3.45 M.G.D. for the

first phase of construction, and 4500 g.p.m. for the second. The

recommended storage for a population of 5000 is 1.200 M.G., and

1.8 M.G. for a population of 10,000. Therefore with this recommended

storage, the Town should be able to fight the worst fire, and

simultaneously pump the maximum peak day demand.
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Water Quality, Quantity and Source of Supply

The source of water supply for the Town is the upper headwaters
of the North Platte River. The river flows in several shallow
channels through the area. Several underground mineral hot springs

exist in the area near the existing water treatment plant and also
contribute to the river flow.

The volume ol flow varies during the year reaching its peak in the
Spring and early Summer months, then leveling off during the other
months. The volume required for supply is determined by the demand
as discussed previously. The Town presently has a water right of

2 C.F.S5. or about 900 g.p.m. of water from the river, through permit
no. 21744, dated September 28, 1956.

The water quality is good for the majority of the year, as the source
is snow melt from the nearby mountain ranges. Tables2W.-4 and 2W.—§21)
summarize the volume of flow and chemical analyses of the River pub-
lished by the U.S. Department of the Interior, Geological Survey for

1967. From these results, it is seen that the water is of good
quality.

Turbidity, not shown in the data, is defined as those particles
in water which are capable of deflecting light when transmitted
through the solution. Turkidity readings have been taken and results
are shown in Table 2W-6. Turbidity is caused by tiny particles which
are suspended in the water and cause it to appear cloudy, or sometimes
discolored. These particles are usually removeable since they are not
dissolved 1in solution. Many methods of removal have been successful,
however, the problem is only significant during high runoff periods

in the spring and following heavy rains.

The real treatment problem that exists and requires further special

discussion later in this report are the organic compounds that exist
in the water. The water in the River becomes highly discolored in
the spring and summer months when runoff is high. This color is
best described as a "weak tea" color. It is caused by a leaching
effect of the forest vegetation and humic soils bv the snow melt and

runoff. Theorganic compounds in the decaying vegetation are washed
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out into the water, and become dissolved into solution. These dis-
solved compounds are very difficult to remove from solution by con-
ventional means. Although the compounds are harmless, they cause the
water to become offensive in appearance. 1In addition, some of these
compounds have an undesirable odor, and through the present disin-

fection processes in the water treatment plant, the compounds often

impart a "taste" to the water which is unappealing. Table 2W.-6

also shows results of color sampling of the North Platte River.

Hydraulic Design

When considering a distribution system many hydraulic requirements must
be met. These are summarized below:(zz)

l. Normal working pressure in the system should be approximately

45-70 p.s.i. and not less than 35 p.s.i.

2. The minimum size water main for providing fire protection and

serving fire hydrants must be 6 inch diameter.

3. Dead ends on mains shall be minimized by looping whenever
practical and when dead ends occur they shall be provided

with a fire hydrant or approved blow-off for flushing purposes.

4. Valves shall be provided to minimize inconvenience during
repairs and located at not more than 500 ft. intervals in
commercial districts and not more than one block or 800 ft.

in other districts.

Distribution piping is designed to provide adequate service and fire
protection. A complete hydraulic analysis of an entire system is
now practical for systems of this size through use of computers, and
the Hardy Cross method of pipe network analysis. This analysis will
indicate where pressures are too low, or flows not adequate for fire
protection and the suspect lines can be sized or redesigned accord-
ingly. The complete computer printout and assumed flows are shown

in the Appendix and the system has been designed using this informa-

tion.

To provide and obtain the desired system pressures throughout the
Town, storage tanks, or booster pumping stations must be so placed
and coordinated as to be able to continuously maintain the flows and

pressures required throughout the system. Pressure in water systems
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decreases one p.s.i. for every 2.31 ft. of rise in elevation. Therc-

fore, as the distribution system rises above the pumping source, the

pressure will drop 0.43 p.s.i. for every 1 ft. of rise, plus that

amount due to friction losses and other minor losses.

Practically all of the pipe flows considered were under pressure.

As flow is turbulent (non uniform in its flow characteristics) in

pipes used for water supply, the friction factors depend upon

the roughness of the pipe and also the Reynolds number, which in
turn, depends in part upon the velocity in the pipe and its
(14)

diameter. Therefore ihe pipe flow formula used should have a

roughness or friction factor which varies with velocity and pipe
size. The Hazen-Williams formula was the basis used in the design

of the water transmission and distribution system and is written

V = 1.318 Cr 0.63 SO’54 ft/sec. = F.P.S. and
0= 1.318 cr 9:83 054, | ft./sec. = c.P.5.

where V = Velocity in pipe in feet per second

Q = Volume of fleow in cubic feet per second
C = A constant depending on pipe roughness
r = Hydraulic radius of the pipe

S = Hydraulic gradient

Hazen-Williams roughness valves used were as follows:

HAZEN-WILLIAMS ROUGHNESS VALUES

TYPE OF PIPE C
Extremely smooth pipes 140
New steel or cast iron 130
Wood, average concrete 120
New riveted steel 110
0ld cast iron 100
0ld steel riveted 95
Badly corroded cast iron 80

Very badly corroded iron or
steel 60



The Hazen-Williams equation is clumsy to use numerically and thus
an alignment chart or "Nomograph" is very widely used and accepted.

A typical nomograph is shown in the Appendix.

When considering fire hydrants, spacing requires that fire hydrants
be provided at each street intersection and at intermediate points
between intersections ranging from 350 to 600 feet. Fire hydrant
spacings were designed and checked to provide 120,000 sq. ft.
coverage in residential sections and 100,000 sq. ft. coverage in
commercial sections. Hydrants must be capable of delivering 500
g.p.m. in residential areas and 1500 g.p.m. in commercial and

(3)

business districts.

Meters must be considered when designing the distribution system.
Many meters are now on the market that can effectively perform the
same functions. As mentioned before, meters can cut consumption
50% of that for the system without meters.(3) Therefore, by meter-
ing the system, the savings in water would allow more consumers
onto the system and treatment-pumping cosﬁs would be reduced.

Meters also make for a more equitable billing procedure.

Period of Design

General practice in municipal water works design uses the following

guides in determining design periods.(4)

Water Mains - 40 to 50 years

Pumping and Treatment
Facilities - 10 to 20 years

Piping is generally designed for the longer periods of service
because the additional cost for increased capacity in the initial
installation is generally small in comparison with the cost required
for future construction. Also pipe materials have a life expectancy

consistent with this long design period.

On the other hand, pumping and treatment facilities usually require
mechanical and electrical equipment which has a much shorter 1life
expectancy. Further, improvepents in process design could make
present forms of treatment obsolete over a period of a decade or

more.
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Saratoga, like other impacted towns, is growing at a rate which is
very difficult to predict. The design period for pumping, treat-
ment and storage [acilities will be shortened or lengthened by the
rate at which the Town grows. The design period for the distri-
bution system is relatively unchanged except for its sizing. The
quality consistency, etc. of the material used will have a design
life of 50 years or more. The design period of the water treatment
plant will he affected both by the growth of the Town, and whether

or not the Town can be effectively metered.

2W-10



*Ruptdaws o aWII 3v aBxwyssiq v

L P ARS-15 " | 14 K 29 0TXT ze" :154 €0° |9° 8 9°¥ 1€ [1] zrt £°T 8T 11 8t | Le° ni QELIV | =" oo mn Linp
g°LlLie 8°0 |8 €IT EEL LZ2°0 | 861 00! ¥°0 |¥°0 |E°C [-14 [¢] Lzt 2°c 81 88 I€ {€2°0 €L oLgIV " 1961 ‘9 -ady
M .
so(deEus IWUOTITPPE JO ses{rway
6°Lizee 6° 6 f244 (144 ;4 1 384 £€0° jz° 9° | L] (14 o £91 T°t 1 14 2°6 114 149 [ - 0€-61 -adag
L°L118E 8° [ 149 oz (34 e %0° j0° - e°9 65 [ 091 L°T >4 1’6 144 81 () € >N 8I-1 °3¢3g
1°sglree L £€1 ezt h $>4 >4 (1124 0" |E° 9° €°¢ (4 4 o 1449 1°€ 8T T°6 LE L2 9SE [ttt Te-91 “3ny
6°L1S8Z 9° T (118 ¢ ozg :+4 6T 80° 1¢g° - 6°¢ ¢4 0 E44¢ [t 4 ST yL [4% ET 019 |t 01~1 “3ny
g Lie9e 8 ot ZIT £0¢ 4 89% $0° |L° €° o°y SE 0 ¥cI $°z 148 ¥°8 1€ €1 OTTI 1c-12 4(ar
¥LjoLe [ 1 4 yIT OLIT | & el $0° |jL° $° L°€ ot (] €T 8T [4 ¢ 8°s 174 k48 oore IR : it G $ 4.7
€°Li86T | & [} 8L 0LLT ] 94 TET $0° 0" | 1 149 [1] 96 T [8°2 69 oz (44 (17234 €-61 sunp
£°LiT8T ¥ € (17 (11413 Lt 144 90° jo° | & 8°C st [} 18 t°T j0°8 124 4 oz CI} OQI9y frocecceces 81-1 aung
g°LiEET L ] 44 0001 [} 8 | 1) 4 80° |§° £° [ 3 TT o 09 T (114 8°C 149 1T L1131 < J 1E~EZ Aml
8°LivEZ 8° -] e ory w ostK 60° |g° L & 8y - 4 ] <6 L ¢ 4 41 e ot [ 44 296 | ceccececcs 22Z-T Lwn
e°sirez 8° o a6 [ (-1 89T £0° |B° $° »”e £ 0 f{ozt T (.18 s 4 [ 44 ¥6L [ ccccece QE-9T “Idy
0°8{%0¢ 8°0 |¥ ott L9 SC°0 |98 $0°0]E°C {9°0 j9°% 88 o a6zt L1°8 ot 0°8 8z 81 OLIT “°°1961 ‘gl-p -ady
{2,852 s |0 003
7 soqud | g | 0@ iwp ~agoe | D= Coom)
)20 o P [ ad [T e o) €00) ) on)
souw -pu | "9ON sy, RIS | ooy oen| eprx -uoq wup edreqaep »
- -0 ;oD | Supg | ~woq ~'W | Wwppag | -sm wox
o emyp -og | ~IN oayy -amp| ~T® -od sy | T N L2
-00o P -tg
byoedg! ~8 | 00D W (2.081 3% supyesa)
sseupIvy FPTOE poArossRY
L2681 Jequsideg 03 .[3ady 'GOTIIIW Iod s33vd UT 'seairROY [EOTEOD

"UOTINIS 8791 I LITTEND 3038a JO WOTITITIOP GATSUSEIIEEOD BJ0M IO PaIS[(0d ozas rerdmus TeUOTITPPY-- " SRIVNI Y
‘0T “Bny 4,17 ‘SnuixeR  (€aJnivzadmsl 83Ty

“8C Lvg soYmDIOTR OYT ‘L1ISp mnayuim ‘g °jdeg SOYWOIOTR 29y ‘L{7Rp WNWTXSN :93Q¥3dnpuod a31312edg
*Ie~¢z dwp wdd gy ‘wmompure (gr-T °3deg mdd gyT ‘anusxeN ssInpavy
ve-ez Lwm wdd ot ‘@nmyuTE (9I-T -3dog wid YIT ‘SNETXEN :SPIIOS PeaoewIQ--°/96T JoQERIdeg 03 Tiidy ' SENSHLYE
*L961 Jeomw:dag o3 [TIdy  :saanivradEsy 338y
“186T Jeq@eideg O3 [rady SVSATNUS [¥OTWAQ)~— "TEVTIVAY 8080034
"S91im aJenbs 0yg‘z---VIUV OVNIVHQ
“¥ea1) Buradg mOI; WRIIIFUAOP

O17® T puw ‘i3uno) moqre) ‘u3038IRE UT OCT Lvaglth 83vig TO eIpriq W0IF mwesisdn 3837 000°T ‘woT3vas BupBed v . 97.8¥.901 BAOT ‘.QL.LZ.IP 3TT-- "NOLLVIOT
‘oia ‘VOOLVAVS IV WIAlY 3LLY1d BELEON °0LES-9
PeNTIITO~~NISVE WIAIE XLIVId

ONIWOAM ‘VOOLVYYS IV ¥IAIM HLIYId HIYON JO SISATUNVY TVOIWIHO °S°9°S°n
P-MZ 4TdY4L

2W-11



-- 95 1565 | 69]95 [ w5 [~ [ 45]25 [06]8% | 59165 | —=| 15 | 6|2 |05 oo | ] | —T— ] —=1— I_l | [ =~ |-+ s3qwardog
- = | €91-= 1 0LI19 | 89/-- | — 169 [ €9{OL | €9189 | ~=]6§ | mmfom [ =~ |=—= | —={12 | v9i59 | 59]co | 69|~ [ 50i0s | o2 --amfny
9 | 99/19 {gofs9 <069 ao_Z 99199 | €9/~ | 19]29 | %9}~ ' ¢9/s9 [59!29 | w9 €5 | 0959 | 19(29 [ 1965 | 9i~m | = ceesesimf
|
€5 65 | 9165 | 95|98 [ E57Es | 96196 [ 66196 | 9665 (€5)25 [0S |1S (1625 [ —le® | 0w - | 6v[1s | 16]€s f€s|zs [0 |*oreereen qunf
15 == | =-- | --jev |esies Jes|es [6s|Ls | -~[215 | 9s[cs {o[9y | 9v|€c |05 [ [ 956y 1 v5i0s | 9uize _ §9| 0% | 6E [rrr e deyy
144 ¥ [0S 19% { ¥9i0v [ 19(0% |09 0% [ €9 {10 |99 ey |6EiCy | 29]6E [ 29 9% | so|co | co 2o | T0iz2e | —=|— j=—y— =1 -pady
28 _n*on on._mn nwmompnm_vu €T NN_—ﬂON 61 |Bt .:_o_ St v~*n_ TifttjoL 6 i8 N._o S «._.m Tt
<3347 : — Jivow
dng

L96T Jequeidag 03 1idy ‘xe3ma Jo (d,) eInyuiadmoal

6s€ | - esz | w6t 961 $82 ! 1
-— 9w 122 - 0s1 -
13 (243 €92 *iz [339 $92
134 i8¢ 892 €02 €1 282
[ 144 - 92 161 21 262
90¢ 1341 192 161 i ¥
SEE L€ $§¢ s61 o1y 202
otE {411 962 Y02 E44 042
—_ - 292 202 (13 o092
(243 - 652 8el vl oL
ZEE 1431 152 161 091 542
41€ Zs€ (14 Bl i 452
j133 $EL - 81 91z oez
29¢ €1€ €9 $81 - | 724
€£6€ 80¢€ 852 12¢ LT4 992
— - (1-14 [3%4 L 4%4 1 734
oy 60¢€ bl 632 224 892
L7314 - 062 202 9t 82
68¢ - i8¢ 961 (144 8@z
coet - A4 14 261 202 s8z
1113 - oLz €81 202 12¢
10¢ - $L2 - 161 262
— 882 9L 291 192 o1e
199 €82 12 951 922 9le
{11 S0t 052 - 992 S1€
£2€ ez 0s¢ €91 w92 Q1€
1€ oez [} )4 91 182 22¢
1441 982 [1%4 (1) $52 -
i€€ - €2 as1 (424 -
- 912 L1 %4 (1)1 €2 -
- 182 - 491 *»%z -
SvE 112 - 81 192 -
saqmardag| suSoy Amf awaf W pady _ arey | Arenuqay | Lienusf | saqmadag uR_Eusz_ ..oaeunx.uh Ang

LO6T Jeqmaides 03 [1adV '(DJ,SZ IV SOEROIIIA) @ITPIONPUOD O}jjoedg
panuTITO]~- 0Ll ‘YDOLVYVS IV WAAI® LLLVTd RLUON *0.29-9
PanNuIIuWOD~-KISVE UIATE ZLIVId

ONIWOAM ‘V¥DOILVYVS IV ¥IAIYM FLIVId HIMON J0 SASXTYNY TYOIWAHD °S°9H°S°N
‘@, LNOD - p-MZ JT9YL

2W-12



TABLE 2W-5

U.5.G.S. CHEMICAL ANALYSES OF NORTH PLATTE RIVER AT SARATOGA,

i 154 PLATTR RIVER BASIN

6-6270. NORTH PLATTE RIVER AT SARATOGA, WYO.

LOCATION.--Lat 41°27'18", long 106°48'16", in SE1/4SEL/4 msec,1l, T.17 N., R.84 W., Carbon County,
1,000 ft upstream from bridge on State Highway 130 in Saratoga, and 1-mile dowustream from spri
DRAINAGE AREA,--2,840 ag mi,
RECORDS AVAILABLE,--Chemical analyses: Aprll to December 1967 (diecontinued),
Water temperatures: April to Decemher 1967,
EXTREMES, October to Decembar 1967.~-Dimmolved molids: Maximum, 308 mg/l Oct. 21-31; ninimum, 224 mg/1 Oct. 1-20.
Hardness: Maximum, 190 mg/l Nov, 24-30; minimum, 142 mg/1 Oct. 1-20.
Bpecific conductance: Maximum dally, 605 micromhos Nov. 28; minimum dally, 318 micromhos Oct. 8.
Water temperatures: Maximum, 15°C Oct. 3; minimum, freozing point Nov. 6.

at gaging station,
ng Creuk,

CHFMICAL ANALYSES IN MILLIGRAMS PER LITER, WATER YEAR OCTORFR 1967 TO SEPIFMBER 1968

PAG~ PO~
cIs- TOTAL CaL~- NE- VA S~ RICAR~ [ L2 (HLL -
TIME fHAPGE stLica 1RON Clym Stum sSunium S Tum BUNETE BUNATF  SLL FATE RIOE
OATE (ees {5102}y {tFE) (cal (4G) {NA} tn) {HLU3) 1ce3y (Sus) [([4N]
net,.
01->0n - 45A 13 - 19 11 19 2.4 139 1] 61 1.4
2111 . 3R2 17 - 18 13 10 2.6 154 o 167 I
NOV,
0i-23 - 414 18 = 44 11 21 2.1 154 Q 61 7.2
24-%0 - 319 22 il 93 14 27 3.1 IR} 0 93 4.3
NEC .
nt-14 - 136 20 bl 48 14 24 2.4 182 0 a3 7.8
15-31 - 248 20 - 43 11 [§] 2.2 154 [ 53 6.0
MTD. AVG, - - 18 -- 45 12 22 2.6 153 o " 1.9
TinF
WYD. AVG. - 370 19 - 45 12 22 2. ¢ 154 0 11 T.4
TONS
PEP DAY - - 18 ~- 44 12 22 2.6 152 1] n 1.5
ANALYSES OF ADDITIONAL SAMPLES
ocr,
O4.,. 1008 418 i3 .18 36 8.6 16 2.8 140 € 41 6.7
06,0, 0710 540 15 .- 41 Ak 19 2.k 131 1] e 1.4

2W-13
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TABLE 2W-5 cont'd.

U.5.G.5. CHEMICAL ANALYSES OF NCRTH PLATTE RIVER AT SARATOGA, WY.

EXTRLMES, April to Decembar 1967.~~niamclved solids,

1961,
Hardneas:
Spectfic conductance:
Water temperaturea:

REBMARKS.--Daily mamplas fnr chemica

6-6270. NORTR PLATTE R1v/ AT BARATUGA . WYO, ~—~Cant 1nued

Maximun,

Maximum, 190 mg/1 Nov. 24

Maximum Jdally
Max)mum, 22°C A

=20, 1967; minimum,
¢+ 605 micromhos Nov,

1 analysis compoeited by dlacharqge.

43 mg/1 May 23-71, 1987,

308 my/l Oct, 21-31, 1967; minimum, 108 mg/1 May 23-31,

28, 1967 minlmum daily, 110 micromhon May 26, 1967,
ug. 10, 1967, ninimum, freezing polng Nov., 6

1967,

compreheneive definition of wate

T quality at this station.

Additional samples were collected for more

CHEWMICAL ANALYSES EN MILLIGRAMS PER LITER., WATER

FLUN-
rINE NITRATE
DATE (F) tNO WY
ocy.
01-20 ) ol
21-1 1 ok
NDv.
ol-23 % -1
24-10 5] o2
DEC.
01~-14 -8 3
15-3¢ o .3
MIN. AVG, 3 2
T imf
uib. ave. -8 2
TONS
PER DAY .3 .2
acr,
06, b .3
06.., 3 « 1

0f$- 0fs~ DLS~
SOLYED SoLveo SDLVED
SOL)DS soLios SoLtos
tSun oF LRIV H (TONS
a0RraN CONST 1~ PER PER
on) TUENTSH AC-FT1} DAY
<08 224 <30 272
«06 3oa «43 328
« 04 262 L) 202
«10 304 40 231
<18 200 42 281
02 232 39 [R1]
07 293 - -
07 238 b -
07 - - -
ANALYSES OF aDDITIOMAL
<08 19¢ « 30 230
03 287 37 394

2W-14

YEAR OC YOHER 1967 TO SEPTEMRER 1Sae

NON- S0t um
CAR - AD-
HARD - BONATE SORp -
NESS HARD~ TIon
(Ca,mney NESS RAT D
142 28 o7
183 57 1.0
156 30 R4
190 49 -9
irs 42 «8
152 26 8
160 33 -
L1} 39 -7

SAMPLES

12e 10 -6
139 32 o7

SPECIE-
FIC
COND-
UCT aANCE
imicac- Pt
MHOS )

mn 1.0
489 8.0

404
493

46) 8.0
387 7.8

323
360

-~

TEMP-
EPATUNE
(OEG C}

—
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TABLE 2W-5 cont'd.

U.5.G.5. CHEMICAL ANALYSES OF NCRTH PLATTE RIVER AT SARATTOGA, WY.

156 PLATTE RIVER BASIN
6-6270. NORTH FLATTE RIVER AT SARATOGA, WYO,--Ccntinued

SPECIFIC CONDUCTANCE (MICROMHOS AT 25° €}, WATER YFAR OCTORER 1967 TO SEPTEMBFRR 1968
{ONCE DAILY MEASUREMENT)

Day OCVOBER NOVEMBER DECEMBER JANUARY FEBRUARY MARCH APRIL MAY JUNE ey AUGUST SEPTEMBER

-- 564 - - -— -

356 403 448 - - -- -— - = == - -
338 387 _— - - -- - - e - cs i
419 350 568 - - S - i = - - -
428 -~ 486 -~ .- -- -- -- -- -- -- --
113 522 432 - -- - -— - e - - o
-~ 493 419 - - -- - - 5 -- - -
318 462 552 -- - - -- - -- - - -
353 411 433 - -- - - - - - - S
363 383 219 - - - - - -- - - -
4217 376 42 - - -- - i o = = =i
328 381 436 - -~ -- - - -- - - —
339 380 «A1 - -— -- -- -- - “e - -
350 353 499 - - -- - -- - - - --
-- 381 382 - -- - - - - .- -- --
348 3ce 377 - -- - - - - - - -
356 366 -- - - -- - - = - - =
370 3606 186 - - -- - - - - - -
171 385 362 - - -- - - -- -- -- -
367 388 Ing -- - -— -- - -- - -- -
-- 387 370 - -- -- - - - - - -
- 400 379 - - - - —= - -- —- -
418 -—- 317 -- - - - -— - -- - -
510 512 - - - -- - - -- - - -
502 432 -- - -- - - -- — - -— --
438 465 362 - - - - - - - - -
513 581 366 - - - -- -- - -- -- --
- 603 -~ -- - - o -- - - - -
- 472 513 -~ -- -- - -- - -- -- --
537 439 -- - -- -- - - - - - --
517 - -- - -- -- - -- -- - -- -
AVERAGE 400 427 - - - - - - - - - i

2W-15



U.5.G.S.

MONTH

OCTOBER, .
NOVEMBER,
OECEMBER,

JANUARY
FEBRUARY,
HARCHeao o

APR1Leese
HAYosenne
JUNEsooos

JULYeeedse
AUGUST.a s
SEPTEMBER

TABLE 2W-5 cont'd.

CHEMICAL ANALYSES OF NORTH PLATTE

PLATTE RIVER BASIN

RIVER AT SARATOGA,

€-6270. NORTH PLATTR RIVER AT SARATOGA, WYO.--~Continued

TEMPERATURE (°C) OF WATER, WATEK YEAR OCTOBER 1967
(ONCE DAILY MEASUREMENT)

e @

10

N

11

-0

X X ]

il

-poe w

14

- >

-

DAy

19

»a

16

-

2W-16

TO SEPTEMBER 1968

WY.

187

AVER-~
AGE



. TABLE 2W-5 cont'd.

U.5.G.5. CHEMICAL ANALYSES OF NORTH PLATTE RIVER AT SARATOGA, WY.

158 PUATYE RIVER BASIN

6-6300. MOKTH PLATTE RIVER ABOVE SEMINOE RESERVOIR, NEAR BINCLAIR, WYO,

LOCATION (revised).--Lat 41°352'20", long 107°03'2S", ln'swx/asw1/4 sec.13, T.22 H., R,86 W.. Carbon County, sampled at
railroad bridge 2.3 miles downstream from Interstate Highwvay 80, 8.9 miles east of Sinclair, and about 12 miles up-
stream from gaging etstion,

DRAINAGE AREA.--8,134 aq mi upstream from gaging station, of which 4,073 sq mi i{m probadbly noncontributing.
RECORDS AVAILABLE,--Chemical analyses: Dacamber 1960 to April 1967, January to September 196A.

Water temperatures; Decambar 1960 to March 1967, J Y to Beptembar 1968,
BXTRRMES, January to September 1968.--Dissolved solide: Maximum, 330 mg/1 Apr. 7-30) minimum, 126 mg/l June 1-30.

Hardnese: Maximum, 195 mg/l Peb. 25 to Mar. 15; minimum, 63 /1 June 1-30,

Bpecific conductance: Maximum daily, 579 micromhos Apr. 12; minimum deily, 181 micromhos June 20.

Water temperatures: Maximum, 22°C Aug. 6; minimum, freewing point on many days during Fehiruary to April.

CHEMICAL ANALYSES IM MILLIGRNAMS PER LETER, WATER YEAR OCTOBER 1967 TC SEPTEMBER 1968

. naG- ro-
nls- TataL cat- NE- tAS-  BICAR-  CAR- CHLe-
TIME  CHARGE  SILICA  INON Cium SIUM  SODIUM  SIUN  BONATE  BGMATE SULFATE  RIDE
paTE 1CFS1 (81021  (FF) tca) NGl tNA) ) (HCO3)  (CE3)  ISCe)  (CL)
JAN,
10-31 s 241 19 e . 19 26 2.0 162 o 100 7.8
FER,
0i-24 s 22 17 5 sa 1 29 2.8 159 0 a9 0.9
25-29 - 020 16 =i 30 19 " 2 153 0 121 12
MARN,
01-18 - 420 16 - s0 13 n 3.2 193 0 121 12
16-31 e a9t 18 = 32 12 21 2.8 146 o 102 10
APR
01-08 - 184 18 - a3 1 28 1.6 138 ° e 0.3
07-30 o 1200 16 o a8 18 s a“s 193 0 126 10
MAY
01-04 - 2030 17 - %8 18 26 1.3 140 o T¢ e.n
01-31 m 2180 13 - 27 9.0 14 2.4 99 0 e 38
JUNE
0t-30 . 6430 12 = 21 1.9 1 1.8 0 0 n 1.9
JuLy
o1-07 == 2310 13 -- 32 0.8 13 1.8 119 0 a5 3.8
0n-11 &2 1200 1 - Y] 12 20 2.1 148 0 a7 3.9
sue.
01-23 - 130 12 - 3 12 20 2.2 140 o Iy 5.1
2631 R PN 14 - . 12 23 2.4 142 0 o1 a.s
SEPY
01-30 - 261 1 - a3 13 28 5.5 182 0 1) 1.9
WYTD. AVG. - - 13 - 30 %6 14 2.3 1ue 0 L3 ] 4.0
TINE
wro. ave. - 1570 14 -- a1 12 29 2.9 136 0 e0 ')
YONS
PER DAY a -- T - 128 o1 Py 10 50 ¢ 221 T)
ANALYSIS OF ADDITEONAL SAWPLES
JuLy
29... 1629 s98 s.0 13 38 10 19 2.1 134 0 T 5.3
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4-25-'77

4-26
4-28
5- 2
5- 3
5- 4
5- 9
5-10

TABLE 2w-6

TURBIDITY AND COLOR FROM

NORTH PLATTE RIVER SAMPLES

INTAKE
Turbidity
24
5
5
7
8
5
5
3

Color
55

10
55
10
10
10
10

TURBIDITY TESTS

NORTH PLATTE RIVER -

1978

ke L 15 10

320
130
105
90
80
110
90
88
80
84
78
72
70
54
52
92

pH

7.0
7.0
7.0
7.0
8.0
7.0
7.0
7.0

NTU



CHAPTER 3W. - SUPPLY, TREATMENT AND SPECIAL CONSIDERATIONS

The Scope of this Chapter is to provide the design parameters which
will govern the types and quality of treatment required by todays

public health and drinking water standards.

On June 24, 1977, Congress enacted the National Primary Drinking Regu-
lations as part of EPAs responsibilities under the Safe Drinking
Water Act, Public Law 93-523. The regulations define the require-
ments for treatment and operation of Public Water Systems. The
entire Regulation 1is included for easy reference in the Appendix

of this report.

While the Primary Regulations are law and devoted to constituents
and requlations affecting the health of the consumers the EPA
has also proposed National Secondary Drinking Water Regulations
which set recommended standards for maintaining the esthetic
quality of drinking water. Although these Secondary Regulations
have not yet heen enacted as law by Congress, they should be
followed as guidelines in the design of supply treatment. The
recommended standards set forth in the Secondary Regulations
deal with levels of color, taste, odor and corrosion causing agents
that when found in excessive quantities, may discourage the utiliza-

tion of the drinking water supply by the public.

It is intended that the treatment systems recommended in this report
meet or exceed the requirements of both the National Primary and

Secondary Drinking Water Regulations.

Water analyses have been performed on the raw water supplying the
existing water treatment plant by the U.S.G.S. as stated before,
and by State and private labs as well. Results from these tests
shown in Tables 3W.-1 and 3W.-2 show that for those time periods of
testing that the Secondary Regulations are generally met without
any treatment except perhaps the iron and manganese content. Iron
and manganese can be color causing agents if in high quantities.

No tests for the color causing agents (organic compounds) or

taste and odor compounds were documented.

3wW-1
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W.E.A.I. performed color tests on the raw river water in the
Spring of '77 and Spring of '78 as shown in Table 2W.-6. The

'77 results ranged as high as 80 color units. On June 2, 1977,
a sample of raw water was taken to the University of Colorado in
Boulder, Colorado for organic analysis of the colored water. The
color in the sample was 60 color units. It was possible through
mass spectrophotometry to measure the mass guantity of organic
compounds in solution. The total organic carbon, TOC, was mea-
sured at 10 p.p.m., a high level for a good quality river. These
organic compounds are in great part responsible for the color

of the water. 1In addition when combined with chlorine during the
disinfection process, these compounds cause odor problems. The

results of the testing in Boulder is documented and listed in the
Appendix.

The fact that the raw water being used for the supply is a good
source most of the time,makes further treatment more simplistic.
The results obtained from treated water testing show that many
of the Primary Reqgulations are being met with the existing treat-

ment processes. Again, color and turbidity measurements have not
been documented.

Our testing shows raw and finished water turbidity to range from

as high as 100 J.T.U. in the river and 15 J.T.U. in the treated
water, and color to range from 80 in the river to 55 in the treated
water. It should be pointed out that color and turbidity are diffi-
cult to separate for analytical purposes. Color is often in
dissolved form, while turbidity is suspended in solution, and
filterable. The method of measurement is similar for both in

that they are measured by their ability to absorb and deflect light

when light is passed through a sample containing color and or tur-
bidity.

The special consideration of this report then is to provide a
solution for removing the color and turbidity from the water and

will be more thoroughly treated in Chapter 6W. , Coagulation.

3W-2
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. TABLE 3W-1
CHEMICAL ANALYSES OF WATER PRODUCED
: . AT WATER TREATMENT PLANT
5 WATER ANALYSIS Lab No. 4-Gh67
Wyoming Department of Agriculture -
Division of Laboratories
‘ F+0Oe ‘Box 3228
Laramie, Wyoming 82070

k.

" JWNER or USER TOWN (OF SARATOCA . ATt e tal
ADDRESS Quality, Water Quality Div. State Office Nuildir Ch B
ADEES ats Qfdl ing, eyenne, WY 82001

| DESCRIPTION )

DATE COLLECTED _ January 18, 197\ DATE RECEIVED

Januwy 18, 1974

00‘.‘t‘tttoto-..“tto‘.ttt.ot‘.‘...‘...

| CATIONS meq/1 mg/1 ANIONS meq/1 . mg/l
Catl"cium 2.02 Lo Carbonate 0.00 0
Magnesium 0.76 2.3 Bicarbonate 2.43 140
Sodium 0,71 16 Sulfate 0,93 ﬂ&
Potassium 0.05 2.1 Chloride 0,25 8.8
. ' Nitrate Q.01 0.3
Fluoride 0.02 0.k
Total Cations _ 3 5k Total Anions _ 3 gl

AR A A e A I A N EEEEE R T

U.S. PUBLIC HEALTH

‘Standard Found mg/1 Standard Found mg/1
Arsenic 0.01 Less than 0,007 Barium 1.0 Less than 0.5
~ Chlorigde 250 8.8 Cadmium 0.0l legs than 0.001
Jpper 1 0,02 Chromium 0.05 Less than Q.01
Carbon 0.2 Lead 0.05 Less than 0.01
Cyanide 0.01 Lees thag 0,008 Selenium 0.01 0.00)
Fluoride 0.4 Silver 0.05 Legr thun O 05
Iron. 0.3 0.2 pH 2.9
Manganese 0.05 _0.Q7 Conductance T
Nitrate L5 __0.3 Hardness (CaCO3) o
Phenols 0.001 0.002 Sodium % 20
 Sulfate 250 Ly Boron 0.02
Total Dis. Solids 500 22 Silica 19
Zinc 5 Less than 0.02
M.B.A.S. 0.5 0.03

s 9 & & ¢ & & P & * 2 B % & & & ¢ s B b v $ b S & ¢ & & ® ¥ & & ® ¢ & & ¢ $ b & 5 & 9O

B.0.D. 5 days mg/l
Colon Bacilli, per 100 cc. M.P.N.

¢ 2 » & » & & & & 5 S F & 2 & 3 32 & 2 & & & ¥k * B2 & & & ¢ & 2 O & S & ¢ B B X * & » @
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TABLE 3SW-2
CHEMICAL ANALYSES OF WATER PRODUCED AT WATER TREATMENT PLANT

CHEMICAL & GEOLOGICAL LABORATORIES

P. O. Box 2794
Casper, Wyoming

WATER ANALYSIS REPORT

OPERATOR Western Engineers & Architects paTg_December 17, 1976 LAB NO.__22064

WELL No._Water Plant Clear Well LOCATION
FIELD Town of Saratoya FORMATION
COUNTY . INTERVAL
STATE___ Wyoming SAMPLE FROM___ Clear Well (12-10-76)

REMARKS & CONCLUSIONS:

Total hardness as CaCO..L mgfl = = = = = = - 156
! Fluoride (F), mq/l = = = = « = - = = e = - 0.32
Cations mg/t meq/t Anlons mg/i Jueg/1
Sodivm - - - « - o 30 . 1. 30 Sulfate <« = « = « = 60 1.25
Potassium « -« « « « J 0,08 Chloride « « « © = = 16 Q.45
Lithium « - - « <« « . Carbonate =« - « - =
Calclum - -« « - - . 41 2.05 Bicarbonate - - - - - 171 2.80
Magneaium <« - - < o 13 1.07 Hydroxide - - - - - .
Irop ¢ - = = =« o o = Hydrogen sulfide - - - -
Total Catlons - . . . —__"_:_L Total Anlons - - - -« 4.50
Total diesolved sollds, mg/l o o = - .__:"17____ Specific resistance @ 68°F.3
NaCl cquivalent, mg/1 - « « - o o . __ 190 Observed - - = - ___ 28.0 _ ohm-meters
Observed pH = « - = « o o o = 7.5 Calculated o « « o ___~30.0 _ ohm-meters

WATER ANALYSIS PATTERN

Scale
Sample above described MEQ per Unit
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- I <o, 1 Mg [HiE | R T so,
i Hiitadinie lilitinlinisintag i
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(Na vwalue In ahove graphs Includes Na, K, and L1)
NOTE: Mg/t ~Milligrama per liter Meq/t== Milligram equivalents per llter
Bodlum chlaride wjulvalent=by Dunlsp & Hamhoroe caleulstion from components
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CHAPTER 4W. - COLLECTION
When designing collection of the water supply to be treated, the
ease of collection and gquality of collected water must be given

strong consideration. The water source is the North Platte river,

the qguality has been discussed previously. It is recommended that

the Town utilize a backwashable infiltration gallery type of
collection system built under the river bottom. The river quality

is generally good for 9 months out of the year, and thus lends

itself to this type of collection system. A backwashable infiltra-
tion gallery 1is best described as a horizontal well that collects
water along its entire length. They are constructed with sand and
gravel packing and thus filter out many of the particles that usually

require coagulation in conventional treatment processes.

Infiltration Galleries

The proposed backwashable infiltration gallery built under the river

is recommended where turbidities are low and last for a short duration
of less than three months during low water usage periods.
Backwashagle infiltration galleries are in common use throughout the
(30)

world. W.E.A., Inc. experience with high country runoff has

shown the sytem to have some distinct advantages for collecting
water:

l. The natural stream flow carries most of the turbidity on
downstream.

2. The resulting filtered water has turbidity units of less
than 5 J.T.U. even when the river turbidity is quite high.
3. When the river bed seals and infiltration decreases, a

gentle backwashing will restore the gallery to maximum
capacity. Such a system was installed in the Rig Horn
River for the Town of Thermopolis in 1961. The design
capacity was 3500 gpm and after 11 years of operation the
capacity was not changed. The Big Horn River has suspended

sediment loadings for short durations of as high as 20,000
J.T.0.

4. The need for coagulation of turbidity is greatly reduced.



]

5. The simplicitv, low initial cost, adaptability for auto-
mation and extremely low maintenance costs preclude con-

sideration of any type of system involving chemical treat-
ment.

However, color normally cannot be removed or substantially reduced

by
a backwashable infiltration gallery,(B)’(3l)’(32)

The chief objection to infiltration galleries is that with con-
tinued use, capacity normally decreases. A properly designed
backwashable system eliminates this problem. Design is similar
to that used for rapid sand filtration, if the system is installed
as shown in Fig. 4W.-1, except the backwash rate is reduced to
about 6 g.p.m. per ft2. The backwash water cannot be chlorinated,

as the chlorine may endanger fish and other aquatic life.

Although many feel that this infiltration system is a horizontal well,
the backwashable infiltration gallery is actually classified as a
surface intake. The Towns present water right is a surface right
for 2 C.F.S. Design of the new intake system should include
appropriation enough for a population of 10,000. As shown in a
previous chapter, the water demand for a Town of 5000 is 3.25
MGD or 2257 g.p.m. and 6.50 MGD or 4514 g.p.m. for a population
of 10,000. Phase I of construction, the intake is designed for
2400 g.p.m. and will be easily expandable to 4800 g.p.m. for Phase
IT. And therefore, the Town should apply for a water right of
(4800 g.p.m.) 8.70 C.F.S. in addition to the 2 C.F.S. already
appropriated, for a total right of 10.7 C.F.S.

The infiltration sytem recommended can be either fully automated,
completey manual, or any combination thereof. However, the
additional maintenance for a "semi-automatic" system will be more
economical in the long run than the cost of fully automating the
system. Therefore it is recommended that a “semi-automatic" system,

i.e., one that is operated automatically with push button manually
initiated control, be constructed.
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