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INTRODUCTION 



GENERAL 

CHAPTER I 

INTRODUCTION 

The Wyoming Water Development Commission is conducting a Level I 

reconnaissance study for the Vista West Improvement and Service 

District. Vista West is a community located approximately 4 miles 

northwest of Sundance in Crook County, Wyoming. (See Location Map, 

Figure 1-1.) Vista West borders the Black Hills National forest near the 

Bear Lodge Mountains. The purpose of this study is to evaluate water 

supply alternatives for Vista West; prompted by operational and quality 

problems. 

HISTORY 

Vista West was originally built as a military base in the early 1960's for 

the Air Force by the Army Corps of Engineers. The purpose of the base 

was to house support personnel for a nearby radar tower on Warren 

Peak, six miles to the north. The present water collection system was 

developed after unsuccessful attempts at a deep well source. 

The base was decommissioned in the early 1970's. Part of the 

decommissioned base, referred as the Cantonment area, was privately 

developed and platted in the mid 1970's as Vista West No.1. (See 

Distribution System map Figure 1-2.) The barracks, headquarters and 
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dining hall are now the home of Teen Challenge, a boarding school for 

troubled teens. The former officer housing area is now under private 

single family ownership. 

In 1989, the Vista West Improvement and Service district was created to 

manage the water and sewer systems. The district is organized as a 

quasi-municipal corporation according to the laws of the state of 

Wyoming. State Statute 41-10 gives the district the power to acquire 

projects for the purpose of supplying, treatment, and distribution of 

domestic water. The district can acquire water rights, treatment facilities, 

water lines and appurtenances. 

1-2 



" G) 
C 

J :0 
CAl m IDAHO 

---

, 

UTAH COLORADO 

LOCATION MAP 

I 
I 

S. OAK. 

~ 
NEBR. 



." 
G> 
c 

.. ::D 
~ m .. 

I\) 

g . VISTA WEST NO.1 \ ~ ~ ~ 
SUBDIVISION '\ \ ~ .~ ~ 
BOUNDARY \ ~ .. 

__ .,......., \. _ ---=t:V.:~--

~. 
• DENOTES BUILDING ~ 

WATER DISTRIBUTION 
SYSTEM MAP 
VISTA WEST 

--__ 5400 

TO 50.000 
GAL. TANK 



CHAPTER II 

INVENTORY OF EXISTING SYSTEM 



GENERAL 

CHAPTER II 

INVENTORY OF EXISTING SYSTEM 

The existing water system includes five major components. These 

components are: source, transmission, storage, treatment, and 

distribution. Each component is discussed separately in the following 

sections. 

SOURCE 

The source is a spring-fed stream in Ogden Canyon, located in the 

Upper Bear Lodge Mountain Area. (See System map, 'Figure 11-1.) The 

upper limits of the drainage basin are reached by a paved two-lane road 

3-1/2 miles from Vista West. The drainage area contributing to the 

stream above the collection unit is approximately 690 acres. (See 

Ogden Creek Drainage Basin, Figure 11-2.) From the pavement the basin 

is accessed by a gravel road. A quarter of a mile from the paved road is 

the first crossing of the stream. Here, stream flow is not visible on the 

surface.' At the next crossing, one half mile further, water flows under 

the road through two 30 inch culverts. Flow was estimated at 

approximately 30 gallons per minute (gpm) or 0.067 cubic feet per 

second (cfs) on June 24, 1991 and 16 gpm (0.036 cfs) on August 20, 

1991. 
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One and one half miles further is the site of the original Ogden Creek 

collection unit used by the Air Force. This collection unit was used to 

supply the operations area on Warren Peak. It is now being used by the 

Forest Service to supply stock tanks. These stock tanks furnish water to 

approximately 250 head of cattle grazing on the surrounding Forest 

Service land including the Ogden Creek drainage basin. Grazing cattle 

and other wildlife in the drainage basin could possibly affect the quality of 

the raw surface water. 

The collection unit used by Vista West is an additional quarter mile 

downstream. This collection unit was constructed to supply the 

cantonment area when wells proved unsuccessful. The stream was 

estimated to be flowing at rate of 170 gpm (0.379 cfs) on August 20, 

1991, immediately upstream of the collection unit. 

The upper reaches of Ogden Creek are above igneous bedrock. The 

flow is believed to flow not only on the surface, but as interflow in gravel 

and fractured bedrock at the base of the canyon. Prior to emerging from 

the canyon the bedrock changes to limestone. The base flow of the 

stream filters into the limestone formation, and the surface flow becomes 

intermittent. Reuter Spring, to the south, is similar; flowing perennially in 

its mid to upper reaches, but disappearing as it leaves the National 

Forest boundary. 

Stream flow data has been collected on Ogden Creek by the U.S. Forest 

Service below the lower collection unit. Table 11-1 was supplied by the 

Black Hills National Forest Service hydrologist. Stream flow data prior to 

1989 were collected by previous staff hydrologists. The exact location 

and methods of data collection prior to 1989 is not known. It is 

suspected that the data were estimated and rounded to the nearest 
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whole number. The present hydrologist has devised a method of 

measuring the stream flow through holes in the dam during periods of 

low flow. In August 1991, flow over the top of the sheet dam stopped 

when the pump was operating. A pool of water remained behind the 

dam and water continued to flow through holes in the dam. This 

represents a drawdown of several inches on the pool during pumping. 

The pump operates at about 70 gpm (0.16 cfs). 

TABLE 11-1 

OGDEN CREEK STREAM FLOW DATA 

Sta. No. 460617 
Location: Ogden Creek below second pumphouse - R63, T52N, S27, 

NW 1/4, SW 1/4 

g = gauged 
sw = measured flow through holes in the dam with stop watch and 

bucket. This was done when flow was too low to gauge. 
e = estimated 

DISCHARGE DISCHARGE 
DATE (CFS) DATE (CFS) 

8/22/91 0.06 (sw) 9/84 <1 
7/11/91 0.65 (g) 9/83 <1 
6/6/91 1.91 (g) 5/83 3.0 
9/27/90 0.02 (sw) 5/25/82 2 
8/6/90 0.09 (sw) 9/25/81 1 
6/3/90 0.99 (g) 5/27/81 1 
9/18/89 0.1 (e) 9/22/80 0 
9/87 0.15 5/20/80 1 
4/87 4.82 5/24/79 3 
10/86 0.25 5/3/78 4 
5/86 3.18 6/13/77 1 
9/85 0.30 7/20/76 1 
9/85 0.24 9/23/75 0 

low = -0 cfs average = 1.2 cfs high = 4.82 cfs 
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Water Rights 

Vista West owns surface water rights for 0.0446 cubic foot per second, 

which is equivalent to 20 gallons per minute or 28,800 gpd, from Ogden 

Creek. Ogden Creek is described by these water rights as Ogden Gulch 

or Spring Gulch, tributary of Rocky Ford Creek, tributary of South 

Redwater Creek, tributary of Sand Creek, tributary of Redwater Creek, 

tributary of Belle Fourche River. A summary of water rights on Ogden 

creek which accompanied the original application by the U.S. Air Force is 

listed in the Table 11-2, with Vista West's added. This information was 

obtained from the Wyoming State Engineer. The State Engineer's office 

had no records of additional filings for water rights on Ogden Creek. 

There apparently are no USFS Ogden Creek surface water rights on file 

in the State Engineers office. 

The impact of this diversion on downstream surface water rights is 

questionable, since the stream becomes intermittent due to geological 

factors, prior to emerging from the canyon. Vista West's point of 

diversion is the upper most of these rights, though it has the latest 

priority. This means those with earlier priorities would have a right to the 

available water before Vista West. 
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PERMIT 
NO. 

2114 
2127 
2339 

23318 

PERMIT 
NO. 

17847 

NAME OF 
DITCH 

EUREKA 
ROADIFER 
OGDEN 

OPERATIONS 
SUPPLY 
LINE 

NAME OF 
DITCH 

OGDEN 
& COLE 

OWNER 

F. S. KELLOGG 
W.B. OOlEH 
MRS MARY OGDEN 

VISTA WEST 
HOMDHERS 
ASSOCIATION 

CHESTER OGDEN, 
E'l' AL. 

TABLE II-2 

WATER RIGHTS IN FORCE 

DATE OF 
APPROP. 

5-13-99 
5-16-99 
5-28-99 

9-29-60 

WATER RIGHTS SUBJECT TO ABAHDONHEHT 

DATE OF 
APPROP. 

8-28-1930 
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USE 

IRRIGATION 
IRRIGATION 
IRRIGATION 
& DOMESTIC 
DOMESTIC, 
FIRE & Imi. 

IRRIGATION 

CFS 

1.57 
1.00 
0.13 

0.0466 

CFS 

260 

HEADGATE 
ACRES LOCATION 

110 29-52-62 
70 30-52-62 
10 25-52-63 

27-52-63 

HEADGATE 
ACRES LOCATION 

18229 25-52-63 



The Belle Fourche River Compact, approved March 3, 1943, settles 

between Wyoming and South Dakota a division of the Belle Fourche 

basin waters. This allocates to Wyoming and South Dakota 

unappropriated waters of the Belle Fourche River and its tributaries. The 

amounts allocated to each are as follows: 

Ninety percent (90%) to South Dakota 

Ten percent (10%) to Wyoming 

except that domestic and stock use be provided separate to these 

allocations to Wyoming. 

Vista West pumps about 70 gpm (0.156 cfs) which is 3.5 times their 

allocated water rights. If Vista West continues to use Ogden Creek as 

their water source, they need to apply for additional rights. These rights 

should be granted by the State Engineers office, if there is no affect on 

earlier priorities. 

Special Use Permit 

Vista West possesses a special use permit to access National Forest 

lands for operating and maintaining their water supply system. 

Conditions of this permit are provided in exchange for furnishing water to 

Reuter Campground during the period it is open. The payments 

between Vista West and the Forest Service have been waived to 

eliminate the unnecessary exchange of checks of equal amounts. 
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Collection Unit 

An infiltration gallery serves as a collection unit. A sheet pile dam driven 

across the stream concentrates the surface and subsurface flow. This 

allows for the water to be collected by 60 feet of 12 inch perforated 

corrugated metal pipe (cmp) buried in the stream. Figure 11-3 shows the 

Infiltration gallery. The cmp is connected to the wet well on the north 

bank of the stream. The cmp ends on the south bank in a manhole. 

There is a 6 inch hole in the manhole made to insert a pipe directed 

upstream. The purpose of this pipe was to increase the quantity of 

water entering the wet well, when the collection pipe had silted in. The 

pipe has been removed. This hole can allow foreign materials or small 

animals to enter and contaminate the system. During high flows, as in 

spring runoff, excess silts may enter here. Therefore, this hole should be 

patched. 

Vista West has removed and replaced the filter gravel around the original 

collection pipe and added a second collection pipe to increase flows. 

The collection unit was probably designed to collect water with a minimal 

amount of surface influence. With the increased capacity, it now has a 

greater chance of silt intrusion. This silt entering the collection unit is 

probably the cause of the high turbidity in the system's water. 

Better housekeeping techniques need to be implemented at the pump 

house. The wet well has a good cast iron cover but a piece of rigid 

styrofoam is presently used. The pump house is cluttered with various 

items for maintenance purposes that are possible sources of 

contamination. 
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The collection unit and pump station are remote. This, accompanied 

with frequent power outages during the winter months, necessitates the 

use of a snowmobile or a snow cat to reset the pump. The pump house 

building is also subject to vandalism. Originally, the Air Force had a 

direct drive turbine pump with a right angle drive combustion engine as a 

backup power source. Both have been removed. 

TRANSMISSION 

A 20 HP submersible pump lifts raw water from the clearwell of the 

collection gallery, at an elevation 5630, with a total dynamic head of 780 

feet, to a 50,000 gallon buried concrete storage tank. (See Hydraulic 

profile on Figure 11-4.) Approximately 5900 feet of 3- inch galvanized 

steel pipe carries the raw water to the tank. The pumped water fills the 

tank at a rate of 65.5 gpm. This rate was determined by measuring the 

rise in the 50,000 gallon tank during a timed interval. The amount of 

pumping is adjusted in an attempt to match demand by a 24-hour timer. 

This timer replaces disconnected, malfunctioning mechanical pressure 

controls installed by the Air Force. 

It is virtually impossible to adequately adjust a timer to meet average 

daily demand without falling short on high use days, and overpumping 

on low use days. Vista West gauges the adequacy of the pumping time 

based on whether or not water is wasted at the lower tank (too much 

pumping time), or the lower tank is depleted and the system loses 

pressure (too little pumping time). As discussed later, water flows to the 

system at a much slower rate than into the 50,000 gallon tank. 

Therefore, water is frequently wasted from the 50,000 gallon tank even 

when the lower tank is not overfilling. 
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From the 50,000 gallon tank, water is delivered by 12,500 feet~of 2 inch 

galvanized steel gravity pipeline, via Reuter Canyon, through a series of 

pressure reducing valves (PRV) to the treatment unit. The PRV's keep 

the pressure within design limitations of the pipeline and within design 

rates of the filter. The PRV's reduce the pressures created by the 

elevation head from a range 130 to 180 psi down to a range of 50 to 80 

psi. Figure 11-1 shows the layout of the system and Figure 11-4 illustrates 

the hydraulic profile. 

The buried transmission pipelines could only be observed in the access 

manholes for the air relief and the pressure reducing valves. A section 

of galvanized iron pipe in Reuter Canyon appears to have been torn out 

by past construction. Whether or not this construction was for repair is 

unknown. Frequent repairs by Vista West have not been necessary, 

indicating that the pipeline is performing well. 

A Forest Service employee believes there are numerous leaks in the 

Reuter Canyon pipeline. Based on the flow rate into the 70,000 gallon 

tank, the hydraulic calculations indicate insufficient head loss (due to flow 

in the pipeline) to account for the elevation difference. If there are leaks, 

a higher flow velocity, and thus higher head losses, would be present in 

the pipeline. 

Water pipelines are subject to some deterioration during the life of the 

pipe. Deterioration of pipelines comes in two forms, interior corrosion by 
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the material it is carrying and exterior corrosion by the soil in which it is 

buried. The pipeline was observed in the access manholes to have a 

bituminous coating to protect it from external corrosion. With this 

coating, one would expect minimal exterior corrosion. The soils present 

in the Vista West area are not believed to be highly corrosive. 

The internal corrosion rate depends on the characteristics of the water 

and the material of the pipe. The American Water Works Association 

(AWWA) Research Foundation document titled II Internal Corrosion of 

Water Distribution Systems" states: 

"Perhaps the best way to prevent excessive corrosion of 
galvanized material is to avoid using it in water supplies that 
will attack it. At the present time insufficient information is 
available to make this judgement. II 

A comparison was made between Vista West's raw water characteristics 

in Table 11-3, with those in Table 11-4 taken from the AWWA II I nternal 

Corrosion of Water Distribution Systems. II This comparison shows Vista 

West's water is similar to the Owens River. Using these corrosion rates, 

in mils/year, for galvanized iron and black iron of 2.5 and 6.4, 

respectively, and assuming a galvanizing coating thickness of 3 mils and 

iron pipe wall thickness of 1/8 inch, one can estimate the life of the pipe. 

Calculating the life of the pipeline with these rates and assumed 

thicknesses, the pipeline would have a 21 year life. The pipeline was 

completed in 1971. This estimation indicates the pipeline to be at the 

end of its life. 

This is very circumstantial information. The actual condition of the 

pipeline needs to be determined if it is to remain in service. This would 

11-14 



mean digging up the pipeline in various locations and taking samples for 

analysis. 

TABLE 11-3 

VISTA WEST WATER CHARACTERISTICS 

Total alkalinity as CaC03, ppm 120 

pH (units) 8.37 

Temperature of water °C 19 

Hardness; Ca/Mg as C, ppm 130 

Total dissolved solids, ppm 168 

Langlier Index 0.58 
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TABLE II-4 

Relative Corrosion Rates of Galvanize Iron and Black Iron in Several U.S. Water Supplies 

(Fr01l INTERNAL CORROSION OF WATER DISTRIBUTION SYSTEMS AWWA Research Foundation, Copyright 1985.) 
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STORAGE 

Vista West's water is stored in two buried reinforced concrete tanks. 

Raw water is stored in a 50,000 gallon tank above Reuter Canyon. 

Treated water is stored in a 70,000 gallon tank above Vista West. 

50.000 Gallon Raw Water Storage 

Pumped raw water from the collection galley in Ogden Canyon is stored 

in a thirty foot diameter 50,000 gallon tank at an elevation of 6320. 

Water was supplied from this tank to the system through a notch in a 

standpipe. During the course of this study, modifications by Vista West 

were made by removing the top one foot of the standpipe. Figure 11-5 

shows the tank and piping. 

The valve at the bottom of the tank, which directly feeds the system is 

usually kept closed. To supply the system, the level in the tank must be 

above the standpipe. Water is wasted into a stock tank when the level in 

the 50,000 gallon tank reaches the overflow drain standpipe, about a 

foot above the system overflow standpipe. The modification to the 

standpipe seems to have increased the transmission capacity to Vista 

West. 

The tank is operated by Vista West this way to keep backup storage in 

the upper tank in case of power outages. On occasion the first 

indication of trouble is loss of pressure in the water system when the 

lower tank runs dry. This allows the operators time to repair the problem 

and to supply water by opening the closed bottom valve. 
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This method of operation uses only a foot of live storage. The remaining 

storage is dead storage. This dead storage would tend to be stagnant 

and susceptible to freezing. Stagnant water promotes growth of 

organisms that later need to be treated. Opening the bottom valve 

would combat stagnation by using the full storage capacity of the tank. 

The interior of the 50,000 gallon concrete tank appears to be in good 

condition and displays little sign of deterioration. The standpipes and 

ladders are covered with rust. These metal surfaces should be sanded 

and painted. 

This tank is buried approximately two feet. The fill above it supports a 

growth of small pine trees. These trees can damage the tank by root 

growth as the trees become larger and should be removed. 

The tank has been known to have a layer of red silty deposits on the 

bottom. These deposits make it necessary for periodical draining and 

cleaning. This also indicates that silt is being taken in by the collection 

unit. 

The 50,000 gallon tank is also remote. The remoteness denies easy and 

timely access if problems are encountered during the winter months. 

This tank has been vandalized in the past. Padlocks are now installed. 
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70.000 Gallon Finished Water Storage 

Treated water is stored in a 34 foot diameter, 70,000 gallon tank on a hill 

just above Vista West, at an elevation of about 5490. The location of the 

tank is shown on Figure 11-1, earlier in this chapter. Treated water fills 

the 70,000 gallon buried concrete tank at rate of approximately 42.5 

gpm. This rate was calculated based on the rise measured in the tank 

by the operator during a half hour of filling, with supply to the distribution 

system shut oft. Water is supplied by gravity to the distribution system. 

The flow is metered in the filter building as it is supplied to the system. 

The 70,000 gallon tank appears to be in good condition except for the 

concrete around the access manhole, which exhibits scaling--signs of 

damage by freeze-thaw cycles. The access is a sheet metal cap that 

loosely fits over the entire manhole. Frost forms between the concrete 

and the sheet metal; attacking the concrete. The concrete should be 

repaired. A different style cover should be designed as part of the repair 

and should include a frost barrier. 

Since the pumping is controlled by a timer and flow is not regulated by 

control valves between the tanks, water is wasted through the overflows 

when the tanks are full and demand is low. During the summer months, 

Vista West experiences water shortages, completely draining the tank. 

An inspection of the tank was conducted during an evening lawn 

watering period. The water level was about four feet from the bottom of 

the tank. Air was bubbling up from the system supply pipe. The 

possible source of this air is believed to be Reuter Campground, since it 

is the highest tap in the system. 
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Rangers with the Forest Service indicate that water pressure is lost at the 

campground when Vista West begins their afternoon watering. At higher 

flows, system pressures are reduced. The campground is very close in 

elevation to the bottom of the 70,000 gallon tank. A hydraulic analysis 

indicated pressure at the campground could reach as low as 

2 psi when high flows are entering the Vista West system. 

Two pounds of pressure is only five feet of head. The elevation 

information used in the hydraulic analysis was off USGS topographic 

maps with 20 foot contour intervals. A five foot or larger difference in 

estimating elevation could easily occur. Therefore, it is very likely that a 

negative (suction) pressure could exist at the campground during 

periods of high flow. 

It is thought that air may be "back-siphoning" into the system via the 

hydrants at Reuter Campground. This situation poses a serious threat of 

contamination by cross connection. Back flow prevention devices and 

possibly booster pumps should be installed on the campground supply 

lines. 

TREATMENT 

The treatment unit consists of filtration with pre-chlorination. Household 

chlorine bleach is the method of disinfection. It is introduced into the 

water supply by a feeder pump. The amount of chlorine added is 

manually adjusted to get acceptable residuals in the distribution system. 

Filtration is performed by a pressure filter, which is backwashed as 

deemed necessary by the operator. The filter unit is a five foot diameter 
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steel tank, similar to those used in swimming pools. It operates at a rate 

of 2.2 gallons per minute per square foot (gpmjW) area of filter media. 

This is within the 2-5 gpmjft2 recommended range for filtration with this 

kind of equipment. 

The pressure filter tank housing and piping are severely covered with 

rust. The filter media has never been changed during the private 

ownership of the system. The effectiveness of the pressure filter, though 

it is backwashed often (approximately every other day), is questionable. 

This effectiveness is suspect, especially during spring runoff, since it is 

not preceded by chemical addition, coagulation, flocculation and settling. 

Chemical coagulation, flocculation and settling typically precedes rapid 

filters in modern treatment plants. 

Pressure filters are not usually recommended in potable water 

applications, due to the inability of the operator to observe filtering and 

backwashing. Because of this, pressure filters are restricted in many 

states. 

Most pressure meters throughout the treatment system are not working. 

The one working meter preceding the filter read 80 psi when observed in 

August of 1991. Based on the fill rate at the tank, our hydraulic analysis 

shows this to be a reasonable value. However, given the elevation drop 

between the last known PRV and the filter house, one would expect a 

higher pressure. This indicates either a third PRV (location unknown); 

severe pipeline restrictions; or higher flows through much of the pipeline, 

coupled with leaks to reduce the delivered flow. 
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DISTRIBUTION 

The distribution system consists of approximately 3800 feet of 6 inch 

cast iron pipe and 12 fire hydrants. A line extends north to the Forest 

Service's Reuter Campground. No drawings were available indicating 

the size, length, or location of this line. Five yard hydrants are fed by 

this line. The 70,000 gallon tank feeds the system by gravity. The total 

system flow in the 6 inch line from the tank to the distribution system is 

metered in the filter housing building. Records of total use have only 

been kept since September of 1990. Hourly use records are not kept. 

Normal operating pressures in distribution systems should be greater 

than 35 psi. A minimum pressure of 20 psi should be maintained during 

any circumstance, including fire flows. A computer network analysis was 

performed using different scenarios. This network analysis indicates that 

pressures are between 60 and 100 psi at most times. These pressures 

require the use of pressure reducing valves at individual taps. (See 

KYPIPE analysis in Appendix B). A fire flow of 500 gpm at the far 

reaches of the system could lower the pressures below the 

recommended 20 psi minimum. Depending on the location of a 500 

gpm fire demand, pressures could be below 2 psi. 

The Wyoming DEQ requires a minimum of 6 inch lines on loops with fire 

hydrants and dead end runs shorter than 250 feet. Eight inch is required 

on dead end runs greater than 250 feet. Looping is recommended to 

increase flows. The line feeding the cul-de-sac in Block 3 is only a 6 

inch pipe and approximately 620 feet long. Re-sizing this line to 8 inch 

pipe does not significantly improve flow characteristics. 
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Analysis shows that adding a fire bypass, as previously suggested, 

would only increase flows slightly. Adding this bypass would also 

increase chances of contamination of the system by untreated water. 

Adding a new line creating a second loop would greatly enhance flow 

hydraulics. The approximate alignment is shown in Figure 11-6. It would 

take about 1200 feet of new pipeline. This line would also supply the 

vacant lots on the north side of Block 2; allowing future development. 

A 3 inch pipe fills the 70,000 gallon tank from the filter house. A 

separate 6 inch line supplies the distribution system. On many systems 

the tanks are filled on the same line that supplies the distribution system. 

This allows the system pressure to '1loatll on the level in the tank. 

Connecting the effluent line from the filter to the distribution system 

would allow for this '110atll, increase flow capacity and allow for cleaning 

of the tank. A possible reason for the existing piping configuration may 

have been to allow for chlorine contact time in the tank. None of the 

The distribution system piping was not examined, but is assumed to be 

in relatively good condition. From the water analysis shown in Table 11-3, 

corrosivity characteristics on cast iron can be determined by indices. 

The indices are the Langlier index and the Aggressive index. The 

Langlier index is 0.58 as shown. The Aggressive index, calculated as 

the pH + 10g[Alk] + log[Ca+2
], is 12.56. A Langlier index greater than 

0.0 and "an Aggressive index greater than 12 indicate non-aggressive 

waters in most cases. 
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The valves in the distribution system are not in good working condition 

and need replacement. One fire hydrant does not work and one is 

questionable. These hydrants should be replaced. The curb stops for 

individual taps are believed to be inoperable. 

SUMMARY 

Several shortcomings of the system were observed and are outlined 

below: 

Sanitary conditions at the source are poor. This includes the 

collection pipe manhole and the pump house. 

Inefficient use of the pump and raw water storage leads to 

significant water waste. 

The interior metal surfaces at the 50,000 gallon -tank are covered 

with rust. Trees are growing in the cover soil over the tank. 

The filter housing is severely corroded. Filter media has never 

been inspected or cleaned. Backwashing of the filter is performed 

on a periodic basis, and not on a performance basis. Chlorine is 

provided by liquid bleach; a highly diluted form. 

Distribution system_ components such as valves and fire hydrants 

are in questionable condition. Air enters the system from some 

source, believed to be Reuter Campground. The campground 

experiences complete loss of pressure on a regular basis. 
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RECOMMENDED INTERIM MEASURES 

Listed below are several low cost/no cost measures that can be taken to 

improve the operating safety and efficiency of the system. 

There is 45,000 gallons of dead storage available at the raw water 

storage tank. (By cutting the height of the system overflow, one 

foot of available depth or 5000 gallons of storage was lost at the 

50,000 gallon tank). Opening the bottom valve would more. 

efficiently use this storage and would combat stagnation. 

Regulating the flow by installing a float valve at the 70,000 gallon 

tank would more effectively meet demand. The float valve should 

keep the 70,000 gallon tank full, affording some time to make 

repairs. The float valve could be installed for·about $2000. 

The interior metal surfaces at the 50,000 gallon tank should be 

sanded and painted. The trees growing in the cover soil should 

be removed to prevent damage to the tank. 

Water conservation measures, such as watering on alternate days 

for half the residences, would lower the peak use. A lower peak 

would keep the draw down in the 70,000 gallon tank to a 

minimum. 

A grant from the Farm Loan Board has been received to install 

individual meters at Vista West. Installing these meters can point 

to possible areas of waste or losses. Inoperable curb stops 

should be replaced at the same time these meters are installed. 

Back flow prevention devices and possibly booster pumps should 

be installed on the Reuter Campground supply line. 
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The filter media should be inspected, cleaned, and/or replaced. A 

qualified contractor should be retained to perform this work. 

Replacement of inoperable pressure meters at the filter is 

recommended to aid in the operation and maintenance of the 

system. Backwashing should be done when these pressure 

meters indicate a high head loss due to clogging of the filter. 

After backwashing, filtering to waste for a period of time before 

putting the filter back into use is recommended. This would wash 

remaining contaminants from the filter. 

The household bleach, presently being used for disinfection, has 

only a 5 to 15 percent concentration of chlorine, whereas granular 

dry chlorine contains 65 percent chlorine. We recommend using 

the higher concentrated dry form of chlorine, which is a more 

economical and efficient method of disinfection. 

Fire hydrants and valves that are inoperable should be replaced. 

A" fire hydrants and valves should be inspected and exercised 

regularly to assure good working condition. 
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CHAPTER III 

SERVICE AREA DESCRIPTION 

AND WATER DEMAND 

SERVICE AREA DESCRIPTION 

The service area includes the Vista West No. 1 subdivision and Reuter 

Campground. (See Figure 1-2 the Distribution System Map and Figure 11-

1 System map). Water use by Vista West is mainly domestic and lawn 

irrigation. The estimated number of taps is 43. Reuter Campground 

water use is by five yard hydrants located throughout the campground. 

Use at the campground is considered very minimal, "'Compared to Vista 

West. 

PRESENT POPULATION 

According to the Wyoming Department of Administration and Fiscal 

Control (DAFC), Vista West's 1990 census population was 89. For the 

census count, counties are broken into numbered blocks. Crook County 

block numbers 253 and 254 are designated to Vista West. From the 

county census maps, block number 253 accounts for Block 1, Vista 

West No.1; and block number 254 for Blocks 2 and 3. 

Teen Challenge is located on Block 1. The 1990 census count for this 

block is 19. According to the director of Teen Challenge, present 

enrollment is 45 with an additional 15 expected by 1992. Teen 

Challenge occupies 9 lots of the 27 lots of Block 1. The buildings 

consist of two dormitories, a dining hall, two offices, a gymnasium, and 
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three shop buildings. One private residence also occupies Block 1. 

Recently a mobile home was erected for staff members of Teen 

Challenge. 

The count for the remainder of Vista West, Crook County block 254, is 

70. The number of associated houses is 33. This would be an average 

density of 2. 12 persons per house. DAFC estimates 2.03 persons per 

housing unit for Crook County. At the time of this study another mobile 

home was being erected on Block 3 for Teen Challenge staff. 

The 1980 census information for unincorporated areas is not available at 

the block level. Since Vista West was developed in the late 1970's, 

population growth due to new settlement probably would not have 

stabilized by 1980. 

In the census data, Crook County block 252 was also associated with 

Vista West. It had a high number of persons below the age of eighteen. 

This made us believe this was the block containing Teen Challenge. 

This was not so. From the census maps, block 252 refers to several 

areas around Vista West one of them being Reuter Campground. The 

possibility also exists that the residents of Teen Challenge were counted 

at their primary residence instead of Vista West. Because of this 

inconsistency, the accuracy of the block level data for Vista West is 

questionable. 

FUTURE POPULATION 

The future population is somewhat difficult to predict. Crook County, as 

did the whole of Wyoming saw a decline in population from 1980 to 

1990. Population growth is affected by many economic and social 

111-2 



factors. Crook County's economic base is in agriculture, mining and 

tourism. Agriculture employment is forecasted to decline whereas mining 

is predicted to remain stable. 

Several methods of predicting population are available using past trends. 

Since previous historical population for Vista West is unavailable and 

probably not significant, these prediction methods are not practical. 

DAFC projects Crook County and the state of Wyoming to grow at 

0.76SOk for the period of 1991 to 2001 and 0.83% for the period of 

2001 to 2011. 

Any growth is expected to be limited to within the boundaries of the 

platted area. Future population at Vista West is assumed to approach a 

limit within the present platted area. Expansion beyond the platted area 

onto Forest Service and private lands is not expected. 

According to the director, the capacity of Teen Challenge without further 

expansion is estimated to be 100 students and staff. Major building 

expansion is not expected in the near future. 

There are seventy-seven lots in the Vista West No.1 subdivision. As 

discussed above nine of these lots are non-residential Teen Challenge 

buildings. Assuming the present density of 2.12 persons per house and 

assuming all remaining 68 lots are occupied, the remainder of Vista West 

could conceivably support 144 persons. Including Teen Challenge 

capacity, total population at Vista West could reach 244 persons. 

Teen Challenge enrollment can vary greatly within a short time. The rest 

of Vista West is expected to follow a more uniform growth pattern. To 

project the population in twenty years, we used a one percent population 

growth rate. This prOjected population in 2011 is 160 persons. Vista 
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West's population counts and estimates are summarized in Table 111-1 at 

the end of this chapter. 

PRESENT WATER USE 

A history of typical use for Vista West is unavailable. A meter was 

installed in September 1990 to measure total consumption. The meter is 

read periodically noting the date, time and cumulative gallons used. The 

rate of water use is usually measured, at the same time. This rate is 

measured by reading gallons used during a timed interval. Estimates 

made from meter readings suggest a present average daily use of about 

25,000 gallons per day and a maximum day of 68,000 gallons per day. 

A flow of 200 gallons per minute was measured by the operator during a 

period he felt was a peak water use time. This was used as peak hour 

flow in this report. 

Figure 111-1 shows the average daily consumption during the period of 

record. The meter was inoperable from July 12 to July 18, 1991. 

Therefore, use for this period was estimated. The spring of 1991 had 

unusually high precipitation. The typical increase in use for lawns and 

gardens may have begun later than usual. This graph only shows the 

recorded consumption for the past 11 months. However, the seasonal 

variation of use is apparent. 

It is assumed that Teen Challenge uses 75 gallons per capita day 

(gpcd), typical for boarding type schools. Teen Challenge's present 

policy is not to water the native "Buffalo" grass. The present director 

does not expect this policy to change. This policy would support the 

assumption that less water per person is used by Teen Challenge than 

other users. 
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Since there are no individual meter readings to show how water is being 

used, demand for the remainder of Vista West was calculated by 

subtracting estimated Teen Challenge consumption from total use. This 

calculation shows an average day per capita use of 300 gallons and 

peak day per capita use of 900 gallons by non-Teen Challenge users. 

As a comparison, average daily water use, according to town officials in 

nearby Sundance, is 150 gpcd. On an average summer day, Sundance 

uses about 400 gpcd. Vista West's water usage is unmetered, whereas 

Sundance's is metered. Typically, use in an unmetered water district is 

usually higher than a metered district. 

Vista West's consumption is comparatively high. This may be partially 

attributable to the low density population. Other and more likely reasons 

for the high water consumption are waste due to careless water use 

habits or loss due to leakage. An example of careless water use is 

unattended lawn watering. Leakage may be distribution line leaks or 

faucet drips. Installation of meters on the individual taps may point to 

these areas of waste or loss. 
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Vista West 
Block No. 

1 (DAFC 253) 
Teen Challenge 

2 & 3 (DAFC 254) 

Totals 

TABLE 111-1 

POPULATION SUMMARY 

1990 Present 
Census Population 

19 45 

ZQ IQ 

89 115 
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Est. Future 
Population 

74 ((45+ 15)X1.0120) 

00 (70X1.01 2O) 

160 
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GENERAL 

CHAPTER IV 

DESIGN CRITERIA 

The present system has a capacity of about 61,000 gallons per day 

(0.0947 cfs). Ideally the system should supply the expected capacity of 

the limits of Vista West Subdivision. Realistically designing for a 

projected growth over the life of a project may be more appropriate. 

This would allow for replacement of worn out components and allow the 

system to take advantage of new technology in the future. The 20 year 

projected growth is used in this study's analysis. 

FUTURE DEMAND 

Future demand is estimated by projecting the future population and 

multiplying by the estimated per capita water use. Sometimes present 

rates are increased slightly to estimate future increase in demand as 

population grows. 

Vista West has received a grant to install meters on individual taps. This 

could lead to billing by usage instead of the present flat rate per tap 

method now in use. This would tend to keep use·down and offset any 

demand increases associated with population growth. It is highly 

recommend that Vista West install meters and complete a rate study. 

This should bring Vista West's future demand more in line with those of 

Sundance. 
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Assuming Vista West installs meters and implements rate billing, lower 

future per capita demand rates should be expected. For the design 

period, demands slightly higher than Sundance's were used. The per 

capita demands were estimated as 200 gallons on an average day and 

500 gallons on a maximum day. Multiplying the projected population by 

these estimated per capita rates, future demand is expected to be 

32,000 gallons and 80,000 gallons respectively, for average day and 

maximum day. 

FIRE PROTECTION 

A water supply system has an influence on fire protection and fire 

insurance rates within in its service area. In any study of existing or 

proposed water systems, fire protection should be given high priority. 

Criteria for the rating of fire protection systems are set forth by Insurance 

Services Office (ISO). A fire protection system is given credit points 

where that system matches a set of standards. These' credit points are 

based on three features. These features are: 1) receiving and handling 

of fire alarms; 2) fire department; and 3) water supply. 

The Insurance Services Office relates the degree of protection afforded 

an area to a classification. Classifications vary from 1 (excellent) to 10 

(less than minimum). Vista West currently has a class rating of 7. Vista 

West receives its rating by the Suburban Protection Rule. This rule refers 

to c'ommunities within five. miles of an ISO rated system of 1 to 8. If 

served by all weather roads, these communities can be rated as high as 

that system. Vista West is within five miles of Sundance, which has a 

class rating of 7. 
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The level of protection afforded a community is a balance between 

savings in insurance premiums and the costs for providing a sufficient 

amount of equipment and services to provide the classifications resulting 

in a reduction in fire insurance rates. Experience shows that most 

communities cannot afford all the water facilities, fire equipment and 

labor to receive low insurance ratings. Since Vista West is under the 

Suburban Protection Rule, it is unlikely it would increase its class rating 

by improving its water supply. 

Fire Flows 

Although insurance ratings would not be improved, attempts should be 

made to provide minimum fire flows. Fire flows were determined using 

two rating systems. The first is the Insurance Services Office (ISO) "Fire 

Suppression Rating Schedule" for determining needed fire flows and 

duration. ISO provides a formula for estimating fire flows based on 

construction type, occupancy and size of a building. The formula is as 

follows: 

Q-(O.04C/A) 

where Q is gallons per minute, C is a constant depending on type of 

construction and A is the area in square feet of the building for all 

stories. A minimum flow of 500 gpm is required. Fire flows, using ISO 

guidelines, required by the larger Teen Challenge buildings are 1000 to 

1250 gallons per minute. ISO recommends that fire flows are maintained 

for a 2 hour duration. 
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The American Insurance Association recommends a formula for 

determining fire flows based on population. This formula is listed below: 

Q-1 020[P(1-0.01 ff1 

where P = thousands of people. This equates to less than the minimum 

required 500 gpm, using Vista West's design population. 

Realistically Vista West's system should supply the minimum 500 gallons 

per minute. As discussed earlier in Chapter II, the minimum pressures 

should remain above 20 psi during fire flows. These requirements were 

used in the analysis in Chapter II to evaluate the system and make 

recommendations. 

REQUIRED STORAGE 

The storage required is such that the maximum day de'mand can be met 

in addition to the amount required for fire flows. Typically the storage to 

meet the maximum daily demand is 15 to 30 percent of maximum daily 

demand. Using an assumed typical hourly demand (because of a lack 

of hourly records), the required storage for maximum day can be 

estimated. 

To estimate the required storage to meet maximum day, the cumulative 

hourly demand is plotted. -A 24 hour pumping curve is superimposed on 

the demand plot as shown in Figure IV -1. Tangents are constructed 

parallel to the pumping curve at the points shown. The required storage, 

which is the ordinate difference between the tangent lines, is 26, 000 

gallons. Adding this to the 60,000 gallons required fire storage (500 

gpm times 2 hours), the necessary total storage is 86,000 gallons. 
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The present finished water storage volume is 70,000 gallons. This 

provides about eighty per cent of the required storage to meet maximum 

day and fire flow, which is fairly good when compared to most small 

communities. As presented above, most communities cannot afford to 

provide all required water facilities. This would be the case for Vista 

West in providing addition required storage. No additional storage was 

anticipated in any of the alternatives discussed in the next chapter; 

although clearwells could be added to a treatment plant, if built. 
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INTRODUCTION 

CHAPTER V 

QUALITY REQUIREMENTS 

Water quality is an area of increasing concern. The Wyoming 

Department of Environmental Quality (DEQ) has extensive Rules and 

Regulations on the construction and operation of water systems. The 

Safe Drinking Water Act (SDWA) defines quality parameters of potable 

water supplied by community water systems. Wyoming does not have 

primacy in administering the SDWA. The EPA administers the SDWA in 

Wyoming. 

The DEQ regulations would have the most impact on how a system is 

built and maintained. This chapter deals primarily with water quality and 

the means to achieve acceptable treatment levels. Therefore, most of 

the discussion centers on the federal regulations. 

REGULATIONS 

The Safe Drinking Water Act was first established in 1974 to regulate all 

public water systems. A public water system has 15 or more service 

connections or serves at least 25 people for 60 or more days per year. 

Additional drinking water quality regulations are being implemented with 

the 1986 amendments to the SDWA. Though Vista West's system is 

small, according to the SDWA they are considered a public water system 

and must comply with the pertinent regulations. 
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Under the 1974 SDWA, EPA was required to set minimum standards for 

drinking water. These are referred as the National Interim Primary 

Drinking Water Regulations. Table V-1 lists the regulated contaminants. 

The EPA was also required to set up secondary drinking water standards 

referring to the aesthetic quality of drinking water. These are known as 

secondary maximum contaminant levels. 

The 1986 amendments to the SDWA made new regulations and gave 

time periods for implementing these regulations. Maximum contaminant 

levels (MCl) and maximum contaminant level goals (MClG's) were 

established for 83 contaminants. MCl's and MClG's are to be 

established for 25 contaminants from the priority list. Rules for 

addressing when treatment is required for public systems using surface 

water sources are to be set. Disinfection is to be required of all public 

water supplies. 

POTENTIAL CONTAMINANTS 

The following sections discuss potential contaminants that are regulated 

by the EPA. The risk of the contaminants to Vista West is also 

discussed. 

Organic Chemicals 

Organic chemicals are compounds in which carbon and hydrogen have 

become combined in various arrangements. The vast majority of organic 

compounds found in water sources today, are man made. The existing 

source for Vista West is in a relatively undeveloped area, and the 
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vulnerability of it to contamination by organic compounds is relatively 

low. 

The Reuter Canyon groundwater site is in a similar relatively 

undeveloped area, with relatively low vulnerability. The Madison 

Formation is a deep aquifer covering a very extensive area. Recharge 

areas that may be close to surface contamination sources are a 

considerable distance from the Vista West area. 

Inorganic Chemicals 

Inorganic chemicals are compounds that cannot be synthesized in the 

laboratory. Inorganic chemicals include natural occurring base elements 

and compounds. 

The presence and level of inorganic chemicals found in a water supply is 

most often determined by the geologic conditions in the area of the 

water source. The area around Vista West has been explored for'a 

variety of minerals. The extent, if any, that these minerals may be 

present in the water should be monitored. 

Nitrates and nitrites are a concern in many areas. However, their 

presence most often is the result of improper human waste disposal, 

animal wastes from concentrated confinements, and over utilization of 

nitrogen fertilizers. The absence of these elements in the Vista West 

water source areas, lowers the risk from nitrates and nitrites. 
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Contaminant 

Organics 

2,4-0 
Endrin 
Lindane 
Methoxychlor 
Toxaphene 
2,4,5-TP (Silvex) 
Trihalomethanes 

Inorganics 

Arsenic 
Barium 
Cadmium 
Chromium 
Fluoride 
Lead 
Mercury 
Nitrate (as N) 
Selenium 
Silver 

Radionuclides 

TABLE V-1 

Beta particle and photon radioactivity 
Grl"\s~ ..,I""ho:l partil"'lo act· I' 'Ity U .;;) (.A"I""'"..... I ~I~IV 1/ 

Radium-226 plus radium-228 

Microbials 

MCl 
mg/I* 

0.1 
0.0002 
0.0004 
0.1 
0.005 
0.01 
0.10 

0.05 
1.0 
0.01 
0.05 
1.4-2.4 
0.05 
0.002 

10 
0.01 
0.05 

4.0 mrem 
15.0 pCijl 
5.0 pCijl 

Coliforms < 1/100 ml 
Turbidity 1 NTU 

* mg/ I - milligrams per liter, or IIparts per millionll
; for example, .1 

mg/ I equates to a contaminant concentration equal to 
one tenth of a gallon of contaminant in 1 million gallons 
of water. 
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One inorganic compound of concern to Vista West is Cadmium. 

Cadmium in water supplies can come from zinc-galvanized iron. Vista 

West's water supply pipeline is galvanized iron. During the construction 

era of many of the homes, galvanized pipe was also in widespread use 

for building construction. 

Microbiological Parameters 

Turbidity, Giardia lamblia, and viruses are normally associated with 

surface water supplies. Turbidity and total coliforms have been 

traditionally used as indicators of microbiological quality of a water 

supply, either surface or groundwater. Giardia lamblia and viral 

contaminant levels have been added with the 1986 amendments. As 

such, the recommended maximum contaminant levels for the organisms 

have been set to zero either because the organism is a pathogen or an 

indicator of pathogens and should not be present in drinking water. 

Listed below are the RMCLs proposed for the four microbiological

factors. 

Contaminant 

Total coliforms 
Turbidity 
Giardia lamblia 
Viruses 

Proposed RMCL 
mgjl 

o 
0.1 NTU 
o 
o 

Total coliforms are normally controlled by chlorination. Turbidity, 

Giardia lamblia, and viruses are typically removed from drinking water 

supplies by filtration. 
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Radionuclides 

Radionuclides are typically the result of the presence of naturally 

occurring radioactive elements in the ground. Uranium exploration has 

occurred in the Bear Lodge Mountain region. The extent, if any, that 

radionuclides may be present in the water should be monitored. 

MONITORING REQUIREMENTS 

Prior to 1986, the EPA regulations required that inorganic chemicals be 

monitored every three years for water systems using groundwater 

sources. Radionuclides were to be monitored every four years. 

The 1986 amendments to the Safe Drinking Water Act propose to 

increase the monitoring frequency to annually for nitrates because of 

concern for its acute health effect. In 1987, quarterly sampling (for one 

year) of volatile organics was instituted. Repeat samplfng for volatile 

organics depends of the detection of any volatile and the results of a 

vulnerability assessment of the water system. 

Monitoring for the approximately 110 contaminants other than those for 

which EPA has set MCLs is required by the Safe Drinking Water Act 

amendments of 1986. The EPA proposes to establish two priority lists of 

contaminants. Monitoring for the 29 priority # 1 contaminants is 

dependant upon a Department of Health vulnerability assessment. 

Monitoring for the 84 priority #2 contaminants is at the determination of 

the EPA. 
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CHLORINATION 

The addition of chlorine to a water system has two basic functions: to kill 

microbiological growth known to exist in the source of supply; and to 

maintain a residual amount of chlorine to kill any organisms that may 

gain entrance to the water system. 

Surface water source 

The first chlorination function, to kill organisms already known to occur in 

the supply, is typically associated with water systems that use surface 

water as a source of supply. Surface water contains many natural 

occurring organisms that are potential sources for disease in humans. 

Disinfection, in the form of chlorination, is performed as part of the 

treatment process for surface waters. To insure that all organisms are 

destroyed, a specific concentration of chlorine is applied over a given 

period. This combination of chlorine concentration and time is referred 

to as contact time. Sufficiently long contact times (typically 30 minutes 

or longer) are required to insure total eradication of organisms. 

The second function, to maintain a chlorine residual in the system, is 

intended to be a safeguard against any micro-organisms that may enter 

the water system. The residual chlorine begins to kill the organisms 

when they come in contact with the water supply. 
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The most common path for micro-organisms entering the water system 

is through cross-connections between non-potable water sources 

(sanitary sewers, storm sewers, stock tanks, tank truck filling operations, 

fertilizer tank, etc.) and the water system. These cross-connections do 

not have to be direct, physical connections between the non-potable 

source and the water system. A garden hose lying in the bottom of a 

stock tank (or fertilizer tank) while filling, can take water from the tank 

into the system should the system pressure be lost. 

Many communities are passing ordinances designed to address the 

cross-connection problem. The ordinances work in conjunction with 

plumbing code enforcement to insure that the water system is protected 

from those activities placing the water system at risk of contamination. 

Examples of typical methods of protection are listed below: 

* 

* 

* 

check valves at meter installations for individual residences, 

vacuum breakers installed on lawn irrigation systems, 

reduced pressure backflow preventers on industrial water 
services. 

The cross-connection program requires a continuing effort from the 

water utility to insure that the system is properly protected. Backflow 

prevention devices must be periodically inspected to insure that they are 

working properly. Water utility personnel must be on constant alert to 

identify potential sources of risk to the system. 
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Some type of disinfection is required for all surface water sources, with 

chlorination being the most common method for this disinfection. As 

discussed above, surface waters are expected initially to contain 

undesirable organisms from the stand point of a potable water supply. 

These initial organisms are destroyed using the appropriate chlorine 

strength over a corresponding time frame (contact time). This 

chlorination typically occurs after the water has been filtered and prior to 

entering the distribution system. Once the initial disinfection is 

accomplished, it is a simple matter of maintaining sufficient chlorine 

injection to maintain the chlorine residual in the distribution system. 

Groundwater source 

Groundwater sources do not share the same disinfection requirements 

as surface water sources. Groundwater does not normally contain any 

harmful organisms as it comes from the ground. Communities with 

groundwater sources have been able to operate in the' past without 

contamination problems due to this fact and if the source is properly 

protected using proper construction practices, the intrusion of the 

organisms is unlikely unless system pressure is lost. 

The ability to perform standby or emergency chlorination of the water 

distribution system is desirable. If routine bacteriological sampling of the 

distribution system uncovers a contamination problem, the ability to 

quickly introduce chlorinejnto the system can limit the spread of the 

contamination. In the past, chlorine tablets or chlorine solution was 

placed in the storage tanks and allowed to circulate through the system. 

This practice is difficult to perform as large quantities of chlorine must be 

carried to the top of the storage tanks in order to pour the chlorine 

through the tank's hatch. 
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CHLORINATION RULINGS 

The concern over the proposed rule changes, with respect to 

chlorination, is whether communities using groundwater sources will be 

required to chlorinate and, if required to chlorinate, to what extent will 

they be required to chlorinate. The possibilities range from no 

chlorination required, to having the capability to chlorinate in emergency 

situations, to having to continuously chlorinate and maintain a chlorine 

residual. Another concern, ultimately associated with chlorination, is the 

determination of when does surface water become groundwater. 

Surface Water IGroundwater Determination 

"Groundwater Under the Direct Influence of Surface Water" means any 

water beneath the surface of the ground with (1) significant occurrence 

of insects or other macroorganisms, algae, or large-diameter pathogens 

such as Giardia lamblia, or (2) significant and relatively' rapid shifts in 

water characteristics such as turbidity, temperature, conductivity, or pH 

that closely correlate to climatological or surface water conditions. 

By 1995, every community water supply system will be examined to 

determine whether it is under the direct influence of surface water. 
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Chlorination Requirements 

At the present time there are no requirements for chlorination, either 

continuous or standby, for groundwater sources. As part of the 1986 

amendments to the Safe Drinking Water Act, the US EPA is proposing 

changes to the chlorination requirements. Currently these regulations 

are in the development stage. The proposed rulings are expected in 

September of 1991 with final rulings expected to be completed in the fall 

of 1992. Using this time schedule, a spring 1994 effective date of the 

regulations is anticipated. 

From a public health safety standpoint, the ability to chlorinate the water 

system in an emergency is a logical and desirable safeguard. Vista West 

has a history of demand exceeding supply, running the tank dry, and 

loosing pressure on the system. It is the pressure that provides the 

primary protection to the system against the introduction of micro

organisms. The ability to quickly add chlorine to the water system in 

these types of situations, provides assurances that any potential 

contaminates will be quickly eradicated, thus preserving perhaps the 

most vital service of a community; that of potable water. 

Continuous chlorination is generally practiced where the supply water is 

either contaminated or expected to be contaminated. As discussed 

above, a certain length of time for the chlorine to be in contact with the 

water is required. Often this time, generally referred to as "contact time", 

can be as long as 30 minutes. Vista West should have no problem 

meeting disinfection requirements, since it now chlorinates its surface 

water. If Vista West were to obtain a groundwater source the existing 

facilities could be used. Contact times could be obtained when it is 

stored. 
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SURFACE WATER TREATMENT REGULATIONS 

The Surface Water Treatment Rule (SWTR) covers all public community 

and non-community water systems that use surface water or 

groundwater under the direct influence of surface waters. Typically the 

states have the responsibility to determine whether or not a groundwater 

is under the direct influence of surface waters. Since Wyoming does not 

have primacy over water regulations, the EPA makes this determination. 

Surface waters and groundwater under the direct influence of surface 

waters are at risk to contamination by Giardia lamblia and other 

protozoa, viruses and pathogenic bacteria. These regulations cover 

filtration, disinfection, turbidity, viruses, Legionella and heterotrophic 

bacteria. 

The SWTR requires that all public water systems using surface water or 

groundwater under the direct influence of surface water must use 

filtration unless certain criteria are met. These criteria are: 

1) Coliform before treatment is below certain limits, 

2) Turbidity prior to disinfection is below 5 ntu, 

3) Disinfection must achieve 99.9% inactivation of Giardia cysts 

and 99.99% of viruses, 

4) Watershed management must be established and maintained, 

5) Annual on-site inspection must be conducted, 

6) Waterborne diseases outbreaks must be absent from the 

system, 

7) Comply with maximum contaminant level (MCl) for total 

coliform, and 

8) Compliance with the MCl for total trihalomethanes (THM). 
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The SWTR sets a zero contaminant level goal for Giardia lamblia, 

viruses, and Legionella. Treatment method effectiveness requirements 

are specified instead of MCl's for Giardia, viruses, HPC bacteria, 

Legionella, and turbidity. 

Turbidity requirements are discussed below. The residual disinfectant 

levels of treated water entering the distribution system must be at least 

0.2 mg/I. The SWTR also requires the states to set minimum 

qualifications for operators of surface water systems. 

Giardia lamblia 

Recent outbreaks of giardiasis is considered to be a- waterborne disease 

and has been attributable to Giardia lamblia, a parasitic protozoa. 

Surface water supplies are vulnerable to outbreaks because Giardia 

lamblia infects several species of animals, especially beavers, that 

inhabit waters upstream of water supplies. Giardiasis has many 

symptoms, of which the most common is diarrhea. The protozoa comes 

in two forms: a free-living and a cyst. The cyst form is the more resistant 

form and considered to be the infectious form. Treatment techniques for 

giardia removal are filtration followed by disinfection. 

TurbiditY 

Turbidity is a measure of suspended matter in the water. High turbidity 

interferes with the disinfection process by covering possible 

contaminants in the water. Turbidity must be below 1 TU following 

treatment for 95% of the samples taken, and at no time exceed 5 TU. 
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Under current EPA requirements for Vista west, if a turbidity sample 

exceeds 1 TU, they should take a check sample within one hour. Vista 

West must also calculate two day and monthly averages. If any of the 

two-day averages are greater than 5 TU, they must report to the EPA 

within 48 hours and notify the public. If the monthly average is more 

than 1 TU, they must report to EPA and the public. 

SURFACE WATER TREATMENT TECHNOLOGY 

Filtration is required in the treatment of surface waters unless certain 

conditions (discussed earlier) are met. The Surface Water Treatment 

Rule allows for several treatment methods. These methods are: 1) 

conventional treatment, 2) direct filtration, 3) slow sand filtration, 4) 

diatomaceous earth, and 5) alternate technologies such as package 

plants and cartridge filters. 

Conventional treatment includes: coagulation, flocculation, sedimentation, 

filtration and disinfection. Conventional treatment is not considered a 

good alternative for Vista West, because the process could be more 

effectively duplicated with a package plant, at less cost. Instead of 

complete design and construction of a plant, a package plant could be 

delivered on a flat bed truck and erected on site. Conventional treatment 

could require nearly full time operator supervision. The Wyoming DEQ 

requires level III operators to run these types of systems. 

Direct filtration is a process that includes filtration preceded by 

coagulation and possibly flocculation but without sedimentation. A 

chemical feed and an in-line mixer are available for this process. Use of 

pressure filters are not recommended for potable water systems, due to 

the inability of the operator to observe filtering and backwashing 
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operations. Therefore, it is not practical to add chemical feeds to the 

existing Vista West filtration plant. Wyoming DEQ does not provide 

regulations for this method of treatment, it would be necessary to have a 

pilot system to show its effectiveness. The Wyoming DEQ requires level 

III operators to run these types of systems. 

Slow sand filtration differs from other filtration not only by the loading 

rate, as its name indicates, but also in operation. Instead of 

backwashing, the top few inches of filter material is scraped off when 

head losses indicate the filter material is "fuW. This method of treatment 

requires minimal operator supervision. Because of the minimum 

supervision, it is a good treatment for small water systems. The 

Wyoming DEQ requires level II operators to run these types of systems. 

Diatomaceous earth filtration is a process where a layer of diatomaceous 

earth is deposited on a membrane. Raw water is filtered through this 

media. This method is not good for waters with high levels of turbidity. 

The Wyoming DEQ requires level II operators to run these types of 

systems. 

A package plant can be categorized as one of the other methods of 

treatment. These can be effectively used as treatment because of the 

cheaper costs over conventional treatment systems. These systems can 

require continuous monitoring by operators. 

Cartridge filters are filters _of ceramic, fiber or paper that strain 

contaminants. They require only occasional cleaning or replacement. 

These are not recommended in waters with high turbidity, because they 

tend to clog quickly. 
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System Water Quality Analysis 

The quality of Vista West's water supply is relatively good except for high 

turbidity levels in the spring. This occurs during runoff from snow melt. 

Turbidity levels are shown in Table V-2. 

Since Vista West water exceeded 1 TU on a monthly average during the 

month of May, the water was in violation of EPA Drinking Water 

Standards. This violation prompted EPA to rule Vista West's source as a 

surface source requiring treatment. 

Tests taken by Vista West, and reviewed by Baker & Associates, indicate 

that other than the turbidity, the water quality is good. No tests were 

conducted for Volatile Organic Compounds or Triha1omethanes, but 

these are not likely to be a problem with a mountain stream water 

source. The remaining water quality tests for parameters other than 

turbidity are summarized in tables V -3 through V -7. 

TABLE V-2. 

Monthly Average Finished Water Turbidity 

Vista West 

Month 

May 1990 

June 1990 

July 1990 

August 1990 

Sept. 1990 

Nov. 1990 

Jan. 1990 
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Monthly Average TU 

2.15 

0.58 

0.23 

0.27 

0.19 

0.17 

0.16 



TABLE V-3. 

Analysis May 11, 1987 

Cations 

Sodium 

Contaminant 

mgjl 

5.2 

Nitrate-N(N03 + N02 as N) 

Arsenic 

Barium 

Cadmium 

Chromium 

Lead 

Mercury 

Selenium 

Silver 

Anions 

Fluoride 

mgjl 

0.7 

EPA Standard FQund mgLI 

0.1 

0.05 <0.005 

1.0 <0.1 

0.01 <0.005 

0.05 <0.005 

0.05 <0.005 

0.002 <0.001 

0.01 <0.005 

0.05 <0.005 
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TABLE V-4. 

Analysis May 19, 1988 

Contaminant EPA Standard FQund, mg,L1 

Arsenic 0.05 <0.005 

Barium 1.0 <0.1 

Cadmium 0.01 <0.005 

Chromium 0.05 <0.005 

Lead 0.05 <0.005 

Mercury 0.002 <0.001 

Selenium 0.01 <0.005 

Silver 0.05 <0.005 

Sodium 4.6 

Nitrates - NOa + N02 as N 10.0 ppm 0.1 

Fluoride 0.48 

TABLE V-5. 

Analysis May 18, 1989 

Contaminant EPA Standard FQund mg,L1 

Arsenic 0.05 <0.005 

Barium 1.0 <0.1 

Cadmium 0.01 <0.005 

Chromium 0.05 <0.005 

Lead 0.05 <0.002 

Mercury 0.002 <0.001 

Selenium 0.01 <0.005 

Silver 0.05 <0.005 

Nitrates - NOa + N02 as N 10.0 ppm <0.2 

Fluoride 0.6 
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TABLE V-S. 

Analysis July 2S, 1990 

CQntaminant EPA Standard FQund mgtl 

Endrin 0.002 <0.0002 

Lindane 0.004 <0.004 

Methoxychlor 0.1 <0.1 

Silvex 0.01 <0.01 

Toxaphene 0.005 <0.005 

2,4-D 0.1 <0.1 
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CHAPTER VI 

ANALYSIS OF WATER SUPPLY ALTERNATIVES 

GENERAL 

Several possible alternatives were reviewed, and are discussed in this 

chapter. They include modifying the existing system; purchasing water 

from Sundance; drilling a Madison Formation well; and developing a 

tertiary formation well field in Reuter Canyon. The probable costs 

associated with each alternative are presented in the following chapter. 

One alternative, discussed prior to beginning this study, is to rehabilitate 

the existing source. This by itself is not a viable alternative. The existing 

source is an infiltration gallery, and under EPA regulations is considered 

surface water. 

Surface water cannot be used without filtration unless the water quality 

and basin protection criteria discussed in Chapter V are met. No amount 

of work to improve the infiltration gallery would change the determination 

that the water was surface water. Ogden Creek does not appear from a 

sharply identifiable spring that could be developed prior to the water 

"seeing the light of day". Rather, it develops from continual seeps and 

emerging underflow all along the upper canyon. 

A second alternative constdered prior to beginning this study was to drill 

a deep Tertiary formation well. This was based on anecdotal information 

from mineral drillers in the area. They commented that exploratory holes 

had to be abandoned due to excessive water intrusion into the bores. 
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Dr J. P. Gries of the South Dakota School of Mines, Rapid City, indicated 

that the odds of locating a year round production capacity deep well in 

the Tertiary Formations of Bear Lodge Mountain were hit and miss at 

best. He also noted that many of these exploration holes advance up to 

several thousand feet. 

All the options presented below have better chances of successfully 

obtaining sufficient water for Vista West. Therefore, the option of a deep 

Tertiary Formation well was not given any further consideration in this 

study. 
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ALTERNATIVE 1 - MODIFY EXISTING SYSTEM 

The present method of treatment is not acceptable by EPA nor Wyoming 

DEQ drinking water standards. Therefore, the only practical way to 

continue to use the existing source is by adding treatment. Two 

methods of treatment are discussed in this section, they are: a package 

water treatment plant and a slow sand filtration unit. 

For these methods to be viable, certain variables must be assessed. 

One variable is stream flow. Ogden Creek would have to supply 

acceptable quantities of flow during dry years. Stream flow observations 

by the Forest Service, taken below the Vista West diversion point 

indicate no flow in some years. These recordings were made by a 

former USFS employee. No indication is made if the stream was active 

at Vista West's diversion point at the time these "no flow" observations 

were made. 

The second variable is the galvanized pipeline. Is it in good condition, 

and will it last for the lifetime of the project? If not, how soon would it 

need replacement, and at what expense? The pipeline should be 

exposed at several locations, in different soils. Short pieces of pipe 

should be removed for analysis to estimate the pipelines condition. 

Along with either treatment method, several improvements to the existing 

system are required. These improvements are necessary for both 

methods, and are discussed first. 
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SOURCE 

Numerous improvements should be implemented at the source, and are 

treated separately below. 

Watershed 

The watershed above the collection unit is all National Forest Service 

land. However, this land is leased to area ranchers for cattle grazing. 

Cattle have unrestricted access to the banks of the stream, in addition to 

the hillsides above the creek. This practice is incompatible with a 

surface water source used for human consumption. Steps should be 

taken with the Forest Service to limit incompatible activities on the 

watershed. 

As a minimum, fencing or some other means of limiting access, should 

be erected to keep cattle out of the stream, and off its banks, to a point 

well upstream of the intake. Modeling of the stream flow, the associated 

contaminant transport, and the rate of natural purification would indicate 

the extent of protection required. It may be necessary to protect the full 

length of perennial flow, if not the entire watershed. Management of 

some wildlife activities in the watershed may also be necessary. 

Intake and Pump House 

The hole in the manhole on the south side of the stream should be 

repaired immediately regardless of future plans for the system. The 

need for immediate action applies as well to the cover over the wet well, 

and the house keeping of the pump house. 
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The hole in the manhole can allow entry of dirt, vegetation, and small 

animals into the system. Not only is the direct contamination a problem, 

but the decay of organisms that may enter, is a further health threat. 

The styrofoam covering the wet well can serve as a growth media for 

small organisms. These can fall off into the wet well either by 

themselves, or attached to pieces of styrofoam that are knocked free. 

Several pieces of styrofoam and other debris were observed floating in 

the wet well. 

A general cleaning and sanitizing· of the wet well is recommended. 

Abandoned equipment, parts, scrap materials, and even cans of motor 

oil are scattered around the pump house. These not only present 

sources of potential contamination, but are a personal safety hazard. All 

materials not directly linked with current uses should be removed. 

A backup power unit should be installed to combat power outages. The 

power unit would be set to come on only if the electricity was off and the 

system called for the pump to turn on. As further backup, a second 

pump should be installed to provide redundancy. Switching that would 

bring on the lag pump if the lead pump failed would be included with the 

installation of a second pump. 

CONTROLS 

Interactive controls would make the system more responsive to demand, 

improve efficiency, and practically eliminate waste. The first needed 

control is a sensor that would turn the pump on and off when the water 

level reached set levels in the 50,000 gallon tank. Radio telemetry is the 

most likely means of controlling the pump. If the treatment plant can 
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also be reached from the same transmitter, a low water alarm could be 

added. 

The second recommended control is a float switch at the 70,000 gallon 

tank. This would signal the pump from the treatment plant to start and 

stop filling as levels indicated. If there were no demand for water out of 

the treatment plant, flow from the 50,000 gallon tank would be stopped. 

TRANSMISSION 

In addition to confirming the condition and remaining life of the 

transmission pipeline, the flow capacity of the 2" galvanized pipeline from 

the 50,000 gallon tank to the 70,000 gallon tank must be confirmed. 

We have projected an 80,000 gallon peak day demand (see Chapter IV). 

This translates to a 55.6 gallon per minute required flow; roughly 25% 

higher than the current flow carried by the 2" pipe. In order to increase 

the flow through the pipeline, a higher operating (static) pressure is 

required. If the pipe itself can handle the higher static pressure, then it is 

just a matter of adjusting or changing out the PRVs to atlow the higher 

pressure. 

There is evidence that the pipe can carry the increased pressure. Vista 

West officials indicated to us that one of the PRVs was recently replaced. 

Prior to the replacement, significantly higher pressures were observed at 

the filter house. Although some damage to the existing treatment 

facilities occurred, no damage to the pipeline was observed. 

VI-6 



STORAGE 

Use of the 50,000 gallon tank for raw water storage, and the 70,000 

gallon tank for treated water storage should continue. In addition, 

storage capacity can be increased by constructing clear wells at the 

treatment plant. 

These clear wells could also serve as chlorine contact chambers. This 

would allow the treatment plant to discharge directly into the system. If 

clear wells are not constructed, the feeding of treated water into the 

70,000 gallon tank prior to entering the system should continue. This 

would allow the 70,000 gallon tank to act as a chlorine contact chamber. 

LOCATION 

The optimum location for a treatment plant would be near the existing 

filter building as shown on Figures VI-1 and VI-2. This would provide the 

best accessibility to the plant for servicing. It also would be close to the 

existing supply pipeline, and the 70,000 gallon treated water storage 

tank. System pressure would be available for backwash operations. 
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Consideration was given to locating the package treatment plant on the 

hillside next to the 70,000 gallon tank. The advantage of this location is 

the ability to gravity feed all the way from the raw water storage tank, 

through the treatment plant, into the 70,000 gallon tank; eliminating a 

second pumping operation. A second potential site, near the 50,000 

gallon tank, was also considered. This too would allow the treated water 

tank to be served by gravity. However, the poor accessibility of the sites 

outweighed the advantages. 

PACKAGE WATER TREATMENT 

A IIpackage water treatment plane is a factory assembled, skid mounted, 

plant that is set on a pre-prepared foundation at the site. This type of 

construction offers some economy, especially for small plants. 

Numerous manufacturers are available, with differing treatment methods 

and sequences. However, package plants typically are considered 

IIconventionalll mechanical water treatment plants; albeit on a small scale. 

One advantage to a package water treatment plant is that it can be 

configured to treat most contaminants, producing good quality water. 

Another advantage is that design and construction costs typically are 

less than a treatment plant constructed entirely in the field. 

The disadvantage of a package treatment plant for Vista West, is that it 

would require a Level III primary operator, and a backup operator who is 

at least Level II. 

The current system operator is Level I. He would be eligible to sit for the 

Level II operator's exam, but would have to work under a Level III 
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operator for one year before being eligible for a Level III exam. This 

would mean that the district would have to hire an outside consultant, 

who is within one hour, to oversee the operation of the plant. 

SLOW SAND FILTRATION 

Slow sand filtration, the second treatment plant alternative, is a treatment 

method dating back to the 1800's. It has been neglected in recent times 

because of the large area requirements, but it has found its way back in 

small community water systems. 

The Department of Environmental Quality, Water Quality Division 

regulations for potable water treatment, state that slow sand filtration may 

be used to treat surface waters with low turbidity (50 ntu or less). 

Ogden Creek, Vista West's water source, is relatively clear except for 

high turbidity during the spring runoff. The year round raw water quality 

has not been monitored. 

A slow sand filter works by percolating raw water through a layer of fine 

sand. A biologically active film forms on top of the sand~hat traps 

suspended particles, and chemically breaks down potentially harmful 

organisms. The effective sand size should be between 0.15 mm and 

0.35 mm (#100 and #50 US Standard Sieve, respectively). 

TheJlow rate is very slow; a typical value being .05 gallons per minute 

per square foot of surface area (gpm/sq.ft.). By comparison, the 

existing pressure filter is handling over 2 gpm/sq.ft. For the peak day 

flow, the required filter area is approximately 1100 square feet. 
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Two filters are required for maintenance purpose. Maintenance of the 

system consists of taking one filter out of operation and scraping off the 

top 1/2 to 2 inches of filter sand, typically 2 to 6 times a year. This is 

done when head loss across the filter indicates excessive buildup of 

filtered material. 

The advantages of a slow sand filter over a package plant are the ease 

of operation, and lower costs, both initial and operational. The ease of 

operation means that a Level II operator can run the system. The 

simplicity of the system allows for low construction costs. 

The disadvantage of the slow sand filter option is that, even though it 

should effectively treat clear raw water, it may not be able to handle the 

high turbidity experienced during spring runoff. The~EPA will not 

necessarily rule out a method of treatment for occasional spikes in 

quality. If this method is to be used, a pilot filter should be tested in 

order to design the slow sand filter and to evaluate the filter material. 

EPA recommends that capabilities be provided to run filtered water to 

waste. This allows a "ripening" period before bringing a filter back into 

service. The length of ripeninq period should be determined by turbidity 

of the treated water. 
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ALTERNATIVE 2 - PURCHASE WATER FROM SUNDANCE 

BACKGROUND 

The town of Sundance recently built a Madison Formation well less than 

1-1/2 miles from Vista West. This well is known as the Sundance No. 6 

well. The close proximity of this well prompted the consideration of this 

alternative. 

The No.6 well is now used to supplement Sundance's water supply 

during the summer and to back up the town's other wells if they were to 

become inoperable. It is the most remote well on the Sundance system, 

and their most expensive well to operate. To serve Vista West, 

Sundance believes they would have to leave this well in operation year 

round. Without Vista West, Sundance is considering the possibility of 

disconnecting electric service to the well during the winter months to 

save on minimum connection charges. The Town of Sundance would 

welcome the connection of Vista West to offset these charges. 

The pipeline to the No.6 well has a static pressure of approximately 35 

psi off the Sundance system when the well is not in operation. This 

would only provide roughly 70 feet of lift towards Vista West. Sundance 

chlorinates their system off their north well; no chlorination is available at 

the No.6 well. 
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RATES 

Sundance does not collect enough from their water utility billings to cover 

water system operating costs. As a result, water system costs are 

supplemented by the Town's general fund, (Le. through taxes paid by 

the Town's residents). Therefore they have set a higher rate for their 

present out of town water customers. 

The rate Sundance would charge to Vista West is the amount charged to 

other out of town users. The August 1991 rate was $2.75 per 1000 

gallons. This is approximately twice the in town user rate. The purchase 

of the water is over 80 percent of the operating costs for this option. A 

complete breakdown of costs is in the following chapter. 

CONSTRUCTION 

Vista West is approximately 1-1/2 miles in distance and their tank over 

500 feet higher in elevation from the Sundance No. 6 well. This 

alternative would require the district to build both a pipeline and a 

booster pump. An approximate layout of the pipeline and site of the 

booster station is shown on Figure VI-3. The Sundance well is located 

on private land. An easement would need to be obtained from the 

landowner for both the pipeline and booster station. 

Our· cost estimate reflects a booster station with duplex 10 H P pumps 

and a 4" diameter pipeline. This would deliver approximately 45 gpm 

with one pump running, and 80 gpm with two pumps running. The flow 

estimates are based on an elevation difference of 500 feet, and a pipe 

distance of 9000 feet between the pumps and the tank. These estimates 
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are very rough, considering that a 20 foot difference in elevation would 

mean a 10 percent difference in pump capacity. Actual elevation 

difference and, to a lesser extent actual pipeline length, would need to be 

determined to properly size pumps in a final design. 

Using the above assumptions, a single pump is adequate to handle 

average day flows. Peak days may require some dual pump running 

time to meet demand. The duplex setup would allow one pump to be 

out of service, and still meet basic water demand. Maintenance of the 

pumps could be scheduled outside the irrigation season. If a failure 

occurred during the summer, additional conservation measures may be 

required. 

A telemetry system between the tank and the booster station would 

control the operation of the pumps. A float switch in the 70,000 gallon 

tank would signal one pump to start when tank level drops slightly, 

perhaps one foot. If the tank dropped several additional feet, say to 60 

percent full, the second pump would come on. Once the tank refilled 

sufficiently the pumps would shut off. 

Connecting the pipeline to the southeast portion of the distribution sys

tem would allow the tank to '110at" on the pumps. The tank would fill 

when demand was low and both the tank and pump would feed the 

system when demand was high. 

Pumping through the system, rather than directly into the tank, has two 

additional benefits. First, it reduces the length of pipeline that would 

need to be constructed. Second, the hydraulics of the system are 

improved. When the pump is operating, the system is pressurized off 
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both the pump and the tank. Regardless of where the demand is 

located, improved delivery of water is achieved. 

The booster station would be the optimum location for chlorinating the 

water supply for two reasons: A facility will be required to house the 

pumps, and addition of the chlorinator would not require significant 

additional space. Second, this would allow the supply to pump through 

the system to the tank as described above. The meter recording flows 

into the system would also be relocated to the booster house. 

The downside of this location for chlorinating and metering, is the fact 

that the booster station likely would be located on private property. If 

access were a problem, a separate chlorination house could be 

constructed where the pipeline crossed into the Vista West district. 
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ALTERNATIVE 3 - CONSTRUCT MADISON WELL 

HISTORY 

In 1962, the Air Force attempted to construct a Madison Formation well 

approximately 1/4 mile east of the present Vista West site. This well was 

advanced 943 feet and abandoned. The last four feet ended in a dry 

cavern. The Air Force may have felt that this cavern was in the upper 

reaches of the Madison Formation, and being dry, believed that the 

Madison was not fully saturated at the site, and therefore not a potential 

source. 

Sundance completed a Madison Formation well 1-1/2 miles to the south

southeast of the 1962 well site. Dr J. P. Gries of the South Dakota 

School of Mines, Rapid City, observed the construction of the Sundance 

NO.6 well, and prepared the lithology. This well was successfully 

completed into the Madison Formation. 

Dr. Gries obtained the lithology record of the 1962 well. By comparing 

the two wells, he concluded that the 1962 driller stopped approximately 

200 feet short of reaching the Madison Formation. The top of the 

Madison at this site is below the static water level in the Sundance well. 

Therefore, he also concluded that the Madison is fully saturated. This 

also indicates that the Madison in this area is artesian; i.e. the static 

water level would rise above the top of the formation - though in this 

case, not clear to the ground surface. 

The lithology report of the 1962 well, sketches of both wells, and Dr. 

Gries' report to us are contained in Appendix A. 
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CONSTRUCTION 

We believe, based on Dr. Gries' observations, that Vista West could 

construct their own Madison Formation well in the area originally 

attempted by the Air Force. The well would be approximately 1250 feet 

deep from a surface elevation of approximately 5220. The pump setting 

likely would be between 1150 to 1200 feet. This well should supply 100 

gallons per minute. If initial production is low, the formation could be 

acid treated to improve the formation hydraulics next to the well. 

A new pipeline would need to be constructed from the well site to Vista 

West. Our estimates are based on this being a 3" pipeline; tying into the 

system at the northeast corner. Figure VI-4 shows the approximate 

location of the proposed well and pipeline. 

Historically, groundwater did not require chlorination. However, new 

regulations are anticipated that will require disinfection of all public water 

supplies. Chlorinating at the source (well) may be the preferred location. 

This would allow pumping through the system to the tank, reducing the 

length of pipeline and improving system hydraulics. The meter recording 

flows into the system could also be relocated to the well area. 
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OPERATION 

This alternative would greatly simplify the Vista West system. They 

would no longer need the remote infiltration gallery, the upper tank, 

PRVs, or the filter. The well would be nearer allowing for easy 

maintenance access. 

The pump at the well would be sized to pump against the system 

pressure. Connecting the pipeline to the east portion of the distribution 

system would allow the tank to IIfloatll on the pump. The tank would fill 

when demand was low and both the tank and pump would feed the 

system when demand was high. 

Pumping through the system, rather than directly into the tank, has the 

additional benefit of reducing the length of pipeline that would need to be 

constructed. 
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ALTERNATIVE 4 

DEVELOP SHALLOW SOURCE IN REUTER CANYON 

BACKGROUND 

Reuter Creek emerges on the south flank of Houston Ridge, and flows to 

the south through Reuter Canyon. The pipeline from the existing 50,000 

gallon tank follows this canyon down to the Vista West system. Figure 

1-2 shows this area. 

Reuter Creek is a perennial stream in its upper reaches. At this point it is 

flowing over igneous bedrock. The floor of the canyon is alluvial in 

nature. A substantial portion of the base flow may be present in the 

alluvial material. The source of the base flow is believed to be fractures 

in the bedrock. 

Further down the canyon, the bedrock changes to sedimentary 

formations, and the creek becomes intermittent. No flow was observed 

in the lower reaches during field visits in late June and late August 1991. 

Three forks of Reuter Canyon come together in an area called Reuter 

Spring. The north and west forks have perennial flow. Reuter Spring is 

a large marsh area formed when the alluvial flows join and come near 

the surface. A spring box was constructed to collect flow, and water still 

flows from a pipe next to the creek. This area had been a camp ground 

many years ago, but is no longer used by the National Forest Service. 

No information is available on the construction of the spring box, but it 

may have been built for the use of the campground. 
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Dr J. P. Gries viewed the canyon and provided much of the geological 

information presented above. He believes a series of shallow wells could 

be developed in the canyons above Reuter Spring. His report is 

contained in Appendix A. 

A test well should be constructed to confirm that adequate water quality 

and quantity can be obtained from the bedrock fractures. If the water is 

determined to be surface water, or groundwater under the influence of 

surface water, then this source is no better than the existing source. 

CONSTRUCTION 

A series of wells is anticipated because the production of any single well 

is not likely to meet the needs of Vista West. The wells should be cased 

through the alluvial surface material, and advanced between 50 and 100 

feet into the bedrock fractures. Casing to bedrock would prevent flow 

that has reached the alluvial material from being drawn" into the wells. 

Flow in the alluvial material is intermingled with flow on the surface, and 

is subject to contamination from surface sources. 

The flow from the wells would be combined using a manifold of pipelines 

constructed below ground. Two possibilities exist for sizing the pumps. 

First, they could be sized just large enough to bring the water to the 

surface where it would flow by gravity down the canyon as is currently 

done. The first of the two existing PRVs is just below Reuter Spring and 

may not be needed with this scenario. 
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The second scenario would be to size the pumps to pump against the 

existing 50,000 gallon tank. This would be more expensive, but would 

make use of this additional storage. 

Under either pumping scenario, the existing pipeline down the canyon 

could be used to deliver the water to Vista West. There is concern 

about the condition and capacity of this pipeline. A complete discussion 

of these concerns can be found under Alternative 1. 

Historically, groundwater did not require chlorination. However, new 

regulations are anticipated that will require disinfection of all public water 

supplies. The existing filter house and chlorinator likely can be re-used 

for this purpose. 

CONTROLS 

Interactive controls between the well field and Vista West would be 

necessary to make the wells responsive to demand, improve efficiency, 

and eliminate waste. The various wells could come on one at a time, or 

together as demand dictates. Given the valley location of the well field, 

radio telemetry may not be possible without a repeater station. This is 

anticipated in the cost estimate for this alternative in the following 

chapter. 
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SUMMARY 

Four alternatives are presented in this chapter. Each is technically 

feasible, and each has its own advantages and disadvantages. 

TREATMENT 

Treatment can be set up to handle any reasonable water source. The 

existing Ogden Creek source is generally good in quality. Vista West 

already has a water right on Ogden Creek, although they are apparently 

withdrawing more than their allocated right. All other options would 

abandon this water right and require acquisition of a new right. 

This option has major disadvantages. First is the reliance on the existing 

pipeline. There are serious concerns about the pipeline that need to be 

addressed before any further consideration is given to this option. 

Second is the level of qualification needed for the water system operator. 

An operator at least one, and possibly two, levels higher than the current 

operator is needed. A treatment system also has higher operating costs 

due to consumptive use of chemicals and filter materials. 

SUNDANCE WATER 

This option is relatively straightforward. The significant cost, and 

disadvantage, is the set rate for out of town users established by the 

Town of Sundance. 

VI-25 



The main advantage is the redundant source of supply. Not only would 

two pumps be provided to boost pressure to Vista West, but the other 

wells in town are available to provide water if the Sundance No. 6 well is 

off line. 

MADISON WELL 

This option appears to be the most promising for an independent source 

of water. The Madison Formation is believed to be saturated in the area 

around Vista West, and the likelihood of developing a successful well is 

high. 

The major disadvantage of this option is the reliance- on a single source. 

If any failure occurred to the well pump or motor, Vista West would be 

completely without water. The cost of drilling a second well, or having 

backup equipment on hand and maintained in working order, could 

significantly affect the feasibility of this option. 

REUTER WELLS 

The main disadvantage of the Reuter Wells option is the reliance on the 

existing pipeline to deliver water to Vista West. In addition, the potential 

water sO'urce is speculative, as it has never been developed. 

The advantages to this alternative include the minimal pumping heads 

required to supply the system. A second advantage is the use of 

multiple wells to supply water. The catastrophic failure of a single well 

will not leave the community without water. 
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CHAPTER VII 

COST ESTIMATES 

The preliminary estimated costs for each alternative, previously 

discussed, are summarized in the following tables. These costs are 

based upon anticipated 1991 cost levels. The items representing the 

total project cost are broken out in the tables. The item "SUBTOTAL" is 

the total of probable costs of construction. The item "PREPARE PLANS 

AND SPECS" is the probable cost for preparation of final designs and 

specifications, which is 9% of the construction items subtotal. The item 

I'ENGINEERING COST" is 10% of the construction cost and covers field 

engineering, inspection and surveying. Fifteen percent is added to cover 

any unforeseen costs that may be encountered during design and 

construction. 

The present worth of each alternative is figured adding the initial 

construction costs and the present worth of the annual 'costs. The 

present worth of the annual cost is calculated using a SOA> interest rate 

over the twenty year project life. The pumps are assumed to require 

replacement in 10 years. The present value of pump replacement costs 

is also included in the present worth for each alternative requiring 

pumps. 

The monthly per tap costs are the costs that would be borne by the 

users. Thirty-three percent (33%) of the project cost would be paid by 

the users. This amount is a loan from the Water Development 

Commission to be paid back at an interest rate of 4 percent over 35 

years. This payback is annualized and added to the pump replacement 

costs and annual operating costs. The total is divided between 43 taps 

and 12 months. 
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ITEM 
STANDBY GENERATOR 
TELEMETRY CONTROLS 
FLOAT VALVE 
100 GPM PACKAGE PLANT (FOB) 
INSTALL PLANT 
BUILDING 
CHLORINATOR 
SUBTOTAL 

PREPARE PLANS & SPECS 
PERMITTING & MITIGATION 
LEGAL FEES 
ACQUISTION OF ACCESS & R.O.W. 
CONSTRUCTION COST 
ENGINEERING 
SUBTOTAL 
CONTINGENCY 
CONSTRUCTION COST TOTAL 
PROJECT COST 

ITEM 
ELECTRIC DEMAND 
ENERGY 
CHEMICALS 
CHLORINE 
OPERATOR 
ANNUAL COST TOTAL 

COST ESTIMATE ALTERNATIVE 1A 
PACKAGE TREATMENT PLANT 

QUANTITY UNIT UNIT COST 
1 LS $20,000.00 
1 LS $15,000.00 
1 EA $2,000.00 
1 LS $64,000.00 
1 LS $60,000.00 
1 LS $20,000.00 
1 LS $10,000.00 

_ $191,000.00 
$19,100.00 

$210,100.00 
$31,515.00 

$241 ,615.00 

ANNUAL COSTS 
QUANTITY UNIT UNIT COST 

50 kW '$98.10 

47730 kW-hr $0.0352 
400 50 LBS $10.00 

1429 LBS $1.40 

PRESENT WORTH 

TOTAL 
$20,000.00 
$15,000.00 

$2,000.00 
$64,000.00 
$60,000.00 
$20,000.00 
$10,000.00 

$191,000.00 

$17,190.00 
$400.00 
$500.00 

$5,000.00 

$264,705.00 

TOTAL 
~4,~Ub.UU 

$1,681.05 
$4,000.00 
$2,000.00 

$20,000.00 
$32,589.05 

PRESENT WORTH CONST +ANNUAL+PUMP REPLACE 10 YRS $645,478.13 

MONTHLY PER TAP COST 

33% DEBT RETIREMENT(4% OVER 35 YRS) + OPERATIONAL $72.95 

PROPERTY OF WRDS LIBRARY 
LARAMIE, WY 
(307) 766-6661 



ITEM 
STANDBY GENERATOR 
TELEMETRY CONTROLS 
FLOAT VALVE 
EXCAVATION 
REINFORCED CONCRETE 
PIPING 
FILTER MEDIA 
CHLORINATOR 
ELECTRICAL 
INSTRUMENTATION 
BUILDING 
MISC. 
SUBTOTAL 

PREPARE PLANS & SPECS 
PERMITTING & MITIGATION 
LEGAL FEES 
ACQUISTION OF ACCESS & R.O.W. 
CONSTRUCTION COST 
ENGINEERING 
SUBTOTAL 
CONTINGENCY 
CONSTRUCTION COST TOTAL 
PROJECT COST 

ITEM 
DEMAND 
ENERGY 
CHLORINE 
OPERATOR 
ANNUAL COST TOTAL 

COST ESTIMATE ALTERNATIVE 1 B 
SLOW SAND FILTER 

QUANTITY UNIT 
1 LS 
1 LS 
1 EA 
1 LS 
1 LS 
1 LS 
1 LS 
1 LS 
1 LS 
1 LS 
1 LS 
1 LS 

ANNUAL COSTS 
QUANTITY UNIT 

50 kW 
47730 kW-hr 

1429 LBS 

PRESENT WORTH 

UNIT COST 
$20,000.00 
$15,000.00 

$2,000.00 
$5,000.00 

$20,000.00 
$25,000.00 

$5,000.00 
$10,000.00 
$30,000.00 
$30,000.00 
$35,000.00 
$20,000.00 

$217,000.00 
$21,700,00 

$238,700.00 
$35,805.00 

$274,505.00 

UNIT COST 
$98.16 

$0.0352 
$1.40 

PRESENT WORTH CONST +ANNUAL+PUMP REPLACE 10 YRS 

MONTHLY PER TAP COST 

33% DEBT RETIREMENT{4% OVER 35 YRS) + OPERA TONAL 

TOTAL 
$20,000.00 
$15,000.00 

$2,000.00 
$5,000.00 

$20,000.00 
$25,000.00 

$5,000.00 
$10,000.00 
$30,000.00 
$30,000.00 
$35,000.00 
$20,000.00 

$217,000.00 

$19,530.00 
$400.00 
$500.00 

$5,000.00 

$299,935.00 

TOTAL 
$4,908.00 
$1,681.05 
$2,000.00 

$15,000.00 
$23,589.05 

$577,479.03 

$56.72 



ITEM 
PUMP 40 GPM-1 0 HP 
PIPELINE 
BUILDING 
TELEMETRY CONTROLS 
SUBTOTAL 

PREPARE PLANS & SPECS 
PERMITTING & MITIGATION 
LEGAL FEES 
ACQUISTION OF ACCESS & R.O.W. 
CONSTRUCTION COST 
ENGINEERING 
SUBTOTAL 
CONTINGENCY 
CONSTRUCTION COST TOTAL 
PROJECT COST 

ITEM 
ELECTRIC DEMAND 
ENERGY 
WATER 
ANNUAL COST TOTAL 

COST ESTIMATE ALTERNATIVE 2 
PURCHASE SUNDANCE WATER 

QUANTITY UNIT UNIT COST 
2 EA $10,000.00 

9000 LF $10.00 
1 LS $35,000.00 
1 LS $15,000.00 

$160,000.00 
$16,000.00 

$176,000.00 
$26,400.00 

$202,400.00 

ANNUAL COSTS 
QUANTITY UNIT UNIT COST 

50 kW $98.16 
48300 kW-hr $0.0352 
11680 1000 GAL $2.75 

PRESENT WORTH 

PRESENT WORTH CONST +ANNUAL+PUMP REPLACE 10 YEARS 

MONTHLY PER TAP COST 

33% DEBT RETIREMENT{4% OVER 35 YRS) + OPERATIONAL 

TOTAL 
$20,000.00 
$90,000.00 
$35,000.00 
$15,000.00 

$160,000.00 

$14,400.00 
$400.00 
$500.00 

$10,000.00 

$227,700.00 

TOTAL 
$4,908.00 
$1,701.13 

$32.120.00 
----------------- --

$38,729.13 

$683,087.20 

$99.86 



ITEM 
MOBILIZATION 
WELL SITE LOCATION 
80 FT. 10 3/4" CASE & CEMENT 
DRILL 1100 FT 
110023# 7" 
7" CASE & CEMENT TO SURFACE 
150 6 1/4"OPEN HOLE 
24 HRS WELL DEVELOP 
100 GPM PUMP 7 DAYS 
SITE CLEAN UP 
GEOPHYSICAL LOGS 
MISC 
PUMP 80 GPM-40 HP 
STANDBY GENERATOR 
PIPE SCH. 40 
CABLE #2 
PIPE 3" PVC 
TELEMETRY CONTROLS 
TIE IN 
CHLORINATOR 
BUILDING 
SUBTOTAL 

PREPARE PLANS & SPECS 
PERMITTING & MITIGATION 
LEGAL FEES 

COST ESTIMATE ALTERNATIVE 3 
DRILL MADISON WELL 

QUANTITY UNIT UNIT COST 
LS $4,500.00 
LS 2500 

80 LF $100.00 
1100 LF $28.00 
1100 LF 16 

1 LS $4,000.00 
150 LF $18.00 
24 HRS $175.00 

1 LS $12,600.00 
1 LS $1,500.00 
1 LS $4,000.00 
1 LS $4,500.00 
1 EA $23,000.00 
1 LS $20,000.00 

1250 LF $11.00 
1250 LF $3.00 
1000 LF $10.00 

1 LS $14,000.00 
LS $1,500.00 
LS $10,000.00 
LS $35,000.00 

TOTAL 
$4,500.00 
$2,500.00 
$8,000.00 

$30,800.00 
$17,600.00 

$4,000.00 
$2,700.00 
$4,200.00 

$12,600.00 
$1,500.00 
$4,000.00 
$4,500.00 

$23,000.00 
$20,000.00 
$13,750.00 

$3,750.00 
$10,000.00 
$14,000.00 

$1,500.00 
$10,000.00 
$35,000.00 

$227,900.00 

$20,511.00 
$400.00 
$500.00 

ACQUISTION OF ACCESS & R.O.W. $5,000.00 
CONSTRUCTION COST 
ENGINEERING 
SUBTOTAL 
CONTINGENCY 
CONSTRUCTION COST TOTAL 
PROJECT COST 

ITEM 
ELECTRIC DEMAND 
ENERGY 
OPERATOR 
ANNUAL COST TOTAL 

ANNUAL COSTS 
QUANTITY UNIT 

50 kW 
7408 kW-hr 

PRESENT WORTH 

$227,900.00 
$22,790.00 

$250,690.00 
$37,603.50 

$288,293.50 
$314,704.50 

UNIT COST TOTAL 
$98.16 $4,908.00 

$0.3522 $2,609.10 
$15,000.00 
$22,517.10 

CONSTRUCTION + ANNUAL + PUMP REPLACEMENT 10 YRS $585,816.56 

MONTHLY PER TAP COST 

33% DEBT RETIREMENT{4% OVER 35 YRS) + OPERATIONAL $56.59 



ITEM 
DRILL & CASE 150' WELLS 
PUMPS 16 GPM-1 HP 
PIPING 
TELEMETRY CONTROLS 
FLOAT VALVE 
SUBTOTAL 

PREPARE PLANS & SPECS 
PERMITTING & MITIGATION 
LEGAL FEES 
ACQUISTION OF ACCESS & R.O.W. 
CONSTRUCTION COST 
ENGINEERING 
SUBTOTAL 
CONTINGENCY 
CONSTRUCTION COST TOTAL 
PROJECT COST 

OPTION A-TIE IN EXISTING PIPE 
OPTION B-NEW PIPE 
OPTION C-5 HP PUMP 50K TANK 

ITEM 
ELECTRIC DEMAND 
ENERGY 
OPERATOR 
ANNUAL COST TOTAL 

OPTION A 
OPTION B 
OPTION B IN 10 YRS 
OPTIONC 

COST ESTIMATE ALTERNATIVE 4 
SHALLOW WELLS REUTER CANYON 

QUANTITY 
3 EA 
3 EA 

2000 LF 
1 LS 
1 LS 

LS 
10000 LF 

3 EA 

UNIT 

ANNUAL COSTS 

UNIT COST 
$11,000.00 

$1,500.00 
$10.00 

$15,000.00 
$2,000.00 

$72,500.00 
$7,250.00 

$79,750.00 
$11,962.50 
$91,712.50 

$1,000.00 
$10.00 

$3,000.00 

TOTAL 
$33,000.00 

$4,500.00 
$20,000.00 
$15,000.00 

$2,000.00 
$72,500.00 

$6,525.00 
$1,000.00 

$500.00 
$5,000.00 

$104,737.50 

$1,000.00 
$100,000.00 

$9,000.00 

QUANTITY UNIT UNIT COST TOTAL 
50 kW 

10523 kW-hr 

PRESENT WORTH 

MONTHLY PER TAP COST 

$98.19 $4,909.50 
$0.0352 $31u.41 

$15,000.00 
$20,279.91 

$340,858.84 
$439,858.84 
$395,698.84 
$346,871.64 

33% DEBT RETIREMENT(4% OVER 35 YRS) + OPERATIONAL 
(ASSUME PIPELINE REPLACEMENT) 

$46.74 



CHAPTER VIII 

RECOMMENDED ALTERNATIVE 



CHAPTER VIII 

RECOMMENDED ALTERNATIVE 

In this Levell study, two options emerged superior to the others. These 

are: a deep Madison Formation well near Vista West; and drilling a 

series of shallow tertiary formation wells in Reuter Canyon. Neither could 

be absolutely recommended due to several unresolved questions. 

The IIrecommended alternativell is to pursue a Level II study. This Level 

II study will first define the legal implications of each alternative, including 

land ownership, permits required, and rights-of-way feasements 

necessary for the wells and pipelines. Due to the lower development 

costs of Reuter Canyon wells, test wells for this option will likely be 

attempted first. 

The questions identified in this study are discussed on the following 

pages. In essence, the discussion is a IIscope of workll for the Level II 

study. 
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REUTER CANYON WELLS 

The summary provided for this option in Chapter VI is as follows: 

The main disadvantage of the Reuter Wells option is the reliance 

on the existing pipeline to deliver water to Vista West. In addition, 

the potential water source is speculative, as it has never been 

developed. 

The advantages to this alternative include the minimal pumping 

heads required to supply the system. A second advantage is the 

use of multiple wells to supply water. The catastrophic failure of a 

single well will not leave the community without water. 

Accordingly, the questions to be addressed in a Level II study are as 

follows: 

* 

* 

What is the condition of the Reuter Canyon pipeline? The pipeline 

should be exposed in several different locations, in different soil 

conditions. A section of pipe should be removed at each location 

for analysis. A sub-option under this alternative is to pump from 

the wells to the 50,000 gallon tank; thereby using all the storage 

now owned by Vista West. Pipe above and below Reuter Springs 

should be investigated. 

A test well should be constructed to confirm that adequate water 

quality and quantity can be obtained from the bedrock fractures. 

The estimated depth of the wells at this site is 100 to 150 feet. 

To prevent contamination of the fracture groundwater, the test well 

completion should include casing to bedrock and sealing the well, 
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* 

* 

* 

* 

prior to drilling into the bedrock. The test wells should be 

constructed of sufficient size to allow conversion to a production 

well. If the test wells are successful, pump and motor sizing for 

production wells should be performed. 

A geologist will be retained to assist in siting the test well( s). More 

than one test well may be considered for this option (whereas the 

depth of a Madison Formation well would preclude multiple 

attempts). The well sites and the upper reaches of the pipeline 

are on USFS land. Some land along the pipeline route is privately 

owned. 

What is the availability of power to the well site(s), and what will it 

cost to provide the power? No recorded easement for the 

existing pipeline was found in the Crook County Courthouse 

during a cursory review. The status of the pipeline through the 

USFS and private land must be determined. Vista West presently 

has a IISpecial Use Permit" for withdrawing Ogden Creek water 

inside the national forest. The USFS requirements for constructing 

new wells inside the national forest, and the annual cost of 

retaining any special use permit needs to be determined. 

The type of controls and an operating scenario for the 

successfully completed wells should be developed. Included in 

this analysis would be the location and type of chlorination 

equipment requirect. Would it need to be full time, or standby? 

Finally, a cost estimate for completing construction, and the share 

Vista West will be assessed for the successfully completed wells 

must be determined. This can then be reduced to a per-tap cost. 
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Alternative sources of funding the construction, and the impact on 

per-tap cost, can also be assessed. 

MADISON FORMATION WELL 

The summary provided for this option in Chapter VI is as follows: 

This option appears to be the most promising for an independent 

source of water. The Madison Formation is believed to be 

saturated in the area around Vista West, and the likelihood of 

developing a successful well is high. 

The major disadvantage of this option is the reliance on a single 

source. If any failure occurred to the well pump or motor, Vista 

West would be completely without water. The cost of drilling a 

second well, or having backup equipment on hand and maintained 

in working order, could significantly affect the feasibility of this 

option. 

Accordingly, the questions to be addressed in a Level II study are as 

follows: 

* Will DEQ Water Qu~lity Division allow Vista West to develop a 

single source well water supply? Under what conditions will this 

be allowed; what amount of storage or standby equipment will be 

required? 
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* Where will a new well be located? A geologist will be consulted to 

site a potential well. The land ownership for the well, as well as 

the ownership of land along any pipeline route, needs to be 

determined. What will it cost to purchase the land and/or obtain 

leases for the well and pipeline? What is the availability of power 

to the well site, and what will it cost to provide the power? If any 

easements or special use permits must be obtained, what will the 

annual cost of these be? 

* A test well must be constructed of sufficient size to allow 

conversion to a production well. If the test well is successful, 

pump and motor sizing for a production well should be performed. 

* 

* 

The type of controls and an operating scenario for the 

successfully completed well should be developed. Included in this 

analysis would be the location and type of chlorination equipment 

required. Would it need to be full time, or standby? 

Finally, a cost estimate for completing construction, and the share 

Vista West will be assessed for the successfully completed well 

will be determined. This can then be reduced to a per-tap cost. 

Alternative sources of funding the construction, and the impact on 

per-tap cost, can also be assessed. 

VIII-5 
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JOHN PAUL GRIES 
ConsuLting GeoLogist 
238 ST. CHARLES STREE.' 

RAPID CITY. SOUTH DAKOTA 

Possible sources of water for Vista West, Crook County, Wyoming 

The stretches along Ogden and Reuter canyons which are being considered 
as possible SOllrces of water for Vista West are deeply entrenched in dense, 
granite-like igneous rock These rocks have no intergranular porosity, but 
only fracture porosity. Fractures are abundant near the surface, but decrease 
in number rapidly below the frost line. Below perhaps 100 feet, the chances 
of hitting a water-bearing fracture of any magnitude are small in any one hole. 

Bedrock in both areas is mantled with several feet of colluvial material,
claY, sand-sized material, and rock fragments. The colluvium oecomes thicker 
near the base of the slopes. It appears to me that most of the flo,,, and sub
flow in the streams is derived from seasonal water moving downward through the 
colluvium and fractured bedrock. Spring areas appear to occur where den~er 
colluvium or bedrock is present in the valley bottom, forcing the subflow to 
the surface for short intervals. 

There appear to be two possibilities for intercepting this near-surface 
flow. First is a duplication of what the Air force did on Ogden Creek. That 
is, some type of cutoff dam through the colluvium in the creek bottom, forcing 
the water into a surface impoundment. This would certainly be considered surface 
water, with its own legal ramifications and treat~e~t problems. A second 
approach would involve shallow wells, drilled in the valley bottoms to capture 
water :noving through the fractured oedrock. Haxirnum depth might be 50 or 100 
feet. If these wells were cased to bedrock, the water would be considered 
groundwater legally, and might necessitate less treatment. Yield of individUal 
wells might be small, bv.t a series of small yield wells· drilled at 500- or 1000-
foot intervals, might supply the limited needs of Vista West. If easements can 
be obtained, it would not cost very much to bring in a small drilling rig and 
try a test hole or two. Deep wells into the igneous rock offer a real crap shoot. 
The odds are small of encountering enough deep fractures to constitute a 
steady source of water. It should be borne in mind that the water reported ~J 

the mining exploration companies Came from holes which we~e several hundrtds, 
and in some instances a few thousand feet in depth. The chances of encountering 
appreciable water in a single 500- or lOOO-foot well are fairly slim. :::ven 
though there is always the possibility of a lucky strike in the first hole, I 
Cannot enthuse over this approach to Vista West's water problem. 

A different approach is to consider the potential of the Hadison limestone 
around the southern edge of the Eearlodge >]ountains. Two possi bili ties have 
oeen s~ggested, loth assuring :-in adequate sUPFly of potaole water, but involving 
legal, engineering, and financial ramifications. 'l'he quickest, and most trouole
free 'would be to tie to the Sundance system at T,~ell !~o. 6. I undel'sta~d tiLt 
that 11ternative has aJ.re!ldy been considereo, and at least temporarily sGelv-:!d 
because of :he n:ontr:ly cost to the consumers. A second alternative is to hav~ 
Vista West drill tl-:eir own well on tr.e east side of the cO'~imuni ty. This approach 
WaS attempted in 1962, when ?redericksons', a contractor from southeastern Sout:-: 



JOHN PAUL GRIES 
Consulting Geologist 
238 ST. CHARLES STREET 

RAPID CITY. SOUTH DAk.OTA 

Dakota drilled a test hole in the center 01' tte I\!Et SEt se ~tion 9, T. 51 n., 
R. 63 w., just east of the old rqdar site buildings. The driller started in 
the Spearfish redbeds, find after drilling 460 feet of l'~innelusa for:n.ation, 
reportedly hit a cavern. At that time it WaS assumed that the dry c~vern waS 
A.t the top of the Hadison limestone, and thc.t trlat formation was dry.' In 1986, 
when the Sunda~e No.6 well WaS drilled one and one half miles south of the 
Frederickson test, 654 feet of Hinnelusa for:::ation WaS drilled, indicating that 
the reported cavern in tr.e ?rederickson well WaS q ctually a bout 20J feet 8. bove 
the b~se of the Minnelusa formation, ~na t~~t tte Endison WaS not tested. 

It is now evident that if the Frederickson well had drilled deeper, it 
would h~ve hit the !'1adison limestone at -:-~bout 1140 feet, or at a sealevel ele
Vation of 4085 feet. As t~lis is 00101,/ the static level of the ~~!adison water in 
the SunJ.ance well, it is evident that the entire Ladison formation whould have 
been saturated. 

It maY be concludeci tr:at >td':'son '>.Jater iSqVail~ole ~t and near tte 
Frederickson test site. A well "drilled 200 feet int~ the Vadison lim~stone, 
or to a total depth of roughly 1250 feet, s[:.culci SlJ :):ily a rninimum of 100 
gallons per ;:.inute wi tt 9.. pump set t info: of ;bout IJ. 50 ,or l~c)O feet. 

;j U{!ust 26, 1991 
JPG/me 
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* * * * * * * * * * * * * * K Y PIP E * * * * * * * * * * * * * * 
* University of Kentucky Hydraulic Analysis Program * 
* for the Distribution of Pressure and Flows in Pipe Network Systems * 
* FORTRAN VERSION - 3.40 (01/02/91) * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

DATE: 9/17/1991 
TIME: 11:16:53 

INPUT DATA FILENAME -------------- 232ANAL1 
TABULATED OUTPUT FILENAME -------- 232ANAL2.0UT 

************************************************ 
SUMMARY o F o RIG I N A L D A T A 

************************************************ 

U NIT S S P E C I FIE D 

FLOWRATE IS EXPRESSED IN GPM AND PRESSURE IN PSIG 

P I P E L I N E A N D P U M P D A 

PIPE NO. NODE NOS. LENGTH DIAMETER 
(FEET) (INCHES) 

1 0 1 552.0 6.0 
2 1 2 270.0 6.0 
3 2 3 406.0 6.0 
4 3 4 842.0 6.0 
5 4 5 379.0 6.0 
6 5 6 173.0 6.0 
7 6 7 334.0 6.0 
8 4 7 236.0 6.0 
9 7 8 618.0 6.0 

10 6 8 305.0 6.0 
LINE 10 IS CLOSED 

11 3 5 1180.0 6.0 
LINE 11 IS CLOSED 

12 1 9 1800.0 2.0 

J U N C T ION NOD E D A T A 

JUNCTION NUMBER 
1 
2 

DEMAND 
.00 
.00 

ELEVATION 
5335.00 
5322.00 

T A 

ROUGHNESS MINOR 

77.0 
77.0 
77.0 
77.0 
77.0 
77.0 
77.0 
77.0 
77.0 
77.0 

77.0 

130.0 

CONNECTING PIPES 
1 2 12 
2 3 

LOSS 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

K FIXED GRADE 

5480.00 



3 3.69 5301.00 3 4 11 
4 3.22 5267.00 4 5 8 
5 2.46 5270.00 5 6 11 
6 2.31 5265.00 6 7 10 
7 2.76 5259.00 7 8 9 
8 2.92 5253.00 9 10 
9 .00 5460.00 12 

OUT PUT OPT ION D A T A 

OUTPUT SELECTION: ALL RESULTS ARE OUTPUT EACH PERIOD 

S Y S T E M CON FIG U RAT ION 

THIS SYSTEM HAS 12 PIPES WITH 9 JUNCTIONS , 3 LOOPS AND 1 FGNS 

*******************************~***** 
S I M U L A T ION RES U L T S 

************************************* 

THE RESULTS ARE OBTAINED AFTER 8 TRIALS WITH AN ACCURACY = .00029 

S I M U L A T ION DES C RIP T ION (L ABE L) 

VISTA WEST DISTRIBUTION SYSTEM 

PIP ELI N E R E S U L T S 

PIPE NO. NODE NOS. FLOWRATE HEAD LOSS PUMP HEAD MINOR LOSS VELOCITY HL/1000 
1 0 1 17.36 .06 .00 .00 .20 .11 
2 1 2 17.36 .03 .00 .00 .20 .11 
3 2 3 17.36 .04 .00 .00 .20 .11 
4 3 4 13.67 .06 .00 .00 .16 .07 
5 4 5 4.44 .00 .00 .00 .05 .01 
6 5 6 1.98 .00 .00 .00 .02 .00 
7 6 7 -.33 .00 .00 .00 .00 .00 
8 4 7 6.01 .00 .00 .00 .07 .02 
9 7 8 2.92 .00 .00 .00 .03 .00 

LINE 10 IS CLOSED 



LINE 11 IS CLOSED 
12 1 9 .00 .00 .00 .00 

J U N C T ION NOD E RES U L T S 

JUNCTION NUMBER DEMAND GRADE LINE ELEVATION PRESSURE 
1 .00 5479.94 5335.00 62.81 
2 .00 5479.91 5322.00 68.43 
3 3.69 5479.87 5301.00 77.51 
4 3.22 5479.81 5267.00 92.22 
5 2.46 5479.81 5270.00 90.92 
6 2.31 5479.81 5265.00 93.08 
7 2.76 5479.81 5259.00 95.68 
8 2.92 5479.80 5253.00 98.28 
9 .00 5479.94 5460.00 8.64 

SUMMARY o F I NFL 0 W S AND OUT FLO W S 

(+) INFLOWS INTO THE SYSTEM FROM FIXED GRADE NODES 
(-) OUTFLOWS FROM THE SYSTEM INTO FIXED GRADE NODES 

PIPE NUMBER 
1 

FLOWRATE 
17.36 

NET SYSTEM INFLOW = 
NET SYSTEM OUTFLOW = 
NET SYSTEM DEMAND = 

D A T A C HAN G E S 

17.36 
.00 

17.36 

FOR 

D E MAN D C HAN G E S 

N EXT S I M U L A ,T ION 

DEMANDS ARE CHANGED FROM ORIGINAL VALUES BY A FACTOR = 2.72 

************************************* 
S I M U L A T ION RES U L T S 

************************************* 

.00 

THE RESULTS ARE OBTAINED AFTER 2 TRIALS WITH AN ACCURACY = .00000 

S I M U L A T ION DES C RIP T ION (L ABE L) 

MAX. DAY DEMAND 

.00 



(2.72 x AVG.) 

PIP ELI N E RES U L T S 

PIPE NO. NODE NOS. FLOWRATE HEAD LOSS PUMP HEAD MINOR LOSS VELOCITY 
1 0 1 47.22 .38 .00 .00 
2 1 2 47.22 .19 .00 .00 
3 2 3 47.22 .28 .00 .00 
4 3 4 37.18 .37 .00 .00 
5 4 5 12.06 .02 .00 .00 
6 5 6 5.37 .00 .00 .00 
7 6 7 -.91 .00 .00 .00 
8 4 7 16.36 .02 .00 .00 
9 7 8 7.94 .02 .00 .00 

LINE 10 IS CLOSED 
LINE 11 IS CLOSED 

12 1 9 .00 .00 .00 .00 

J U N C T ION NOD E RES U L T S 

JUNCTION NUMBER DEMAND GRADE LINE ELEVATION PRESSURE 
1 .00 5479.62 5335.00 62.67 
2 .00 5479.44 5322.00 68.22 
3 10.04 5479.16 5301.00 77.20 
4 8.76 5478.79 5267.00 91.77 
5 6.69 5478.77 5270.00 90.47 
6 6.28 5478.76 5265.00 92.63 
7 7.51 5478.76 5259.00 95.23 
8 7.94 5478.75 5253.00 97.82 
9 .00 5479.62 5460.00 8.50 

SUMMARY o F I NFL 0 W S AND OUT FLO W S 

(+) INFLOWS INTO THE SYSTEM FROM- FIXED GRADE NODES 
(-) OUTFLOWS FROM THE SYSTEM INTO FIXED GRADE NODES 

PIPE NUMBER 
1 

FLOWRATE 
47.22 

NET SYSTEM INFLOW = 
NET SYSTEM OUTFLOW = 
NET SYSTEM DEMAND = 

47.22 
.00 

47.22 

.54 

.54 

.54 

.42 

.14 

.06 
-.01 

.19 

.09 

.00 

HL/1000 
.69 
.69 
.69 
.44 
.05 
.01 
.00 
.10 
.03 

.00 



D A T A C HAN G E S FOR N EXT S I M U L A T ION 

D E MAN D C HAN G E S 

DEMANDS ARE CHANGED FROM ORIGINAL VALUES BY A FACTOR = 11.50 

************************************* 
S I M U L A T ION RES U L T S 

************************************* 

THE RESULTS ARE OBTAINED AFTER 2 TRIALS WITH AN ACCURACY = .00000 

S I M U L A T ION DES C RIP T ION (L ABE L) 

PEAK HOUR 

( 11 . 5 X A VG. ) 

PIP ELI N E R E S U L T S 

PIPE NO. NODE NOS. FLOWRATE HEAD LOSS PUMP HEAD MINOR LOSS VELOCITY HL/1000 
1 0 1 199.64 5.46 .00 .00 2.27 9.90 
2 1 2 199.64 2.67 .00 .00 2.27 9.90 
3 2 3 199.64 4.02 .00 .00 2.27 9.90 
4 3 4 157.21 5.35 .00 .00 1.78 6.36 
5 4 5 51.01 .30 .00 >.00 .58 .79 
6 5 6 22.72 .03 .00 .00 .26 .18 
7 6 7 -3.85 .00 .00 .00 -.04 -.01 
8 4 7 69.17 .33 .00 .00 .78 1.39 
9 7 8 33.58 .23 .00 .00 .38 .36 

LINE 10 IS CLOSED 
LINE 11 IS CLOSED 

12 1 9 .00 .00 .00 .00 .00 .00 

J U N C T ION N ODE R E S U L T S 

JUNCTION NUMBER DEMAND GRADE LINE ELEVATION PRESSURE 
1 .00 5474.54 5335.00 60.47 
2 .00 5471.87 5322.00 64.94 
3 42.43 5467.85 5301.00 72.30 
4 37.03 5462.50 5267.00 84.71 
5 28.29 5462.20 5270.00 83.29 
6 26.56 5462.17 5265.00 85.44 



7 
8 
9 

31.74 
33.58 

.00 

5462.17 
5461.94 
5474.54 

5259.00 
5253.00 
5460.00 

88.04 
90.54 

6.30 

SUMMARY o F I NFL 0 W S AND OUT FLO W S 

(+) INFLOWS INTO THE SYSTEM FROM FIXED GRADE NODES 
(-) OUTFLOWS FROM THE SYSTEM INTO FIXED GRADE NODES 

PIPE NUMBER 
1 

FLOWRATE 
199.64 

NET SYSTEM INFLOW = 
NET SYSTEM OUTFLOW = 
NET SYSTEM DEMAND = 

199.64 
.00 

199.64 

D A T A C HAN G E S FOR N EXT S I M U L A T ION 

D E MAN D C HAN G E S 

DEMANDS ARE CHANGED FROM ORIGINAL VALUES BY A FACTOR = 11.50 

THE FOLLOWING SPECIFIC DEMAND CHANGES ARE MADE : 
JUNCTION NUMBER DEMAND 

2 500.00 

************************************* 
S I M U L A T ION RES U L T S 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *,* 

THE RESULTS ARE OBTAINED AFTER 2 TRIALS WITH AN ACCURACY = .00000 

S I M U L A T ION DES C RIP T ION (L ABE L) 

PEAK HOUR + FIRE 

(11.5 x + 500 GPM 

@ NODE 2) 

PIP ELI N E 

PIPE NO. NODE NOS. 

RES U L T S 

FLOWRATE HEAD LOSS PUMP HEAD MINOR LOSS VELOCITY HL/1000 



1 0 1 699.64 55.72 .00 .00 
2 1 2 699.64 27.26 .00 .00 
3 2 3 199.64 4.02 .00 .00 
4 3 4 157.21 5.35 .00 .00 
5 4 5 51.01 .30 .00 .00 
6 5 6 22.72 .03 .00 .00 
7 6 7 -3.85 .00 .00 .00 
8 4 7 69.17 .33 .00 .00 
9 7 8 33.58 .23 .00 .00 

LINE 10 IS CLOSED 
LINE 11 IS CLOSED 

12 1 9 .00 .00 .00 .00 

J U N C T ION NOD E RES U L T S 

JUNCTION NUMBER DEMAND GRADE LINE ELEVATION PRESSURE 
1 .00 5424.28 5335.00 38.69 
2 500.00 5397.02 5322.00 32.51 
3 42.43 5393.00 5301.00 39.87 
4 37.03 5387.65 5267.00 52.28 
5 28.29 5387.35 5270.00 50.85 
6 26.56 5387.32 5265.00 53.01 
7 31.74 5387.32 5259.00 55.61 
8 33.58 5387.10 5253.00 58.11 
9 .00 5424.28 5460.00 -15.48 

SUMMARY o F I NFL 0 W SAN D OUT FLO W S 

(+) INFLOWS INTO THE SYSTEM FROM FIXED GRADE NODES 
(-) OUTFLOWS FROM THE SYSTEM INTO FIXED GRADE NODES 

PIPE NUMBER 
1 

FLOWRATE 
699.64 

NET SYSTEM INFLOW = 
NET SYSTEM OUTFLOW = 
NET SYSTEM DEMAND = 

699.64 
.00 

699.64 

D A T A C HAN G E S FOR N EXT S I M U L A T ION 

DEMAND C HAN G E S 

DEMANDS ARE CHANGED FROM ORIGINAL VALUES BY A FACTOR = 11.50 

THE FOLLOWING SPECIFIC DEMAND CHANGES ARE MADE : 
JUNCTION NUMBER DEMAND 

6 500.00 

7.94 100.95 
7.94 100.95 
2.27 9.90 
1.78 6.36 

.58 .79 

.26 .18 
-.04 -.01 

.78 1.39 

.38 .36 

.00 .00 



************************************* 
S I M U L A T ION RES U L T S 

************************************* 

THE RESULTS ARE OBTAINED AFTER 3 TRIALS WITH AN ACCURACY = .00001 

S I M U L A T ION 

PEAK HOUR + FIRE 

(11.5 X + 500 

GPM @ NODE 6) 

PIP ELI N 

PIPE NO. NODE 
1 0 
2 1 
3 2 
4 3 
5 4 
6 5 
7 6 
8 4 
9 7 

E 

NOS. 
1 
2 
3 
4 
5 
6 
7 
7 
8 

R 

LINE 10 IS CLOSED 
LINE 11 IS CLOSED 

12 1 9 

J U N C T ION N 

JUNCTION NUMBER 
1 
2 
3 
4 
5 
6 
7 
8 
9 

DES C RIP T ION (L ABE L) 

E S U L T S 

.FLOWRATE HEAD LOSS PUMP HEAD MINOR LOSS VELOCITY 
673.08 51.87 .00 .00 7.64 
673.08 25.37 .00 .00 7.64 
673.08 38.15 .00 .00 7.64 
630.64 70.13 .00 .00 7.16 
285.16 7.26 .00 .00 3.24 
256.87 2.73 .00 .00 2.91 

-243.13 -4.76 .00 .00 -2.76 
308.45 5.23 .00 .00 3.50 

33.58 .23 .00 .00 .38 

.00 .00 .00 .00 .00 

ODE R E S U L T S 

DEMAND GRADE LINE ELEVATION PRESSURE 
.00 5428.13 5335.00 40.36 
.00 5402.76 5322.00 35.00 

42.43 5364.61 5301.00 27.57 
37.03 5294.48 5267.00 11.91 
28.29 5287.23 5270.00 7.46 

500.00 5284.50 5265.00 8.45 
31.74 5289.26 5259.00 13.11 
33.58 5289.03 5253.00 15.61 

.00 5428.13 5460.00 -13.81 

HL/1000 
93.96 
93.96 
93.96 
83.29 
19.15 
15.78 

-14.26 
22.15 

.36 

.00 



SUM MAR Y o F I NFL 0 W S AND OUT FLO W S 

(+) INFLOWS INTO THE SYSTEM FROM FIXED GRADE NODES 
(-) OUTFLOWS FROM THE SYSTEM INTO FIXED GRADE NODES 

PIPE NUMBER 
1 

FLOWRATE 
673.08 

NET SYSTEM INFLOW = 
NET SYSTEM OUTFLOW = 
NET SYSTEM DEMAND = 

673.08 
.00 

673.08 

D A T A C HAN G E S FOR N EXT S I M U L A T ION 

D E MAN D C HAN G E S 

DEMANDS ARE CHANGED FROM ORIGINAL VALUES BY A FACTOR = 11.50 

THE FOLLOWING SPECIFIC DEMAND CHANGES ARE MADE : 
JUNCTION NUMBER DEMAND 

8 500.00 

************************************* 
S I M U L A T ION RES U L T S 

************************************* 

THE RESULTS ARE OBTAINED AFTER 3 TRIALS WITH AN ACCURACY = .00406 

S I M U L A T ION 

PEAK HOUR + FIRE 

(11.5 X + 500 

GPM @ NODE 8) 

PIP ELI N 

PIPE NO. NODE 
1 0 
2 1 
3 2 
4 3 
5 4 
6 5 

E 

NOS. 
1 
2 
3 
4 
5 
6 

R 

DES C RIP T ION (L ABE r,,) 

E S U L T S 

FLOWRATE HEAD LOSS PUMP HEAD MINOR LOSS VELOCITY 
666.06 50.87 .00 .00 7.56 
666.06 24.88 .00 .00 7.56 
666.06 37.42 .00 .00 7.56 
623.63 68.69 .00 .00 7.08 
209.45 4.10 .00 .00 2.38 
181.16 1.43 .00 .00 2.06 

HL/1000 
92.16 
92.16 
92.16 
81.58 
10.82 
8.27 



7 6 7 154.60 2.06 .00 .00 
8 4 7 377.14 7.59 .00 .00 
9 7 8 500.00 33.49 .00 .00 

LINE 10 IS CLOSED 
LINE 11 IS CLOSED 

12 1 9 .00 .00 .00 .00 

J U N C T ION N ODE R E S U L T S 

JUNCTION NUMBER DEMAND GRADE LINE ELEVATION PRESSURE 
1 .00 5429.13 5335.00 40.79 
2 .00 5404.25 5322.00 35.64 
3 42.43 5366.83 5301.00 28.53 
4 37.03 5298.14 5267.00 13.49 
5 28.29 5294.04 5270.00 10.42 
6 26.56 5292.61 5265.00 11.96 
7 31.74 5290.55 5259.00 13.67 
8 500.00 5257.07 5253.00 1.76 
9 .00 5429.13 5460.00 -13.38 

SUMMARY o F I NFL 0 W S AND OUT FLO W S 

(+) INFLOWS INTO THE SYSTEM FROM FIXED GRADE NODES 
(-) OUTFLOWS FROM THE SYSTEM INTO FIXED GRADE NODES 

PIPE NUMBER 
1 

FLOWRATE 
666.06 

NET SYSTEM INFLOW = 
NET SYSTEM OUTFLOW = 
NET SYSTEM DEMAND = 

666.06 
.00 

666.06 

D A T A C HAN G E S FOR N EXT S I M U L A T ION 

DEMAND C HAN G E S 

DEMANDS ARE CHANGED FROM ORIGINAL VALUES BY A FACTOR = 11.50 

THE FOLLOWING SPECIFIC DEMAND CHANGES ARE MADE : 
JUNCTION NUMBER DEMAND 

8 500.00 
1 -100.00 

************************************* 
S I M U L A T ION RES U L T S 

************************************* 

1.75 6.16 
4.28 32.14 
5.67 54.19 

.00 .00 



THE RESULTS ARE OBTAINED AFTER 2 TRIALS WITH AN ACCURACY = .00000 

S I M U L A T ION DES C RIP T ION (L ABE L) 

PEAK HOUR + FIRE WI 100 GPM 

INFLOW @ NODE 1 

PIP ELI N E RES U L T S 

PIPE NO. NODE NOS. FLOWRATE HEAD LOSS PUMP HEAD MINOR LOSS VELOCITY 
1 0 1 566.06 37.64 .00 .00 
2 1 2 666.06 24.88 .00 .00 
3 2 3 666.06 37.42 .00 .00 
4 3 4 623.63 68.69 .00 .00 
5 4 5 209.43 4.10 .00 .00 
6 5 6 181.14 1.43 .00 .00 
7 6 7 154.58 2.06 .00 .00 
8 4 7 377.16 7.59 .00 .00 
9 7 8 500.00 33.49 .00 .00 

LINE 10 IS CLOSED 
LINE 11 IS CLOSED 

12 1 9 .00 .00 .00 .00 

J U N C T ION NOD E RES U L T S 

JUNCTION NUMBER DEMAND GRADE LINE ELEVATION PRESSURE 
1 -100.00 5442.36 5335.00 46.52 
2 .00 5417.48 5322.00 41.37 
3 42.43 5380.06 5301.00 34.26 
4 37.03 5311.37 5267.00 19.23 
5 28.29 5307.27 5270.00 16.15 
6 26.56 5305.84 5265.00 17.70 
7 31.74 5303.79 5259.00 19.41 
8 500.00 5270.30 5253.00 7.50 
9 .00 5442.36 5460.00 -7.64 

SUMMARY OF I NFL 0 W S AND OUT FLO W S 

(+) INFLOWS INTO THE SYSTEM FROM FIXED GRADE NODES 
(-) OUTFLOWS FROM THE SYSTEM INTO FIXED GRADE NODES 

6.42 
7.56 
7.56 
7.08 
2.38 
2.06 
1.75 
4.28 
5.67 

.00 

HLl1000 
68.18 
92.16 
92.16 
81.58 
10.81 
8.27 
6.16 

32.14 
54.19 

.00 



PIPE NUMBER FLOWRATE 
1 566.06 

NET SYSTEM INFLOW = 566.06 
NET SYSTEM OUTFLOW = .00 
NET SYSTEM DEMAND = 566.06 

D A T A CHANGES FOR N EXT S I M U L A T ION 

DEMAND C HAN G E S 

DEMANDS ARE CHANGED FROM ORIGINAL VALUES BY A FACTOR = 11.50 

THE FOLLOWING SPECIFIC DEMAND CHANGES ARE MADE : 
JUNCTION NUMBER DEMAND 

8 500.00 
1 -100.00 

PIP E PAR A MET E R C HAN G E S 

PIPE NO. NODE NOS. LENGTH DIAMETER ROUGHNESS MINOR LOSS K FIXED GRADE 
9 7 8 618.0 8.0 77.0 .00 5253.00 

************************************* 
S I M U L A T ION RES U L T S 

************************************* 

THE RESULTS ARE OBTAINED AFTER 1 TRIALS WITH AN ACCURACY = .00000 

S I M U L A T ION DES C RIP T ION (L ABE L) 

RESIZE PIPE 9 TO 8 INCHES 

PIP ELI N E R E S U L T S 

PIPE NO. NODE NOS. FLOWRATE HEAD LOSS PUMP HEAD MINOR LOSS VELOCITY HL/1000 
1 0 1 566.06 37.64 .00 .00 6.42 68.18 
2 1 2 666.06 24.88 .00 .00 7.56 92.16 
3 2 3 666.06 37.42 .00 .00 7.56 92.16 
4 3 4 623.63 68.69 .00 .00 7.08 81.58 



5 4 5 209.43 4.10 .00 .00 
6 5 6 181.14 1.43 .00 .00 
7 6 7 154.58 2.06 .00 .00 
8 4 7 377.16 7.59 .00 .00 
9 7 8 500.00 8.25 .00 .00 

LINE 10 IS CLOSED 
LINE 11 IS CLOSED 

12 1 9 .00 .00 .00 .00 

J U N C T ION NOD E RES U L T S 

JUNCTION NUMBER DEMAND GRADE LINE ELEVATION PRESSURE 
1 -100.00 5442.36 5335.00 46.52 
2 .00 5417.48 5322.00 41.37 
3 42.43 5380.06 5301.00 34.26 
4 37.03 5311.37 5267.00 19.23 
5 28.29 5307.27 5270.00 16.15 
6 26.56 5305.84 5265.00 17.70 
7 31.74 5303.79 5259.00 19.41 
8 500.00 5295.54 5253.00 18.43 
9 .00 5442.36 5460.00 -7.64 

SUM MAR Y o F I NFL 0 W SAN D OUT FLO W S 

(+) INFLOWS INTO THE SYSTEM FROM FIXED GRADE NODES 
(-) OUTFLOWS FROM THE SYSTEM INTO FIXED GRADE NODES 

PIPE NUMBER 
1 

FLOWRATE 
566.06 

NET SYSTEM INFLOW = 
NET SYSTEM OUTFLOW = 
NET SYSTEM DEMAND = 

566.06 
.00 

566.06 

D A T A CHANGES FOR N EXT S I M U L A T ION 

DEMAND C HAN G E S 

DEMANDS ARE CHANGED FROM ORIGINAL VALUES BY A FACTOR = 11.50 

THE FOLLOWING SPECIFIC DEMAND CHANGES ARE MADE : 
JUNCTION NUMBER DEMAND 

1 -50.00 
8 500.00 

PIP E PAR A MET E R C HAN G E S 

2.38 10.81 
2.06 8.27 
1.75 6.16 
4.28 32.14 
3.19 13.35 

.00 .00 



PIPE NO. NODE NOS. LENGTH DIAMETER ROUGHNESS MINOR LOSS K FIXED GRADE 
9 7 8 618.0 6.0 77.0 .00 5253.00 

************************************* 
S I M U L A T ION RES U L T S 

************************************* 

THE RESULTS ARE OBTAINED AFTER 2 TRIALS WITH AN ACCURACY = .00000 

S I M U L A T ION DES C RIP T ION (L ABE L) 

BYPASS FILTER FOR FIRE 

(50 GPM ADDED FLOW & 

500 GPM FIRE @ NODE 8) 

PIP ELI N E RES U L T 

PIPE NO. NODE NOS. FLOWRATE 
1 0 1 616.06 
2 1 2 666.06 
3 2 3 666.06 
4 3 4 623.63 
5 4 5 209.43 
6 5 6 181.14 
7 6 7 154.58 
8 4 7 377.16 
9 7 8 500.00 

LINE 10 IS CLOSED 
LINE 11 IS CLOSED 

12 1 9 .00 

S 

HEAD LOSS 
44.03 
24.88 
37.42 
68.69 
4.10 
1.43 
2.06 
7.59 

33.49 

.00 

J U N C T ION NOD E R E 'S U L T S 

JUNCTION NUMBER DEMAND GRADE LINE 
1 -50.00 5435.97 
2 .00 5411.09 
3 42.43 5373.68 
4 37.03 5304.98 
5 28.29 5300.89 
6 26.56 5299.46 
7 31.74 5297.40 
8 500.00 5263.91 
9 .00 5435.97 

PUMP HEAD MINOR LOSS VELOCITY 
.00 .00 6.99 
.00 .00 7.56 
.00 .00 7.56 
.00 .00 7.08 
.00 .00 2.38 
.00 .00 2.06 
.00 .00 1.75 
.00 .00 4.28 
.00 .00 5.67 

.00 .00 .00 

ELEVATION PRESSURE 
5335.00 43.76 
5322.00 38.61 
5301.00 31.49 
5267.00 16.46 
5270.00 13.38 
5265.00 14.93 
5259.00 16.64 
5253.00 4.73 
5460.00 -10.41 

HL/l000 
79.76 
92.16 
92.16 
81.58 
10.81 
8.27 
6.16 

32.14 
54.19 

.00 



SUMMARY o F I NFL 0 W S AND OUT FLO W S 

(+) INFLOWS INTO THE SYSTEM FROM FIXED GRADE NODES 
(-) OUTFLOWS FROM THE SYSTEM INTO FIXED GRADE NODES 

PIPE NUMBER 
1 

FLOWRATE 
616.06 

NET SYSTEM INFLOW = 
NET SYSTEM OUTFLOW = 
NET SYSTEM DEMAND = 

616.06 
.00 

616.06 

D A T A C HAN G E S FOR N EXT S I M U L A T ION 

DEMAND C HAN G E S 

DEMANDS ARE CHANGED FROM ORIGINAL VALUES BY A FACTOR = 3.24 

************************************* 
S I M U L A T ION RES U L T S 

************************************* 

THE RESULTS ARE OBTAINED AFTER 3 TRIALS WITH AN ACCURACY = .00002 

S I M U L A T ION DES C RIP T ION (LABEL) 

FUTURE PEAK DEMAND 

(81,000 GPD OR 

56.25 GPM) 

PIP ELI N E R E S U L T S 

PIPE NO. NODE NOS. FLOWRATE HEAD LOSS PUMP HEAD MINOR LOSS VELOCITY 
1 0 1 56.25 .52 .00 .00 .64 
2 1 2 56.25 .26 .00 .00 .64 
3 2 3 56.25 .38 .00 .00 .64 
4 3 4 44.29 .51 .00 .00 .50 
5 4 5 14.37 .03 .00 .00 .16 
6 5 6 6.40 .00 .00 .00 .07 
7 6 7 -1.08 .00 .00 .00 -.01 

HL/1000 
.95 
.95 
.95 
.61 
.08 
.02 
.00 



8 4 7 19.49 .03 .00 .00 
9 7 8 9.46 .02 .00 .00 

LINE 10 IS CLOSED 
LINE 11 IS CLOSED 

12 1 9 .00 .00 .00 .00 

J U N C T ION NOD E RES U L T S 

JUNCTION NUMBER DEMAND GRADE LINE ELEVATION PRESSURE 
1 .00 5479.48 5335.00 62.61 
2 .00 5479.22 5322.00 68.13 
3 11.96 5478.84 5301.00 77.06 
4 10.43 5478.32 5267.00 91.57 
5 7.97 5478.30 5270.00 90.26 
6 7.48 5478.29 5265.00 92.43 
7 8.94 5478.29 5259.00 95.03 
8 9.46 5478.27 5253.00 97.62 
9 .00 5479.48 5460.00 8.44 

SUMMARY o F I NFL 0 W S AND OUT FLO W S 

(+) INFLOWS INTO THE SYSTEM FROM FIXED GRADE NODES 
(-) OUTFLOWS FROM THE SYSTEM INTO FIXED GRADE NODES 

PIPE NUMBER 
1 

FLOWRATE 
56.25 

NET SYSTEM INFLOW = 
NET SYSTEM OUTFLOW = 
NET SYSTEM DEMAND = 

56.25 
.00 

56.25 

D A T A C HAN G E S FOR N EXT S I M U L A T ION 

DEMAND C HAN G E S 

DEMANDS ARE CHANGED FROM ORIGINAL VALUES BY A FACTOR = 11.50 

THE FOLLOWING SPECIFIC DEMAND CHANGES ARE MADE : 
JUNCTION NUMBER DEMAND 

8 500.00 

PIP E S TAT U S C HAN G E S 

LINE 10 IS OPENED 

.22 .13 

.11 .03 

.00 .00 



************************************* 
S I M U L A T ION RES U L T S 

************************************* 

THE RESULTS ARE OBTAINED AFTER 3 TRIALS WITH AN ACCURACY = .00058 

S I M U L A T ION DES C RIP T ION (L ABE L) 

ADD A LOOP PIPE BETWEEN 

NODES 6 & 8 

PIP ELI N E RES U L T S 

PIPE NO. NODE NOS. FLOWRATE HEAD LOSS PUMP HEAD MINOR LOSS VELOCITY HL/1000 
1 0 1 666.06 50.87 .00 .00 7.56 92.16 
2 1 2 666.06 24.88 .00 .00 7.56 92.16 
3 2 3 666.06 37.42 .00 .00 7.56 92.16 
4 3 4 623.63 68.69 .00 .00 7.08 81.58 
5 4 5 242.43 5.37 .00 .00 2.75 14.18 
6 5 6 214.14 1.95 .00 .00 2.43 11.27 
7 6 7 -100.08 -.92 .00 .00 -1.14 -2.75 
8 4 7 344.17 6.40 .00 .00 3.91 27.13 
9 7 8 212.35 6.86 .00 .00 2.41 11.09 

10 6 8 287.65 5.94 .00 .00 3.26 19.46 
LINE 11 IS CLOSED 

12 1 9 .00 .00 .00 .00 .00 .00 

J U N C T ION NOD E RES U L T S 

JUNCTION NUMBER DEMAND GRADE LINE ELEVATION PRESSURE 
1 .00 5429.13 5335.00 40.79 
2 .00 5404.25 5322.00 35.64 
3 42.43 --5366.83 5301.00 28.53 
4 37.03 5298.14 5267.00 13.49 
5 28.29 5292.77 5270.00 9.87 
6 26.56 5290.82 5265.00 11.19 
7 31.74 5291.74 5259.00 14.19 
8 500.00 5284.88 5253.00 13.81 
9 .00 5429.13 5460.00 -13.38 

SUMMARY o F I NFL 0 W S AND OUT FLO W S 



(+) INFLOWS INTO THE SYSTEM FROM FIXED GRADE NODES 
(-) OUTFLOWS FROM THE SYSTEM INTO FIXED GRADE NODES 

PIPE NUMBER 
1 

FLOWRATE 
666.06 

NET SYSTEM INFLOW = 
NET SYSTEM OUTFLOW = 
NET SYSTEM DEMAND = 

666.06 
.00 

666.06 

D A T A C HAN G E S FOR N EXT S I M U L A T ION 

DEMAND C HAN G E S 

DEMANDS ARE CHANGED FROM ORIGINAL VALUES BY A FACTOR = 11.50 

THE FOLLOWING SPECIFIC DEMAND CHANGES ARE MADE : 
JUNCTION NUMBER DEMAND 

8 500.00 
1 -50.00 

************************************* 
S I M U L A T ION RES U L T S 

************************************* 

THE RESULTS ARE OBTAINED AFTER 2 TRIALS WITH AN ACCURACY = .00000 

S I M U L A T ION DES C RIP T ION (L ABE L) 

ADDED PIPE PLUS 

50 GPM INFLOW 

PIP ELI N E R E S U L T S 

PIPE NO. NODE NOS. FLOWRATE HEAD LOSS PUMP HEAD MINOR LOSS VELOCITY 
1 0 1 616.06 44.03 .00 .00 6.99 
2 1 2 666.06 24.88 .00 .00 7.56 
3 2 3 666.06 37.42 .00 .00 7.56 
4 3 4 623.63 68.69 .00 .00 7.08 
5 4 5 242.43 5.37 .00 .00 2.75 
6 5 6 214.14 1.95 .00 .00 2.43 
7 6 7 -100.08 -.92 .00 .00 -1.14 

HL/l000 
79.76 
92.16 
92.16 
81.58 
14.18 
11.27 
-2.75 



4 7 
7 8 
6 8 

8 
9 

10 
LINE 

12 
11 IS CLOSED 

1 9 

J U N C T ION N 

JUNCTION NUMBER 
1 
2 
3 
4 
5 
6 
7 
8 
9 

344.17 
212.35 
287.65 

.00 

ODE R 

DEMAND 
-50.00 

.00 
42.43 
37.03 
28.29 
26.56 
31.74 

500.00 
.00 

6.40 
6.86 
5.94 

.00 

E S U L T S 

GRADE LINE 
5435.97 
5411.09 
5373.68 
5304.98 
5299.61 
5297.66 
5298.58 
5291.73 
5435.97 

.00 

.00 

.00 

.00 

ELEVATION 
5335.00 
5322.00 
5301.00 
5267.00 
5270.00 
5265.00 
5259.00 
5253.00 
5460.00 

.00 

.00 

.00 

.00 

PRESSURE 
43.76 
38.61 
31.49 
16.46 
12.83 
14.15 
17.15 
16.78 

-10.41 

SUMMARY o F I NFL 0 W S AND OUT FLO W S 

(+) INFLOWS INTO THE SYSTEM FROM FIXED GRADE NODES 
(-) OUTFLOWS FROM THE SYSTEM INTO FIXED GRADE NODES 

PIPE NUMBER 
1 

FLOWRATE 
616.06 

NET SYSTEM INFLOW = 
NET SYSTEM OUTFLOW = 
NET SYSTEM DEMAND = 

616.06 
.00 

616.06 

D A T A C HAN G E S FOR N EXT S I M U L A T ION 

DEMAND C HAN G E S 

DEMANDS ARE CHANGED FROM ORIGINAL VALUES BY A FACTOR = 11.50 

THE FOLLOWING SPECIFIC DEMAND CHANGES ARE MADE : 
JUNCTION NUMBER DEMAND 

8 500.00 
1 -100.00 

************************************* 
S I M U L A T ION RES U L T S 

************************************* 

3.91 
2.41 
3.26 

.00 

27.13 
11.09 
19.46 

.00 



THE RESULTS ARE OBTAINED AFTER 2 TRIALS WITH AN ACCURACY = .00000 

S I M U L A T ION DES C RIP T ION (L ABE L) 

ADD FLOW OF 100 GPM 

AT NODE 1 

PIP ELI N E RES U L T S 

PIPE NO. NODE NOS. FLOWRATE HEAD LOSS PUMP HEAD MINOR LOSS VELOCITY 
1 0 1 566.06 37.64 .00 .00 
2 1 2 666.06 24.88 .00 .00 
3 2 3 666.06 37.42 .00 .00 
4 3 4 623.63 68.69 .00 .00 
5 4 5 242.43 5.37 .00 .00 
6 5 6 214.14 1.95 .00 .00 
7 6 7 -100.08 -.92 .00 .00 
8 4 7 344.17 6.40 .00 .00 
9 7 8 212.35 6.86 .00 .00 

10 6 8 287.65 5.94 .00 .00 
LINE 11 IS CLOSED 

12 1 9 .00 .00 .00 .00 

J U N C T ION NOD E RES U L T S 

JUNCTION NUMBER DEMAND GRADE LINE ELEVATION PRESSURE 
1 -100.00 5442.36 5335.00 46.52 
2 .00 5417.48 5322.00 41.37 
3 42.43 5380.06 5301.00 34.26 
4 37.03 5311.37 5267.00 19.23 
5 28.29 5306.00 5270.00 15.60 
6 26.56 5304.05 5265.00 16.92 
7 31.74 5304.97 5259.00 19.92 
8 500.00 5298.11 5253.00 19.55 
9 .00 5442.36 5460.00 -7.64 

SUMMARY o F I NFL 0 W SAN D OUT FLO W S 

(+) INFLOWS INTO THE SYSTEM FROM FIXED GRADE NODES 
(-) OUTFLOWS FROM THE SYSTEM INTO FIXED GRADE NODES 

PIPE NUMBER FLOWRATE 

6.42 
7.56 
7.56 
7.08 
2.75 
2.43 

-1.14 
3.91 
2.41 
3.26 

.00 

HL/l000 
68.18 
92.16 
92.16 
81.58 
14.18 
11.27 
-2.75 
27.13 
11.09 
19.46 

.00 



1 566.06 

NET SYSTEM INFLOW = 
NET SYSTEM OUTFLOW = 
NET SYSTEM DEMAND = 

566.06 
.00 

566.06 

D A T A C HAN G E S FOR N EXT S I M U L A T ION 

D E MAN D C HAN G E S 

DEMANDS ARE CHANGED FROM ORIGINAL VALUES BY A FACTOR = 11.50 

THE FOLLOWING SPECIFIC DEMAND CHANGES ARE MADE : 
JUNCTION NUMBER DEMAND 

8 500.00 

PIP E S TAT U S C HAN G E S 

LINE 11 IS OPENED 

************************************* 
S I M U L A T ION RES U L T S 

************************************* 

THE RESULTS ARE OBTAINED AFTER 3 TRIALS WITH AN ACCURACY = .00127 

S I M U L A T ION DES C RIP T ION (L ABE L) 

ADD PIPE LOOP BETWEEN 

NODES 3 & 5 

PIP ELI N E R E S U L T S 

PIPE NO. NODE NOS. FLOWRATE HEAD LOSS PUMP HEAD MINOR LOSS VELOCITY 
1 0 1 666.06 50.87 .00 .00 7.56 
2 1 2 666.06 24.88 .00 .00 7.56 
3 2 3 666.06 37.42 .00 .00 7.56 
4 3 4 339.32 22.25 .00 .00 3.85 
5 4 5 43.30 .22 .00 .00 .49 
6 5 6 299.32 3.62 .00 .00 3.40 
7 6 7 -23.68 -.06 .00 .00 -.27 

HL/l000 
92.16 
92.16 
92.16 
26.43 

.58 
20.95 
-.19 



8 4 7 258.99 3.78 .00 .00 
9 7 8 203.56 6.34 .00 .00 

10 6 8 296.44 6.28 .00 .00 
11 3 5 284.31 22.47 .00 .00 
12 1 9 .00 .00 .00 .00 

J U N C T ION NOD E RES U L T S 

JUNCTION NUMBER DEMAND GRADE LINE ELEVATION PRESSURE 
1 .00 5429.13 5335.00 40.79 
2 .00 5404.25 5322.00 35.64 
3 42.43 5366.83 5301.00 28.53 
4 37.03 5344.58 5267.00 33.62 
5 28.29 5344.36 5270.00 32.22 
6 26.56 5340.73 5265.00 32.82 
7 31.74 5340.80 5259.00 35.44 
8 500.00 5334.46 5253.00 35.30 
9 .00 5429.13 5460.00 -13.38 

SUMMARY o F I NFL 0 W SAN D OUT FLO W S 

(+) INFLOWS INTO THE SYSTEM FROM FIXED GRADE NODES 
(-) OUTFLOWS FROM THE SYSTEM INTO FIXED GRADE NODES 

PIPE NUMBER 
1 

FLOWRATE 
666.06 

NET SYSTEM INFLOW = 
NET SYSTEM OUTFLOW = 
NET SYSTEM DEMAND = 

666.06 
.00 

666.06 

D A T A C HAN G E S FOR N EXT S I M U L A T ION 

D E MAN D C HAN G E S 

DEMANDS ARE CHANGED FROM ORIGINAL VALUES BY A FACTOR = 11.50 

THE FOLLOWING SPECIFIC DEMAND CHANGES ARE MADE : 
JUNCTION NUMBER DEMAND 

8 500.00 

PIP E S TAT U S C HAN G E S 

LINE 10 IS CLOSED 

2.94 16.02 
2.31 10.26 
3.36 20.58 
3.23 19.05 

.00 .00 



************************************* 
S I M U L A T ION RES U L T S 

************************************* 

THE RESULTS ARE OBTAINED AFTER 3 TRIALS WITH AN ACCURACY = .00238 

S I M U L A T ION DES C RIP T ION 

ADD PIPE BETWEEN 3 & 5 

Wi NO PIPE BETWEEN 

NODES 6 & 8 

PIP ELI N E R E S U L T S 

(L ABE L) 

PIPE NO. NODE NOS. FLOWRATE HEAD LOSS PUMP HEAD MINOR LOSS VELOCITY 
1 0 1 666.06 50.87 .00 >. .00 7.56 
2 1 2 666.06 24.88 .00 .00 7.56 
3 2 3 666.06 37.42 .00 .00 7.56 
4 3 4 340.37 22.38 .00 .00 3.86 
5 4 5 -21.56 -.06 .00 .00 -.24 
6 5 6 233.40 2.29 .00 .00 2.65 
7 6 7 206.84 3.53 .00 .00 2.35 
8 4 7 324.90 5.76 .00 .00 3.69 
9 7 8 500.00 33.49 .00 .00 5.67 

LINE 10 IS CLOSED 
11 3 5 283.26 22.32 .00 .00 3.21 
12 1 9 .00 .00 .00 .00 .00 

J U N C T ION NOD E RES U L T S 

JUNCTION NUMBER DEMAND GRADE LINE ELEVATION PRESSURE 
1 .00 5429.13 5335.00 40.79 
2 .00 5404.25 5322.00 35.64 
3 42.43 5366.83 5301.00 28.53 
4 37.03 5344.45 5267.00 33.56 
5 28.29 5344.51 5270.00 32.29 
6 26.56 5342.22 5265.00 33.46 
7 31.74 5338.69 5259.00 34.53 
8 500.00 5305.21 5253.00 22.62 
9 .00 5429.13 5460.00 -13.38 

SUMMARY o F I NFL 0 W S AND OUT FLO W S 

HL/1000 
92.16 
92.16 
92.16 
26.58 
-.16 

13.22 
10.57 
24.39 
54.19 

18.92 
.00 



(+) INFLOWS INTO THE SYSTEM FROM FIXED GRADE NODES 
(-) OUTFLOWS FROM THE SYSTEM INTO FIXED GRADE NODES 

PIPE NUMBER 
1 

FLOWRATE 
666.06 

NET SYSTEM INFLOW = 
NET SYSTEM OUTFLOW = 
NET SYSTEM DEMAND = 

666.06 
.00 

666.06 

D A T A C HAN G E S FOR N EXT S I M U L A T ION 

DEMAND C HAN G E S 

DEMANDS ARE CHANGED FROM ORIGINAL VALUES BY A FACTOR = 11.50 

THE FOLLOWING SPECIFIC DEMAND CHANGES ARE MADE : 
JUNCTION NUMBER DEMAND 

9 1.00 

************************************* 
S I M U L A T ION RES U L T S 

************************************* 

THE RESULTS ARE OBTAINED AFTER 2 TRIALS WITH AN ACCURACY = .00365 

S I M U L A T ION DES C RIP T ION (L ABE L) 

-..,. ... , .......... - .......... r"\ ... .,.,.,.......... T"'\~~Ir"". ,.,TT-\ 
nuU \.....n.l.·J..L· Ul.\.VU.L'~ J.JWJ.·J..C~.'J.J 

PIP ELI N E R E S U L T S 

PIPE NO. NODE NOS. FLOWRATE HEAD LOSS PUMP HEAD MINOR LOSS VELOCITY 
1 0 1 200.64 5.51 .00 .00 2.28 
2 1 2 199.64 2.67 .00 .00 2.27 
3 2 3 199.64 4.02 .00 .00 2.27 
4 3 4 85.73 1.74 .00 .00 .97 
5 4 5 2.50 .00 .00 .00 .03 
6 5 6 45.68 .11 .00 .00 .52 
7 6 7 19.11 .04 .00 .00 .22 
8 4 7 46.21 .16 .00 .00 .52 

HL/l000 
9.99 
9.90 
9.90 
2.07 

.00 

.64 

.13 

.66 



7 8 33.58 9 
LINE 

11 
12 

10 IS CLOSED 
3 5 
1 9 

J U N C T ION 

JUNCTION NUMBER 
1 
2 
3 
4 
5 
6 
7 
8 
9 

71.47 
1.00 

NOD E R 

DEMAND 
.00 
.00 

42.43 
37.03 
28.29 
26.56 
31.74 
33.58 
1.00 

.23 

1.74 
.08 

E S U L T S 

GRADE LINE 
5474.49 
5471.81 
5467.80 
5466.06 
5466.06 
5465.94 
5465.90 
5465.68 
5474.41 

.00 

.00 

.00 

ELEVATION 
5335.00 
5322.00 
5301.00 
5267.00 
5270.00 
5265.00 
5259.00 
5253.00 
5460.00 

.00 

.00 

.00 

PRESSURE 
60.44 
64.92 
72.28 
86.26 
84.96 
87.08 
89.66 
92.16 
6.24 

SUMMARY o F I NFL 0 W SAN D OUT FLO W S 

(+) INFLOWS INTO THE SYSTEM FROM FIXED GRADE NODES 
(-) OUTFLOWS FROM THE SYSTEM INTO FIXED GRADE NODES 

PIPE NUMBER 
1 

FLOWRATE 
200.64 

NET SYSTEM INFLOW = 
NET SYSTEM OUTFLOW = 
NET SYSTEM DEMAND = 

200.64 
.00 

200.64 

**** KYPIPE SIMULATION COMPLETED **** 

DATE: 9/17/1991 
TIME: 11:17: 2 

.38 

.81 

.10 

.36 

1.48 
.04 
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