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GENERAL 

CHAPTER I 

INTRODUCTION 

The Town of Greybull is located in Big Horn County in north

central Wyoming at the intersection of Highway 20 and Highway 14, as 

shown on Figure I.1. The Town lies on the banks of the Big Horn River 

which drains the Big Horn Basin. The Big Horn Basin is a north-to

south river basin bordered on the east by the Big Horn Mountains and on 

the west by the Owl Creek and Absaroka Mountains. 

The climate in the project area is arid with an average 

precipitation of about 6.8 inches/year. Approximately 60 percent of 

the precipitation occurs during the April to August period in the form 

of rainfall. The normal period of +40°F mean daily temperature occurs 

from March 31 through October 28 each year. The typical frost-free 

period is 135 days. 

The economy of the study area is generally agricultural. Also, 

mining operations of various sizes extract materials such as bentonite 

from the outlying area. The Burlington-Northern Railroad has a yard on 

the west side of Greybull. Tourism plays a part in the local economy 

since Highway 20 is a main route to the east entrance of Yellowstone 

National Park. 

WATER SUPPLY 

The Town of Greybull, the community of Shell, and intervening 

rural users are all served by a common water supply system. The system 

has evolved over a long period of time. At present, the sources of 

supply are both surface water and groundwater. The former source is 

Shell Creek, and the latter source(s) are Shell Valley No. 1 and No. 2 

Wells. The Point of Diversion on Shell Creek is about three miles east 

of Shell and the Shell Valley Wells are situated about 3,000 feet 

southeast of the Community of Shell. 
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The rural users are organized as the Shell Valley Watershed 

Improvement District. During implementation of the Shell Valley Wells 

into the system, the District and Town of Greybull reached written 

agreement whereby the Town agreed to furnish twenty-five percent of the 

water produced from the wells. 

On December 9, 1993, the United States Environmental Protection 

Agency (EPA) issued a Notice of Violation (NOV), Appendix A, to the 

Town of Greybull. The NOV cited the water supply system for violation 

of the Surface Water Treatment Rule (SWTR), Appendix B. Essentially, 

EPA indicated the Town must comply with the SWTR and provided eighteen 

months for implementation. The Town has continued using Shell Creek 

water in combination with their groundwater supply, but has initiated a 

study effort to evaluate the various options available to them for an 

acceptable future water supply. 

PURPOSE 

The purpose of this Level II study is to ascertain the most cost

effective means acceptable to the Community of providing potable water 

for consumers served by the system. In order to meet that intent, two 

objectives have been identified: 

A. Determine a feasible methodology for the Town to comply with 

provisions of the EPA Notice of Violation. 

B. Verify the capability of the existing transmission line to 

convey the water required to meet future needs. 

To meet the foregoing objectives required completion of numerous 

tasks and evaluation of various system components. Discussion of each 

is presented in the body of this report. 
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AUTHORIZATION 

In an effort to conduct a thorough evaluation of their water 

supply options, the Town of Greybull sought assistance from the Wyoming 

Water Development Commission (WWDC). 

In June 1995, the Wyoming Water Development Commission entered 

into an engineering services agreement with Nelson Engineering, Inc. of 

Jackson, Wyoming to provide professional engineering services for 

completion of a Level II Feasibility Study for the Greybull Water 

Supply Project. 
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GENERAL 

CHAPTER II 

REGULATORY REQUIREMENTS 

In Wyoming, there are two regulatory agencies that govern 

municipal water supply and distribution systems. First, the United 

States Environmental Protection Agency (EPA) governs supply sources and 

treatment through the Safe Drinking Water Act (1986 Amendments). EPA 

has retained primacy for monitoring operations of water supply systems. 

Second, the Wyoming Department of Environmental ,Quality (WDEQ) has set 

standards for treatment plant locations and capacities as well as 

distribution system requirements such as storage capacity and waterline 

sizing. They have also set standards for sizing and locating wells. 

Both regulatory agency requirements must be met to construct and 

operate a municipal water supply system in Wyoming. 

FEDERAL REGULATIONS 

Municipal water supplies are regulated by the EPA under the 

provisions of the Safe Drinking Water Act - 1986 Amendments. Several 

rules governing operation and water quality requirements have been 

promulgated. Most noteworthy is the Surface Water Treatment Rule 

(SWTR), which states that surface water supplies or groundwater under 

the influence of surface water must be filtered or closely controlled. 

The Total Coliform Rule also directly affects policies, administration 

and operation of the Greybull system. 

The EPA's Surface Water Treatment Rule dictates types of 

treatments as well as levels of contaminant removal from surface water 

before use as a drinking water. Any municipal water treatment plant 

must be capable of meeting the EPA's requirements for filtered public 

water systems under this rule. The objective of the treatment plant is 

twofold. First, the removal or inactivation of at least 99.9% (3-log) 

of Giardia lamblia cysts. Second, the removal or inactivation of at 

least 99.99% (4-log) of viruses. The objectives may be met through a 

combination of disinfection and approved filtration. The EPA 

recognizes conventional filtration treatment, slow sand filtration, and 

diatomaceous earth filtration as acceptable forms of filtration. The 
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EPA also realizes that new treatment technologies are being developed 

and will allow these new treatments if it can be proven to meet 

requirements. The proof can come only through pilot plant studies or 

other means such as data from plants already in use. 

The municipality may avoid the filtration requirements by 

implementing a system of control to prevent water source contamination. 

Such a system includes a strict water monitoring program, control of 

land use, and development in the entire surface water drainage, and be 

subject to periodic review and approved by the EPA. 

A copy of the SWTR from the Federal Register is included in 

Appendix B. 

The Total Coliform Rule holds water purveyors responsible for 

delivering potable water to the consumer's point of use. 

The Town of Greybull was notified by the EPA on December 9, 1993, 

that the infiltration gallery on Shell Creek was under direct influence 

of surface water. This means that the Town's water supply is subject 

to the Surface Water Treatment Rule (SWTR). The only options available 

for compliance are filtration of the surface water, watershed 

management, or switch to another water source. 

STATE REGULATIONS 

Although Wyoming gives primacy to the EPA, the WDEQ has 

implemented regulations governing the location, system sizing, and 

redundancy of municipal water treatment plants. Also, the WDEQ has set 

forth number and capacity requirements for groundwater wells and 

minimum storage capacities for finished water. If water sources are 

modified, the Wyoming Department of Environmental Quality (DEQ) 

regulations on source quantity and storage must be fulfilled. The 

following are excerpts from WDEQ regulations concerning water treatment 

plants and wells. 
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Chapter XII, Section 8(d) 
(i) Multiple Units. Treatment facilities with 100,000 

gal/day capacity and over shall provide duplicate units, as a 
minimum, for chemical feed, flocculation, sedimentation, 
filtration and disinfection. Treatment facilities under 100,000 
gpd capacity shall provide duplicate units as described above or 
may provide finished water system storage equal to twice the 
maximum daily demand. 

(ii) Multiple Equipment. All treatment facility pumping 
shall provide the maximum daily flow with the largest single unit 
not in service. Finished water pumping in combination with 
finished water storage that floats on the distribution systems 
shall provide the maximum hour flow with the single largest unit 
not in service. When fire protection is provided, pumping and 
finished water storage that floats on the system shall provide the 
fire demand plus the maximum daily demand, or the maximum hour 
demand, whichever is greater. 

(iii) Alternative Power Source. Where the finished water 
storage volume that floats on the distribution system is not 
capable of supplying the maximum daily demand, an alternative 
power shall be provided for the finished water pumps. The 
combined finished water storage volume and pumping capacity 
supplied by alternative power shall be at least adequate to 
provide the maximum daily demand. Acceptable alternative power 
sources include an engine generator, engine drive pumps, or a 
second independent electrical supply. 

Chapter XII, Section 9(b) 
(i) Number and Capacity. The total developed groundwater 

source, along with other sources, shall provide a combined 
capacity that shall equal or exceed the design maximum daily 
demand. A minimum of two wells, or one well and finished water 
storage equal to twice the maximum daily demand shall be provided. 
Where two wells are provided, the sources shall be capable of 
equaling or exceeding the design average daily demand with the 
largest producing well out of service. 
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GENERAL 

CHAPTER III 

EXISTING WATER FACILITIES 

Users of the Greybull water system have historically used water 

from Shell Creek for drinking water. The means of conveyance has 

changed over the years from an open channel to a steel pipe and 

currently a combination of older 12-inch diameter and 14-inch diameter 

asbestos cement (AC) pipe built in 1974. In the early to mid-1980's, 

groundwater wells were drilled in attempts to supplement the surface 

water and met with varied degrees of success. Currently, two wells 

near the Town of Shell are used for adding drinking water to the 

system, Shell Valley No. 1 and Shell Valley No.2. 

EXISTING POPULATION AND DEMAND 

Growth in Big Horn County occurred in the 1900's and 1910's when 

the county grew to over 12,000 people. Since then, the county 

population has fluctuated between 10,000 and 13,000, and is currently 

at 10,760. The Town of Greybull's population went through the same 

growth pattern as the county. Census data going back to the 1940's 

show the Town's population ranging between 1,800 and 2,300 and is 

presently at 1,821. This estimate is for people living within the 

Town's corporate limits. Population estimates for the Town of Greybull 

were readily available through the State of Wyoming Administration and 

Information Division of Economic Analysis. However, estimates for the 

remainder of the service area were almost non-existent. The Big Horn 

County Clerk had one report that showed information concerning the 

Shell Valley and Greybull but did not use existing boundaries such as 

Town limits. However, this report did cover the entire district and 

correlated with the census estimates. 
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The County Clerk's report shows the population of Greybull and the 

adjoining areas from two miles north and south and five miles east and 

west of Town to be 2,233. Shell Valley, covering the area from five 

miles east of Greybull to the mountains, is estimated at 447 people. 

Adding these two productions together, the service area's population 

can best be estimated as 2,680 people. 

Water consumption for the service area was analyzed in two ways, 

billing records and production records. The billing records provided 

by the Town date back to 1991 and show the amount of water for which 

the Town billed consumers. A summary of these records is shown in 

Table III.l. The table shows the average day demand (ADD) at 198 

gallons per capita per day (gpcd). By comparison with other similar 

communities, Table III.2, this level of consumption is low. 

Production records were examined for a comparison to the billing 

records. The master meter at the chlorination building has been out of 

commission for months at a time, consequently, production records are 

incomplete. Where records were available, average monthly production 

was calculated for each month based on data over the past five years. 

Some months had more data available than others, so any given average 

month could include one to five years of data for that month. Table 

111.3 shows the monthly average production for the infiltration gallery 

and wells. According to the production records, the average day demand 

is 541 gpcd. This level of consumption by comparison to other 

communities, is very high. 

The difference between billing records and production records 

raises questions about the reliability of the data or the system. For 

the billing records, the problem arises in the fact that not all water 

consumption was being reported. Schools, parks, public museums and the 

Town buildings were not metered and, therefore, not included in the 

billing records. The Town has taken steps to remedy this problem. 

Individual meters have been installed on all service taps, and will be 

routinely read in the future, even though the consumer may not be 

billed. The production records should be more accurate in reflecting 

water use, but the records show consumption levels at approximately 

twice the consumption of similar communities. This high production is 
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necessary apparently to keep up with demand and unaccounted-for lost 

water. One area of wasted, but unaccounted-for water, is at the 

overflow on the 1.0 MG tank. The manner in which the tank water level 

is controlled allows long recurring overflows of several hundred 

gallons per minute. This lost water is measured on the production 

meters, but never accounted for thereafter. Another area of 

unaccounted-for water is in transmission line leaks. Although no 

specific leaks were detected during this study, it is strongly 

suspected that some exist. It appears from hydraulic gradeline 

analysis, that a major leak or leaks exist between the chlorination 

facility and Shell. Evaluation of consumption was hampered by the lack 

of a working water meter at the inlet to the Greybull water tank. 

Recommendations to rectify these deficiencies will be discussed later 

in this report. 

Due to the problems in quantifying water consumptions in the 

service area, a comparison to similar communities is necessary. Table 

111.2 shows water consumption in similar towns on the Average Day 

Demand and Maximum Day Demand. 

Table III.1 - Total Water Oseaqe (Billed) 

Shell Rural Greybull Total Daily Flow ADD MOD 
gal/month gal/month gal/month gal/month gpd gpm gpcd gpcd 

236,500 1,392,000 6,545,500 8,174,000 263,677 183 98 
213,000 1,325,500 5,642,000 7,180,500 256,446 178 96 
209,500 1,372,500 6,082,500 7,664,500 247,242 172 92 
259,000 1,609,000 8,737,500 10,605,500 353,517 245 132 
546,000 2,610,500 16,178,000 19,334,500 623,694 433 233 
836,500 3,043,000 21,360,000 25,239,500 841,317 584 314 
792,000 3,342,000 27,313,000 31,447,000 1,014,419 704 379 
792,500 3,648,500 29,883,500 34,324,500 1,107,242 769 413 
570,000 2,519,500 21,425,500 24,515,000 817,167 567 305 
299,500 1,307,000 9,598,500 11,205,000 361,452 251 135 
213,000 1,137,500 5,954,500 7,305,000 243,500 169 91 
159,500 812,500 5,316,000 6,288,000 202,839 141 76 

Annual (gal) 193,283,000 529,542 368 198 494 
Summer (gal) 134,860,500 881,441 612 329 
Winter (gal) 58,422,500 275,578 191 103 

Based on Town of Greybull's Billing records. 
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Table 111.2. Community Water Use Comparison 

Peaking 
Population ADD (gpcdl MDD (gpcdl Factor 

Glenrock 2200 230 575 2.50 
Jackson 5978 430 1054 2.45 
Buffalo 3300 259 789 3.04 
Dubois 1000 300 780 2.6 
Riverside/ 

Encampment 600 300 780 2.6 

Table III.3 Total Water Production 

Gall.ery Well 1 Well 2 Total Daily Flow ADD MOD 
gal/month gal/month gal/month gal/month gpd gpm gpcd gpcd 

Jan 36,544,807 2,336,320 3,100,404 41,981,532 1,354,243 940 505 
Feb 38,045,599 1,913,525 2,412,804 42,371,927 1,513,283 1,051 565 

Mar 34,667,677 1,770,323 2,183,777 38,621,777 1,245,864 865 465 
Apr 34,136,733 1,794,902 2,290,902 38,222,537 1,274,085 885 475 
May 43,717,172 1,806,852 2,574,848 48,098,873 1,551,577 1,077 579 
Jun 43,230,172 2,175,616 3,897,974 49,303,762 1,643,459 1,141 613 
Jul 43,489,993 2,020,540 4,483,627 49,994,160 1,612,715 1,120 602 
Aug 41,756,736 2,442,312 11,705,228 55,904,275 1,803,364 1,252 673 
Sep 31,258,940 3,675,684 10,266,020 45,200,644 1,506,688 1,046 562 
Oct 34,714,228 2,856,312 8,040,751 45,611,291 1,471,332 1,022 549 
Nov 31,833,607 2,100,865 2,205,421 36,139,893 1,204,663 837 450 
Dec 34,697,449 1,689,042 1,066,264 37,452,754 1,208,153 839 451 

Annual (gal) 528,903,424 1,449,050 1,006 541 1,352 

Summer (gal) 248,501,714 1,624,194 1,128 606 
Winter (gal) 280,401,711 1,322,650 919 494 

Based on records kept by the Town of Greybull 
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Figure III.2 Water Production vs. Bi11inq 
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Even though billing records for Greybull indicate an ADD of 

198 gpcd, after reviewing other communities, it is felt a 

consumption of 270 gpcd is more realistic. To arrive at Maximum 

Day Demand, a peaking factor of 2.5 seems appropriate, again 

based on review of other communities' characteristics. 
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WATER RIGHTS 

The Town of Greybull has a range of water rights that 

includes surface water from Shell Creek and the Big Horn River as 

well as groundwater from Shell No. 1 and No. 2 Wells. A 

tabulation of the water rights and related information is 

included in Table 111.4. 

Table 111.4. Water Rights 

Permit No. 

430 
7038 Enl. 
23241 

UW75583 
UW75584 
UW62476 

Location 

Shell Creek 
Shell Creek 
Big Horn River 
Shell Creek Res. 
Shell Valley No. 2 
Shell Valley No. 1 
Greybull No. 1 

Priority Date 

March 7, 1893 
November 5, 1991 
February 19, 1962 

September 29, 1985 
September 29, 1985 
October 12, 1982 

Amount 

1.326 cfs 
17.85 cfs 
2.0 cfs 
375 ac-ft 
1200 gpm 
300 gpm 
Canceled 

Shell Creek flows during the critical summer months range 

from 160 cfs in July to 100 cfs in August. The 1893 water right, 

Permit No. 430, is very secure during these summer months because 

the more senior rights only total 40 cfs. However, the right of 

17.85 cfs will not be available during periods of high water use. 

The only other water available is the stored water in Shell 

Reservoir which after transportation losses, will total 206 acre

feet. 

In 1982, the Town of Greybull attempted to supplement the 

Shell Creek water supply with groundwater. A well, known as the 

Greybull Well No.1, or the Grey Well, was drilled near the 

Whaley Cemetery approximately midway between Greybull and Shell. 

However, the water obtained from this well was extremely limited 

and of poor quality, thus abandoned. 
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The Shell Valley Wells No. 1 and No.2, also known as the 

Trapper Wells, were drilled in 1985 to supplement the Town's 

water supply. Both wells are artesian wells drilled into the 

Madison and Big Horn Formation, completed to depths of 2440' and 

3379', respectively. Both wells were completed with a 9 5/8-inch 

casing. At this time, the wells are used only when the pressure 

drops in the distribution system causing the control tank (Shell 

Tank) to drop. When this occurs, the well valves open and allow 

the wells to flow. Shell Valley No. 1 flows at 350 gpm and Shell 

Valley No. 2 at 1250 gpm for a short period until the tank fills 

and the valves automatically close. Water quality data from 

samples collected upon well completion from the wells indicates 

the groundwater to be an excellent source for municipal water. 

SYSTEM INVENTORY 

The water system has two tanks, 1.0 MG and 0.35 MG, that 

float on the distribution system. The 1.0 MG tank is located 

just east of Greybull and was built in the late 1960's. The 0.35 

MG tank built in the mid-1980's, serves as storage and control 

for the Shell Valley Wells just outside of Shell. Both tanks 

were evaluated in 1995 by Liquid Engineering from Montana. 

Liquid Engineering sent divers with video camera into the storage 

tanks while the tanks were full, thus maintaining service. Video 

of the tank floor, welds, intake and outlet, walls and roof were 

taken for later analysis. Also, the tanks were cleaned of silt, 

sand, and other debris that normally builds up in storage tanks. 

The Greybull tank is in good shape for a tank that is nearly 

30 years old. The coating inside the tank is showing signs of 

damage from rusting and blistering and is in need of some minor 

repairs, but is in good condition overall. Structurally, the 

tank is still in good condition as well. The Shell Tank is in 

very good condition, which is expected for a tank built in the 

last 10 years. Some minor rust and blistering was found in the 

coating, and again could be repaired with some minor work. 
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Both tanks respond directly to the distribution system, 

serving as storage for maximum day demand and fire flow 

conditions, and providing water pressure regulation for services. 

The Greybull tank is operated at varied levels depending on 

demand. During summer months, the water level in the tank rises 

and falls inversely with the demand. Generally, the tank fills 

and begins to overflow at night and then drops during the day. 

During the winter months, the flow from the transmission line is 

higher than the demand and the extra water overflows the tank. 

The Shell Tank responds to demand in part of Shell and on 

pressure in the transmission line in Shell. As the demand 

increases, the pressure in the transmission line decreases and 

water is taken from the shell Tank into the system. However, due 

to the placement of some private pressurizing systems, the low 

water level in the Shell Tank is set at only 1.5 feet below full. 

Hence, only five percent of the tank can be utilized without 

complaints from consumers. When the water reaches the low water 

level setting, the altitude valves on the two wells open allowing 

a combined 1550 gpm to enter the tank. The tank fills in 

approximately 10 minutes and the valves automatically turn off. 

Approximately three miles east of Shell is an infiltration 

gallery that collects water from below Shell Creek. Built in 

1974, replacing a previous infiltration gallery, it consists of a 

15-inch diameter perforated asbestos cement pipe. Water from the 

ground under Shell Creek enters the pipe and is transported to 

the main transmission line by gravity. The transmission line, 

also built in 1974, consists mostly of a 14-inch AC pipe and 

replaced the old 8 and 12-inch pipe. However, not all of the 

pipe was replaced as shown in the hydraulic grade line drawings 

in Appendix D. 

III-9 



This transmission line nearly parallels Highway 14 until it 

enters Shell. At this point, the 12-inch PVC waterline from the 

Shell Tank ties into the transmission line. From the connection 

of the two sources, the transmission line continues on to the 

Greybull Tank approximately 13 miles away. 

The entire system is gravity fed from the infiltration 

gallery and the Shell Tank. But, at some places, the pressure 

must be controlled and reduced due to changes in elevation. On 

the 12-inch PVC line, from the Shell Tank, a pressure-reducing 

valve (PRV) maintains the downstream pressure by controlling the 

flow from the tank. The purpose of this valve is to match the 

pressure from the infiltration gallery and the Shell Tank and 

ensure drawing water from both lines. This PRV is commonly known 

as the Shell PRV. There are two other PRV's on the main 

transmission line. First, approximately five miles east of the 

Greybull Tank, is the Lucas PRV which reduces line pressure 

before the transmission line enters Sheldon Gulch. The second 

PRV is just before the Greybull Tank and reduces pressure to a 

level that will fill the tank. 

Also, on the transmission line, are a series of line valves 

that can be used to shut down the flow in the transmission line. 

These lines and their locations are in Table 111.5. All of these 

line valves are gate valves. 

Table III.S. Line Valves. 

Station Valve Type COllDDon Name Location 

187+56 Gate Valve Smith Valve Shell 
404+74 Gate Valve Whaley Valve Whaley Cemetery 
609+49 Gate Valve Lucas Valve East of Sheldon Gulch 
684+44 Gate Valve Bottom of Scharen Gulch 
865+55 Gate Valve Greybull Tank Valve Vault A 
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Currently, the Smith Valve and the Whaley Valve are adjusted 

to maintain pressure in the transmission line. 

Periodically, along the transmission line are air release 

and blowoff valves at high and low points, respectively. These 

valves, a list of which is included in Appendix F, are in various 

states of repair. The air release valves, whose purpose is to 

prevent air pockets from building up in a waterline, thus 

reducing efficiency, are mostly in need of replacement because of 

rust damage to the outside of the valves. This .rust damage has 

occurred when water, either groundwater or irrigation water 

enters the culvert housing the valves and submerges the valve. 

Some valves were observed to be underwater while others showed 

evidence of being submerged. 

The blowoff valves, located at low points on the 

transmission line, serve as release pOints for water in the line. 

When the line is shut down for repairs, the blowoff valves are 

opened to drain the pipe to ease repairs. Again, a listing of 

the valves is contained in Appendix F. During the study, a 

survey of the air valves and blowoff valves confirmed that some 

valves shown on the construction plans were no longer existing. 
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SELECTED PHOTOGRAPHS 
GREYBULL TRANSMISSION SYSTEM 
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Greybull No . 1 
Well Head 

Near Sta. 405+20 

Pressure Reducing Valve Fr om Shell No. 2 (2 - 8) 
Well Chlorination Building 
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New Air Vacuum Valve 
Sta . 273+84 

Typical Blowoff Valve and Line Valve 
Sta . 684+40 
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Leaking Air Valve with Standpipe 
Sta. 610+02 

Leaking Air Valve with Culvert Damage 
Sta . 592+83 
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Typical Rusted Air Valve 
Val-Matic Sta . 538+02 

Typical Rusted Air Valve 
APCO Sta . 885+81 
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CHAPTER IV 

EVALUATION OF GROUND WATER ALTERNATIVES 

GENERAL 

As discussed in the previous sections, the Town of Greybull 

has historically utilized a surface water supply source from 

Shell Creek to provide the majority of its municipal water 

supply. On the basis of the EPA mandate to either treat the 

surface water prior to delivery or develop an alternate supply 

of water, the Town and the WWDC directed Nelson Engineering and 

their subcontractor, Lidstone & Anderson, Inc. to investigate 

water supply alternatives, which might ensure long term 

compliance with federal and state regulations. 

Since the early 1980's, the Town has attempted to develop 

a ground water supply to supplement the surface water supply 

source. Three ground water wells have been completed and they 

include Shell No.1, Shell No.2, and Greybull No.1. Shell 

Nos. 1 and 2 are currently online and provide source water to 

supplement the existing municipal surface water system. The 

Grey Well was completed but, because of its inability to meet 

any limited demand, was never placed in beneficial use. The 

Grey Well permit was canceled in 1983. The completion history 

and the production capabilities of these wells are presented in 

the following sections. 

The purpose of the ground water investigation was to 

evaluate: (1) the existing production status of the Town wells; 

(2) the impact of 10 year's limited production on the 

capabilities of the two producing wells; (3) the potential of 

these wells to serve as the sole water supply source for the 

Town of Greybull; (4) design and construction alternatives to 

augment the ground water supply and meet future long term water 

demands and EPA regulatory requirements. 
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EXISTING PRODUCTION CAPABILITIES 

Geologic Setting and Well Completion History: Greybull No. 

1 (Grey Well) - The Grey Well is located approximately nine 

miles east of Greybull on the original Highway 14 to Shell. It 

was constructed in January, 1983, to supplement the local 

municipal water supply taken from Shell Creek. The well permit 

filed with the State Engineer's Office indicates an artesian 

flow of 85 gpm with a shut-in pressure of 205 psi. This flow 

was disappointing, and the permit was subsequently canceled. 

Geophysical logs of the well were terminated at a depth of 2,587 

feet where borehole caving had occurred. Because of this, 

questions have arisen regarding the accuracy of the drilling log 

and the well completion information. It is currently assumed 

that the borehole was not cased all the way into the Madison 

Limestone, permitting caving of the Amsden Formation and causing 

a reduction in discharge from deeper aquifers. Since 

rehabilitation of the Grey Well has been targeted as a potential 

remedy for water shortages, a geologic reevaluation of the well 

was deemed necessary. 

The well site is mapped by the Geological Survey of Wyoming 

(WGS) as being approximately 600 feet southwest of a regional 

synclinal axis (Manahl, 1985). The fold trends generally west

northwest, and nearby dip measurements are between five and nine 

degrees to the northeast. The wellhead location is mapped as 

Quaternary terrace deposits underlain by the Mowry Shale. The 

next oldest stratigraphic unit is the Thermopolis Shale, which, 

in turn, is underlain by the Cloverly Formation. Given the 

amount of regional control exhibited on the WGS map, it is 

reasonable to assume that the first formation encountered 

beneath the alluvium would be the Mowry Shale or, possibly, the 

Thermopolis Shale. The project team researched lithologic logs 

filed with the Oil and Gas Commission for well fields in the 

general area of the Grey Well. All logs within approximately 

seven miles of the well were in close agreement with the WGS 
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interpretation. 

In the Wyoming State Engineer' s Office records on the Grey 

Well, the interval from the surface to 388 feet below ground is 

logged as a grey shale belonging to the Cloverly Formation. This 

is in clear conflict with the published mapping efforts and 

filed lithologic logs discussed above. A second lithologic log 

was prepared by American Stratigraphic Company (ASC ) at the 

request of WWDC. The ASC log begins at 170 feet in a grey 

siltstone that is labeled the Thermopolis Shale. Though this 

interpretation contradicts that of the field geologist, it 

appears more reasonable based on the published surface mapping 

and oil well logs. Apparently the field geologist started the 

borehole higher in the stratigraphic section than he believed, 

failed to recover his location during the course of drilling, 

and had the steel casing placed short of the targeted formation. 

If the ASC log is correct, the hole was cased through the 

Phosphoria Formation to the top of the Tensleep Sandstone, some 

280 feet above the top of the Madison Limestone. Additionally, 

the ASC log shows the well terminating wi thin the Madison 

Formation. By contrast, the well permit indicates the borehole 

penetrates the Bighorn Dolomite lying uncomfortably beneath the 

Madison. 

Another approach to the geologic reevaluation is the 

construction of a cross section from the Shell Valley Wells, for 

which detailed logs exist, to the Grey Well. Assuming the 

correct formation contacts on the WGS map (Manahl, 1985) and in 

the Shell No. 1 log (Morrison-Maierle, 1986), LA constructed a 

cross section projecting a three degree dip from Shell No. 1 

toward the synclinal axis. Unfortunately, none of the oil wells 

on file with the Oil and Gas Commission were located close 

enough to the cross-section line to be included. A three degree 

dip was selected because it was the shallowest dip shown in the 

vicinity on the WGS map. Projecting up-dip from the axis to the 

Grey Well, the ASe log provides a much more reasonable fit to 

the schematic stratigraphy (Figure 1), particularly given the 
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maximum local dip of 7 degrees. 

The geologic reevaluation, in conjunction with evidence of 

bridging, and a reported decrease in water production, suggests 

that the Grey Well does not fully penetrate the aquifer and is 

most likely cased to a formation other than the targeted Madison 

Limestone. This undoubtedly affects the well's production 

capability, but the degree of the impact cannot be judged. 

Grey Well Aquifer Testing During the ground water 

investigation, LA conducted a brief flow test ,at the Grey Well. 

The test was designed merely to provide an estimate of the 

well's production capacity over a short period. LA allowed the 

well to flow under wide-open conditions for over six hours. 

Discharge measurements were made at regular intervals through 

the duration of the test by measuring the time required to fill 

a container of known volume. At the end of the test, recovery 

was monitored until increasing pressure was no longer visible on 

the pressure gage plumbed into the discharge port. 

The initial shut-in pressure of 200 psi resulted in a 

discharge rate that was impossible to measure with the available 

equipment. The water discharging from the well was cold and 

clean with no noticeable odor. The well was shut back in, and 

the pressure, which had decreased almost immediately to 160 psi, 

recovered rapidly. Upon reopening the well, LA was again unable 

to immediately measure the discharge rate. After three minutes 

flow had decreased to approximately 60 gpm, and the pressure 

gage indicated that discharge was approaching unrestricted flow. 

The well was allowed to flow for six hours and 28 minutes. 

Figure 2 shows the decrease in discharge over time. At the end 

of the test, water was flowing unrestricted through the 

discharge line at just under 14 gpm, and there had been no 

evident change in water quality in terms of appearance or odor. 

Immediately after shut in, the pressure was under five psi, but 

it rose to 30 psi within one minute. It rose from 30 to 40 psi 

in one minute and ten seconds and from 40 to 50 psi in one 

minute and 25 seconds. By the time the shut-in pressure had 
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reached 65 psi, the rate of increase in pressure was no longer 

discernible. After 14 hours, the well had recovered to 195 psi, 

suggesting that the well could most likely support limited 

production on a daily basis. 

Geologic Setting and Well Completion History: Shell No.1 

and Shell No. 2 - In 1984, drilling began for a well system 

designed to augment the water supply in the vicinity of 

Greybull, WY. The two resulting wells, known collectively as 

the Shell Valley Wells, are located approximately 14 miles east 

of Greybull, near the town of Shell. They are separated 

horizontally by 567 feet, and the first well drilled (Shell No. 

1) is approximately 51 feet higher than the second (Shell No.2). 

A complete description of the well construction activities 

summarized below is presented in the 1986 report by Morrison

Maierle, Inc. entitled, "Shell Valley Deep Well Project with 

Resul ts of Aquifer Tests for Shell Valley Watershed Supply 

Project." 

The well site is located in the NE1/4, NE1/4 of Section 35 

in T53N, R91W. It sits on the Bighorn Mountains monocline which 

comprises the western edge of the Bighorn Mountains. 

Regionally, formations strike north-northeast with a 

southwestern dip of approximately five degrees. Both wells 

collar in Quaternary terrace gravels and target production from 

artesian aquifers of Paleozoic age: the Madison Limestone and 

the Bighorn Dolomite. Li thologic logs for both wells are 

included in the Morrison-Maierle report (1986). 

A geologic log was maintained throughout the drilling of 

Shell No.1. Figure 3 presents a schematic representation of the 

Ii thology logged during drilling and the well construction 

information for both Shell Valley Wells. Beneath the alluvium, 

this borehole penetrated the Sundance shale to a depth of 96 

feet. The underlying Gypsum Springs Formation, consisting of 

interbedded shale and limestone, is 169 feet thick and underlain 

by the 9 feet thick Alcova Limestone. Next are 838 feet of 

shale and siltstone belonging to the Chugwater Formation. The 
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Dinwoody and Phosphoria Formations comprise the next 302 feet. 

They are characterized by siltstone, shale, and dolomite with 

some massive anhydrite. The underlying Tensleep Sandstone is 

147 feet thick and overlies the Amsden Formation, which is 

predominantly shale and dolomi te wi th some interbedded 

limestone. The Amsden Formation overlies the limestone and 

dolomite of the Madison Formation, which extends from 1,834 to 

2,421 feet below ground. Interbedded siltstone, shale, 

limestone, and dolomite belonging to the Three Forks and 

Jefferson Formations comprise the 225 feet between the Madison 

and Bighorn Formations. The Bighorn consists of dolomite with 

minor limestone and shale; it was encountered from 2,646 to 

2,941 feet. The borehole for Shell No.1 terminated at the base 

of the Gallatin Formation, an interbedded sandstone and 

limestone, at a depth of 3,041 feet. 

The borehole for Shell No. 1 was cased to the top of the 

Madison Limestone and plugged with cement at the top of the 

Bighorn Formation, leaving an open hole completion through the 

Madison. During the initial drilling of the well, the water 

flowing from the Madison was insufficient to meet the project 

objectives, and deeper drilling ensued. Upon reaching the base 

of the Gallatin Formation, a packer test was performed to 

determine whether or not the Bighorn and Gallatin Formations 

were producing water. This test of the Bighorn-Gallatin 

interval did not show any pressure, and the decision was made to 

drill deeper. During removal of the testing equipment, however, 

a section of tubing became lodged in the borehole, and efforts 

at deepening the hole were abandoned. Because of the low water 

production from Shell No. 1 and the restriction to deeper 

drilling, a second well, Shell No.2, was drilled. 

The borehole for Shell No. 2 was drilled with the intent of 

exploiting formations beneath the Gallatin. The Gypsum Springs 

Formation was encountered immediately beneath the alluvium; this 

difference may be accounted for by the elevation difference 

between the two drilling locations. The site geologist ceased 
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logging the borehole in the Gypsum Springs Formation under the 

assumption that the geology would not vary significantly over 

567 feet of horizontal separation. Lithologic logging was 

resumed at the base of the Gallatin Formation. The Shell No. 2 

borehole terminates in the shale of the Gros Ventre Formation at 

a depth of 3,379 feet. The Gallatin/Gros Ventre contact was 

logged at a depth of 2,983 feet. The Shell No. 2 Well is an 

open hole completion through the Madison and Bighorn Formations 

with surface casing to the top of the Madison. _ The two aquifers 

are separated without evidence of leakage by the Three Forks and 

Jefferson Formations. 

Despite the close proximity and anticipated geologic 

similarity of the two boreholes, the hydraulic characteristics 

of the producing units vary significantly from well to well. As 

mentioned above, the borehole for Shell No. 1 encountered water 

in only the Madison Formation. The initial artesian flow was 

measured at 176 gpm with a shut-in pressure of 302 psi, and 

Morrison-Maierle determined from geophysical logs that the 

source of the water was the intrinsic permeability of the 

limestone. In Shell No.2, only 567 feet away, flow from the 

Madison was 364 gpm while the Bighorn contributed 916 gpm. 

Secondary permeability, most significantly in the Bighorn 

Formation, is the major contributor to ground water production 

from this borehole. 

The Madison Formation is exposed as an extensive recharge 

area along the anticlinal axis of the monocline, approximately 

five miles to the east. The likely recharge area for the 

Bighorn Formation is also along the anticlinal axis of the 

monocline but is much less extensive than that of the Madison 

Formation (Finley, 1985). 

Aquifer Testing of the Shell Valley Wells - As part of the 

water supply evaluation for the Town of Greybull, LA performed 

an eight-hour stepped-discharge test and a 24-hour constant 

discharge test of the Shell No. 2 well. This section of the 

report summarizes the results of these two tests and includes a 
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brief description of earlier studies detailed by Morrison

Maierle (1986). 

Drilling for Shell No. 1 was conducted between January and 

December 1984, and the Shell No. 2 Well was completed from June 

to August 1985. Production tests were performed on both wells 

as part of the construction process. 

The first two tests were performed in 1984 at Shell No. 1 

without the benefit of an observation well. The first was an 

open flow of the well for 1,470 minutes, during which flow 

stabilized at approximately 176 gpm. No aquifer parameters were 

calculated. A second open flow test was performed after an 

attempt to increase production through hydrofrac techniques. 

The duration of this test was 14,280 minutes, and discharge 

decreased from 104 to 95 gpm. Again, no parameters were 

calculated, and the test was used solely to indicate that 

further work was required to increase production. 

Testing in Shell No. 2 began with a packer test intended to 

determine whether the Madison and Bighorn Aquifers are 

hydrogeologically isolated. The Bighorn Formation was packed 

off down the borehole, and the Madison was allowed to flow at 

maximum discharge, approximately 359 gpm, for 40 minutes. The 

shut-in pressure of the Bighorn did not change, and Morrison

Maierle concluded that no leakage was occurring. A subsequent 

stepped-discharge test was performed with the packer in place, 

and each formation was permitted to flow at different rates. 

Pressures were monitored in both wells during the test. Lost 

data and the restriction of flow from the Bighorn diminished the 

usefulness of the test, but the final step, during which Shell 

No. 1 was allowed to flow wide open, indicated that the two 

wells do interfere with one another. Discharge from Shell No. 

1 decreased from 367 to 309 gpm over the course of the step, 

while discharge from the Madison Formation in Shell No. 2 fell 

from 363 to 345 gpm. Discharge from the Bighorn Formation was 

unaffected by opening Shell No.1. 

The final test on the two well system was the test from 
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which Morrison-Maierle drew its production conclusions. Shell 

No.2 was allowed to flow wide open for 20 days, and Shell No.1 

was monitored as an observation well. During this time, 

discharge from the well decreased from 1,280 to 1,090 gpm. The 

final flow is also the same rate of discharge measured after 

several months of uninterrupted flow during well construction. 

After 20 days, Shell No. 1 was also allowed to flow wide open, 

and during the subsequent ten days, flow from Shell No. 2 

decreased to 1,023 gpm while flow from Shell No.1 fell from 293 

to 224 gpm. This test suggests a long term maximum combined 

discharge on the order of 1250 gpm. Morrison-Maierle used this 

test to calculate transmissivity and storativity values for the 

Madison Formation and to predict a decline in artesian flow over 

an extended period of wide open flow. These calculations will 

be discussed in greater detail below. 

In July 1995, LA performed additional testing of Shell No. 

2, the principal production well, to assess its ability to serve 

as the sole source of water for the Greybull/Shell distribution 

system. Shell No. 1 remained off-line for the duration of the 

testing and was used as an observation well. Rather than 

repeating the open-flow testing efforts of Morrison-Maierle, LA 

elected to conduct a stepped-discharge test followed by a 

constant discharge test. LA felt this would allow a more 

accurate calculation of aquifer parameters and provide another 

approach to the determination of long term production 

capability. 

During testing, discharge of Shell No. 2 was regulated by 

a gate valve in the well house, and downstream flow continued 

through the supply system. The 300,000 gallon storage tank was 

allowed to overflow into the nearby irrigation ditch. Flow 

rates were monitored using the flow meter and volume totalizer 

in the chlorination plant. This test configuration was selected 

to minimize the impacts of testing on the water users along the 

distribution line. Discharging directly at the wellhead would 

have necessitated severe water restrictions and left some users 
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entirely without water. Pressure data were collected for the 

discharge well and the observation well through pressure 

transducers placed in-line at the respective wellheads and 

connected to a Hermit SE1000B data logger. 

Prior to testing, both wells were taken out of production 

for 12 hours and allowed to recover to static water levels. The 

static shut-in pressure was 135.43 psi (312.98 ft of water) in 

Shell No.1 and 166.72 psi (385.29 ft of water) in Shell No.2. 

In each case, the shut-in pressure was higher than the 1985 

pressures reported by Morrison-Maierle (1986), suggesting that 

historic use of the two-well system had not resulted in any 

aquifer depletion. 

The first test performed by LA was a stepped-discharge test 

of the No. 2 well, with Shell No. 1 as an observation well. The 

test lasted approximately eight hours and consisted of five 

steps. The first and last steps were each one hour long, and 

the three intermediate steps were each two hours long. The 

drawdown, converted to feet of water, in the discharge well (No. 

2) is plotted against time on Figure 4. The discharges plotted 

above each step are combined flows from the Madison and Bighorn 

Formations. Figure 5 is a plot of drawdown for the observation 

well in response to discharge from Shell No.2. The two plots 

show that each step appeared to approach steady state flow 

conditions within the allotted period of time. 

The recovery of the two wells was monitored between the end 

of the step test and the beginning of the constant discharge 

test. Figures 6 and 7 show the residual drawdown plotted 

against time for each recovery test. 

The constant discharge test was begun after 15.5 hours of 

recovery. Shell No.2 had recovered to 166.18 psi (384.04 ft of 

water), and Shell No. 1 had recovered to 135.22 psi (312.49 ft 

of water). Drawdown was monitored for 25 hours at an average 

discharge of 968 gpm. Figure 8 shows drawdown plotted against 

time in the discharging well. The early time data are affected 

by the rapid opening of the gate valve, which sent a pressure 
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wave through the system. The effect appears to have dissipated 

by approximately 0.2 minutes. After 10 minutes, a pumping level 

of approximately 135 feet (58 psi) was achieved, yielding a net 

drawdown of 249 feet. The water level continued a slow but 

steady decline throughout the duration of the test. During the 

last 12 hours of the test, the water level declined 

approximately 4.5 feet. A plot of drawdown against time in 

Shell No.1, Figure 9, shows that the cone of depression first 

impacted the observation well at approximately two minutes, and 

aquifer pressure continued to decline throughout the test. A 

steady-state condition was not achieved in the observation well 

during the 25 hour test. 

As a result of the Shell No. 2 tests, LA was able to 

calculate the aquifer parameters summarized on Table 1. 

Transmissivity and storativity values were calculated for the 

Madison Formation. These numbers were derived from the constant 

discharge data and are based on the same percent contribution to 

total discharge outlined in the report by Morrison-Maierle 

(1986). The transmissivity of the aquifer is 4,300 to 4,600 

gpd/ft, and the storativity is 0.0011 to 0.0014. 

Because there are no nearby wells completed solely in the 

Bighorn Formation, it was not possible to calculate aquifer 

parameters specific to that unit. Only a representative 

transmissivity for the two aquifer system could be determined. 

The Jacob method was applied to two of the steps from the step 

test and to the constant discharge data. A method of step test 

recovery analysis proposed by Kawecki (1993) was applied to the 

post-step test recovery data. The results of these analyses 

defined a transmissivity range of 15,000 to 24,000 gpd/ft. 
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Table 1. Summary of Aquifer Test Conclusions. 

Madison Formation 
Transmissivity 
Storativity 

Bighorn Formation 
Transmissivity 
Storativity 

Shell No. 1 

Shell No. 2 

4,300 - 4,600 
gpd/ft 
1. 1 x 10-3 

- 1.4 X 

10-3 

15,000 - 24,000 
gpd/ft 

not calculated 

302 

372 

Optimum Sustainable Yield 

Recommended Sustainable 
Production 

Optimum Pump Intake Setting 
(1,150 ) 

IV-12 

2,209 - 2,316 
gpd/ft 
2. 67 x 10-4 - 2. 91 X 

10-4 

not calculated 
not calculated 

313 

385 

- 960 gpm 

800 - 1,000 gpm 

300 ft 



IMPACT OF 10 YEARS OF PRODUCTION (1985 VS 1995) 

The well tests performed by LA allow a comparison of 

aquifer conditions and well performance between 1985 and 1995. 

As shown on Table 1, the shut-in pressures of the two wells 

have increased over the last ten years. This indicates that 

the town' s historical use of the wells has not depleted the 

aquifer. Figure 10 shows a comparison of the observation 

well's response to discharge from Shell No.2 during the first 

25 hours of the 1985 open flow test, with discharge decreasing 

from 1280 to approximately 1200 gpm, and the 1995 constant 

discharge test at 968 gpm. While it is important to recognize 

the higher and varying discharge rates during the 1985 test, 

the drawdown curve remains fundamentally the same. As would 

be expected from an aquifer that has not been adversely 

impacted by 10 years of limited municipal demand, the slightly 

greater discharge results in a slightly greater drawdown. 

POTENTIAL TO SERVE AS WATER SUPPLY SOURCE 

In order to fully evaluate the suitability of the well 

system for municipal supply, it is necessary to make some 

predictions regarding the long-term impacts of increased use. 

Morrison-Maierle (1986) plotted the decline in discharge 

against time under open flow conditions and fit an equation to 

the curve. They used this equation to predict the decline in 

production capability over a number of years. A similar 

approach can be taken with the LA data. An equation can be 

fit to the time vs drawdown data as measured in Shell No. 2 

during the constant discharge test. This equation can then be 

used to extrapolate drawdown at 968 gpm into the future. 

Using the curve fitting feature on Grapher for Windows (Golden 

Software, 1994), an extrapolation equation of s=6.64858 x 

In(t)+224.928 was derived (Figure 11). After 30 years of 

uninterrupted flow at 968 gpm, the equation predicts the 

pressure head in Shell No. 2 would be approximately 50 feet. 
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A common approach to the determination of optimum 

sustainable yield is to establish a design pump discharge to 

achieve a pumping level at 66% of the total available head as 

determined by the pump intake. In the case of an artesian 

well, the ground surface is essentially equivalent to the 

elevation of the pump intake. With a predetermined pump 

depth, the optimum drawdown of 66% becomes a function of 

discharge. With a static shut-in pressure head of 385 feet, 

the design drawdown would be 254 feet. The data from the 

stepped discharge test show that this drawdown is achieved by 

a discharge of approximately 950 gpm. The theoretical optimum 

sustainable yield is close enough to the rate of the constant 

discharge test to assert that efficient use of Shell No. 2 

could most likely be maintained, uninterrupted, for a period 

of 30 years at a rate of sustained flow ranging from 800 to 

1,000 gpm. 

Under the above-described scenario, Shell No. 1 remains 

under shut-in conditions and is not considered for supply 

augmentation. Rather, the 293-224 gpm available from this 

well (Morrison-Maierle, 1986) are to provide limited system 

redundancy. 

DESIGN AND CONSTRUCTION ALTERNATIVES 

SUMMARY AND RECOMMENDATIONS - In discussions with the 

Sponsor, it is clear that an "unblended" ground water 

alternative will not meet the Town's water quality 

expectations. After 10 year's of ground water use, commingled 

with surface water, the residents of Greybull have come to 

expect a water supply of a given quality and hardness. 

Maintenance of the existing Shell Creek water rights is an 

additional, yet important consideration. The current ground 

water wells are characterized by a mineralized taste and 

increased hardness, relative to the surface water source. 

Previous sections of this report have addressed surface 

water treatment alternatives, which include various levels of 
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filtration and disinfection of the Shell Creek infiltration 

gallery raw source water. Such alternatives are contingent 

upon funding availability(capital costs) and increased O&M. 

The following paragraphs summarize the results of the ground 

water investigation and the evaluation of ground water 

alternatives to augment current ground water production 

capacity. 

The 1995 ground water investigation found that highest 

capacity well, Shell No.2, has maintained its production 

capabilities since the date of its original completion (1985). 

Based on the results of the testing program, an optimum 

sustainable yield of 950 gpm can be anticipated. A 30+ year 

life at this yield can be expected from the producing zones. 

Deterioration of the well, calcification and sealing of the 

fractures within the formation(s) may shorten this predicted 

life. 

A sustainable yield of 950 gpm can meet the existing and 

future average annual demand for the Town of Greybull. Future 

peak demand could require a greater well yield in excess of 

the production capacity of the Shell No.2 well, operating 

under artesian flow. A portion of this peak demand could be 

"made up" with the yield of Shell No.1. However, one must 

also recognize the need for system redundancy within a 

municipal system. System design should include the potential 

loss or "down time" of the principal well in the system and 

the ability to maintain production, either through storage, a 

second equal producing well or a combination of both. 

Future peak demand requirements suggest well production 

capabilities of 1150 gpm or more. The combined "sustainable" 

flow of Shell Nos. 1 and 2 can most likely meet this peak 

demand, but the use of both wells to meet primary peak flow 

demand does not provide any redundancy or "back-up" should one 

well "go off-line". The project team has identified three 

alternatives to meet peak flow demand while allowing system 

redundancy. They include: 
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1. Increasing the discharge of Shell No.2 by mechanical 
means. This would include the placement or setting 
a submersible pump within the well and utilizing 
mechanical energy to increase the production 
capabilities of the well. Shell No.1 would be 
maintained "on line" for "back-up". 

2. Construction of a new deep well, completed in the 
Madison and Bighorn Formations. Shell No.1 would be 
maintained "on line" for "back-up". 

3. Rehabilitation of the Grey Well. This would include 
reentering the original well casing, reaming the 
well annulus to remove all formation bridges, 
setting casing to the top of the Madison and 
completing the well to through the Madison and 
Bighorn Formation. Shell No.1 would be maintained 
"on line" for "back-up". 

Pumped Flow from Shell No. 2 - One approach currently 

under consideration for supply augmentation and system 

redundancy is increased ground water production through 

pumping. In order to evaluate the feasibility of this 

approach, calculations were performed to predict drawdown at 

various discharges from the Shell No. 2 Well. These drawdown 

predictions were then used to estimate an optimum pump 

setting, which will contribute significantly to the potential 

cost of pumping the well. 

The Theis equation predicts drawdown in a well through 

the following equation: 

where: 

and 

s = drawdown 

s(r,t)= nO W(u) 
4 T 

r the radius of the pumping well 
t = time 
Q = the pumping rate 
T transmissivity 
W(u) = the well function. 

W(u) is an integral function where 
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r 2S 
U=--

4Tt 

and S is the storativity. The variables r, T, and t are as 
defined above. For values of u less than 0.01, the function 
can be closely approximated by: 

W(u)=ln(1/u)-O.5772. 

Unfortunately, the calculation of u is dependent upon 

both transmissivity and storativity. Without an observation 

well penetrating both aquifers, it was impossible to calculate 

the storativity for the system. However, reasonable estimates 

of both parameters were made for the Madison Formation, and 

these were used to approximate the drawdown in the system. 

A number of drawdown calculations were performed, and 

selected results are presented on Figures 12 and 13. Figure 

12 shows the drawdown for varying discharges after two hours 

of flow. Actual drawdown values measured during the step 

discharge test are also plotted. A comparison of the 

calculated drawdown to the actual values shows that the 

predicted values overestimate drawdown at two hours by 40 to 

90 feet. Figure 13 shows 24-hour hydrographs for varying 

discharges plotted with the actual values from the constant 

discharge test. At a long term pumping rate of 968 gpm, 

predicted drawdown exceeds that measured during testing by 

approximately 100 feet. This allows the estimate to be 

considered a worst case scenario for estimating the cost of 

pump placement. 

Increasing the discharge from the Shell No. 2 well to 

1,150 gpm, in concert with additional storage facilities, 

provides a sufficient system capacity to meet future one-day 

peak demand from a single well. The calculated drawdown at 10 

hours, the point at which the well,approached steady state 
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during the aquifer test, is 450 feet (Figure 13). With 66 

percent considered an optimum drawdown, and a static shut-in 

water level of 385 feet above ground, this corresponds to a 

pump intake level of 290 feet below ground. 

This analysis was performed on a theoretical basis to 

provide a general idea of the feasibility of pump placement. 

One must perform a complete, detailed pump test prior to the 

implementation of this alternative. Additional consideration 

must also be given to disadvantages such as increased O&M and 

power costs that necessarily accompany the incorporation of a 

mechanical element into a system previously driven by gravity 

and natural artesian pressure. 

Construction of a New Deep Well - The construction of a 

third deep well in the vicinity of the existing Shell Valley 

Wells could nearly double the production capabilities of the 

system on a peak demand basis, thus providing nearly complete 

system redundancy. As evidenced by the construction histories 

of the existing wells, this alternative would be a significant 

and costly undertaking. To fully penetrate the Bighorn 

Dolomite would require a borehole as deep as 3,000 feet, and 

casing through the Amsden Formation involves nearly 1900 feet 

of casing. Unfortunately, even flawless well construction is 

no guarantee of high yield. Despite these drawbacks, the 

construction of a third well within the municipal system would 

provide substantial backup should problems arise with another 

well. 

Rehabilitation of the Grey Well - Based on the geologic 

reevaluation of the Grey Well, it is safe to say that 

formation bridging has significantly reduced the artesian flow 

from the well. Thus, it is conceivable that production could 

be increased by reentering the existing borehole, reaming down 

through the Bighorn Dolomite, and setting a smaller diameter 

steel casing into the top of the Madison Formation. This 

would result in a well construction similar to that of the 

Shell Valley Wells. This alternative involves 450 feet of 
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additional casing and 1,700 feet of additional drilling 

footage. The existing open hole would cut costs by reducing 

the required linear drilling footage, but the total cost of 

well rehabilitation would still be significant. There are 

additional complications associated with reentering an 

existing well. Prior to pursuing this alternative, one would 

need to thoroughly inspect the condition of the existing 

casing to better evaluate the potential for successfully 

placing a smaller casing in the existing well. Such an 

inspection would involve, at a minimum, a deviation and 

caliper log and a borehole camera record. In addition, there 

exist the same yield uncertainties described in conjunction 

with the new well alternative. 
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Open Flow Discharge at Grey Well 
Greybull, WY 
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GENERAL 

CHAPTER V 

FUTURE REOUIREMENTS 

The Greybull water system will need to upgrade or increase 

current water sources to meet future demands. The population in 

the area is expected to increase, although not at a high rate of 

growth. Between an increase in demand and regulatory 

constraints, the system must either begin treatment of existing 

sources or increase the number of sources that can remain 

unfiltered. 

POPULATION AND WATER USE PR03ECTIONS 

Nelson Engineering contacted the Wyoming Department of 

Economic Analysis, Pacific Power and Light, U.S. West, and other 

utilities to gather previous growth data and any population 

projections available. All sources indicated minimal growth over 

the past five to ten years and no anticipated industrial growth 

in the Greybull area. The Wyoming Department of Economic 

Analysis projects an annual growth of 0.6 percent over the next 

20 years. Since our research did not uncover any reason to vary 

from this growth projection, it is used for future population 

calculations. Table V.I shows the projected population and water 

consumption for the next 20 years. 

As discussed earlier, consumption for Greybull is based on 

an average day demand of 270 gpcd, but for the service area from 

Greybull to the infiltration gallery, the billing records are 

considered to be accurate and a value of 493 gallons per day per 

hookup will be used for future demand calculations. 

The following table shows future demand for Greybull and the 

remainder of the service area: 
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Greybull 
Year Population ADD (gpd) ADD (gpm) MOD (gpm) 

1995 1821 491,670 341.4 853.5 
2000 1877 506,790 351.9 879.7 
2005 1935 566,450 362.8 907.0 
2010 1995 538,650 374.1 935.2 
2015 2057 555,390 385.7 964.2 

East of Greybull 
Year Hook-ups ADD (gpd) ADD (gpm') MOD (gpm) 

1995 205 101,065 70.2 175.5 
2000 212 104,516 72.6 181.5 
2005 220 108,460 75.3 188.2 
2010 227 111,911 77.7 194.2 
2015 235 115,855 80.5 201.2 

Total 
Year ADD (gpd) ADD (gpm) MOD (gpm) 

1995 592,735 411.6 1029.0 
2000 611,306 424.5 1061.2 
2005 630,910 438.1 1095.2 
2010 650,561 451.8 1129.4 
2015 671,245 466.2 1165.4 

Thus, in 20 years, the water system must be capable of 

supplying and conveying 1165.4 gpm to satisfy demand. 

REGULATORY CONSTRAINTS 

According to the EPA's letter to the Town, dated December 9, 

1993, the infiltration gallery collecting water near Shell Creek 

is under the direct influence of surface water. Thus, the Town 

has three options: 1) filter the water from Shell Creek; 2) 

meet the filtration avoidance criteria to remain unfiltered; or, 

3) convert to another water supply source that is not under the 

direct influence of surface water. However, in any case, the 

water system would still be required to meet WDEQ regulations on 

capacity, storage, and redundancy as stated in Chapter II of this 

report. 
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WATER SOURCES 

Water source options available to the Town are Big Horn 

River Water, Shell Creek Water, and Groundwater. The Big Horn 

River is not a desirable source of drinking water because of poor 

water quality with high concentrations of mineralized salts and 

sulphates. Conventional water treatment would not be cost

effective in treating Big Horn River water. Shell Creek is a 

good source of potable water, but would require a treatment plant 

to be within SWTR guidelines. Groundwater is also a good option 

as long as a source could be found that has enough capacity to 

meet WDEQ regulations. 

As stated in Chapter II of this project, WDEQ requires a 

redundant water supply system. The requirements vary depending 

on the sources. For a system with any surface water treatment, 

the system must be capable of supplying the maximum daily demand 

of the design year with the largest source inoperative. For a 

system consisting of groundwater sources only, the source(s) must 

be capable of satisfying average daily demand of the design year 

with the largest source inoperative. In Greybull's case, there 

are three variations of sources available: 1) all surface water, 

2) combination surface water and existing groundwater, and 3) a 

groundwater only option. 

First, a surface water only system would require redundancy 

in the treatment plant itself. With a required capacity of 1165 

gpm (maximum day demand in 20 years), a system of four equal 

treatment lines would be recommended. With the largest source, 

anyone of the treatment lines, inoperative, the remaining three 

would be required to produce 1165 gpm. Therefore, each would be 

designed for a capacity of 400 gpm. With only three operating, 

the treatment plant could produce 1200 gpm which is greater than 

the 1165 gpm required. The total capacity of the treatment plant 

would be 1600 gpm with all four treatment lines operational. 

Second, a combination surface water treatment plant and 

existing groundwater would also be required to produce the future 

maximum daily demand. With Shell Well No. 1 and Shell Well No. 2 
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providing a combined sustainable yield of 1185 gpm (225 gpm and 

960 gpm respectively). With Shell Well No.2, the largest 

source, inoperative, the surface water treatment plant would be 

required to produce a minimum of 940 gpm, probably over three 

treatment lines. 

In the case of a ground water only system, the required 

capacity is only the average day demand in the design year. For 

Greybull's system, this is 466 gpm. With Shell Well No.2, the 

largest unit, inoperative, the remaining capacity is 225 gpm. 

Therefore, any new well(s) would need to produce a minimum of 241 

gpm to satisfy WDEQ regulations. 

WATER SUPPLY STRATEGIES 

In this study, Nelson Engineering examined and evaluated 

multiple water supply alternatives to satisfy the EPA Notice of 

Violation. The following are the alternatives with benefits, 

problems, and order of magnitude cost estimates presented to the 

Town of Greybull's Council in August of 1995. 

The Town of Greybull has water rights in Shell Creek water 

that are senior enough to justify the construction of a water 

treatment plant to filter water to be in compliance with EPA 

requirements. Treatment plants of various sizes could be 

designed depending on water requirements and the Town's desire to 

retain water rights. 

1.67 MG SURFACE WATER TREATMENT PLANT - This treatment plant 

would be built east of Shell along the current waterline. A 

treatment plant of this size would be able to supply the entire 

service area with water for at least the next 20 years. Water 

rights on Shell Creek would be preserved and the EPA would be 

satisfied because the water would be treated to acceptable 

levels. The disadvantage of such a treatment plant is the cost 

of construction, which was estimated $1,800,000 and an annual 

operation and maintenance cost of $131,000jyr. 
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A treatment plant of this size is really beyond the needs of the 

system because of the wells currently in operation. 

COMBINATION SURFACE WATER AND GROUNDWATER - This alternative 

is a combination groundwater and treatment plant system. This 

option would minimize the treatment plant to an output level that 

would still satisfy the Wyoming DEQ capacity requirements. This 

would mean a treatment plant capacity of 950 gpm at a reported 

construction cost of $1,200,000 and an annual cost of $120,000. 

This alternative would optimize the use of the wells and still 

retain the water rights to Shell Creek. 

CARTRIDGE FILTRATION OF SURFACE WATER - A cartridge 

filtration system was evaluated for use on the Shell Creek water. 

At a flowrate of 950 gpm, the system would allow water rights in 

Shell Creek to be maintained, mitigate the EPA violation, and 

have a low initial cost. Estimated construction cost for such a 

plant is $540,000 with annual costs of $176,000jyr. The high 

annual costs result from frequent cartridge replacement at a cost 

of $400 each, thus over a 20-year period, the total cost is very 

high. 

GROUNDWATER ONLY - This alternative is to switch to a 

groundwater only supply system. If the Town were to shut down 

the infiltration gallery and drill one or two wells for a total 

additional supply of 250 gpm, the EPA requirements and Wyoming 

DEQ regulations would be satisfied. It is highly likely that 

only one additional well would be necessary based on production 

from Shell Valley Well No. 2 in the Madison and Big Horn 

Formations, but the 250 gpm capacity is mandatory per Wyoming DEQ 

requirements, therefore, if the first well does not meet the 

required capacity, additional wells would be necessary to obtain 

the water. Because the location of the well is yet to be 

determined, transmission line costs are difficult to estimate. 

For the purposes of this estimate, it has been assumed that the 

well would be located within one mile of the existing 

transmission line. 
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Construction cost is estimated to be $320,000 for each well and 

other peripherals at $100,000. So, for a single well, the 

reported construction cost was $420,000 and for two wells, the 

cost increases to $740,000. Because these wells would most 

likely be artesian, annual operation and maintenance cost was 

reported at $20,OOO/yr. This low cost makes the alternative very 

attractive, but the abandonment of the infiltration gallery would 

mean a loss of the water rights on Shell Creek. 

WATERSHED MANAGEMENT - In order to meet the filtration 

avoidance criteria to remain unfiltered, the Town of Greybull 

would need to institute a watershed management program. This 

program must be designed to manage and control any potential 

contamination in the entire Shell Creek drainage. This includes 

restricting housing developments with septic leachfields, 

fishing, hunting, timbering, any and all recreation uses, 

livestock grazing, and general land use in the drainage. 

Implementing such a plan is extremely time-consuming and 

complex for numerous reasons: 

1) The Shell Creek drainage above the diversion is 

primarily Federal land. Accordingly, any change in land 

management would have to be orchestrated through the Federal 

Land Management Agencies; i.e., United States Forest Service 

and Bureau of Land Management. 

2) Management changes affecting wildlife would require 

coordination with the United States Fish & Wildlife Service 

(USFWS) and the Wyoming Game & Fish (WG&F). 

3) Many sections of the local economy would be affected 

including livestock businessmen, timbering interests, 

recreation related businessmen, and tourist-related 

businesses. Being able to deal with each group successfully 

is an expensive, time consuming and longrunning undertaking. 
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4) If initial implementation is accomplished, then the 

Town must continue to monitor and update the plan on a 

recurring basis. 

At the preliminary report meeting with the Town of 

Greybull's Council, Wyoming Water Development Commission, and 

Nelson Engineering, the above alternatives were presented. The 

Council, with input from the Wyoming Water Development Staff 

directed Nelson Engineering to pursue the combination groundwater 

and surface water treatment alternative. 

FINISHED WATER STORAGE 

WDEQ regulations require finished water storage, for systems 

over 500,000 gpd, to be 25 percent of MOD plus required fire 

storage. The Town of Greybull's MDD in 20 years will be 

1,388,500 gpd and will require a fire flow of 3500 gpm for two 

hours (420,000 gallons). Therefore, a required storage of 

773,160 gallons will be met with the current 1.0 MG storage tank. 

The portion of the system serving areas east of the Greybull tank 

require 64,440 gallons (25% of MOD) plus a fire storage of 2000 

gpm for two hours, or 120,000 gallons. The current storage of 

350,000 is greater than the required 184,400 gallons. 

The water system has enough storage capacity to meet current 

storage requirements. However, if another water source is 

developed, a storage tank would be required for chlorination 

contact time. This tank would be sized based upon the capacity 

of the water source. 

EVALUATION 

To better understand the transmission line, Nelson 

Engineering calculated hydraulic grade lines for various flow 

conditions. Hydraulic grade lines (HGL) are the calculated 

pressure at points in the system taking into consideration all 

the major pressure losses as water passes through the system. 
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Also, actual pressure settings and readings were used to verify 

the accuracy of the calculated pressures. Information on 

pipeline operation, maintenance, and records were examined to 

better understand the water system. Field inspections and 

surveys gathered more information about the water system for 

evaluation. After examining and evaluating the above information 

and more, Nelson Engineering notes the following. 

The system as it is currently in use is beginning to show 

signs of aging. The newest portions of the system are the two 

wells and associated water tank near Shell built in 1987. The 

transmission line, built 21 years ago, still appears in good 

condition, but needs some upgrade and repairs. As stated earlier 

in this report, production records show water being produced at a 

much higher rate than it is being consumed. 

Also, production records from the infiltration gallery show 

production there to be nearly 853 gpm on average. However, 

pressure readings at the Smith Valve in Shell show pressures near 

60 psi in Shell. According to HGL calculations, if 60 psi is to 

be maintained in Shell, only 650-700 gpm can be conveyed from the 

infiltration gallery. This information is good evidence that a 

leak exists in that section of pipeline. Nelson Engineering 

recommends a leak detection survey be performed on the entire 

transmission line to locate any leaks. 

Also noted during the attempt to evaluate the quantities of 

water being produced are problems with current line metering. 

This major deficiency in the system is an inability to meter and 

record flow data. The water meter in the chlorination house near 

the infiltration gallery is repeatedly out of service for long 

periods of time. Finally, the meter pit near the Greybull water 

tank is inoperative; the meter is broken and the pit itself is 

usually flooded and unsafe. Without good flow records, 

operation, maintenance, and administration of the system is 

severely hampered. 
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The transmission line is not the only aging portion of the 

system. The 1.0 MG tank east of Greybull is almost 30 years old. 

Recent surveys of the tank done by Liquid Engineering show the 

tank to be in good condition with only minor signs of decay. 

With proper care, the tank could last another 20 years or more. 

The Shell Tank, built less than 10 years ago, is in very 

good condition. Only minor blistering of the coating is 

beginning to show and an inspection and repair program would keep 

that in check. 

Along the transmission line are the control valves that are 

used to regulate pressure on the system. When the transmission 

line was originally designed, the primary purpose was to convey 

water from the Point of Diversion to the Town of Greybull. Since 

then, there has been much growth along the corridor from Greybull 

to Shell and beyond. The Town authorized these consumers to tap 

into the system for potable water. This changed the purpose of 

the pipeline from strictly conveyance to also serving as a 

distribution system. 

When the pipeline is viewed as a conveyance line only, the 

gate valves on the system make sense as isolation valves. These 

locations divide the transmission line into sections that can be 

turned off for repairs. The Lucas PRV is positioned just before 

a series of draws and ridges and is located properly on the 

conveyance line for pressure reduction. 

The problem arises now because the transmission line is part 

of the distribution system. Consumers demand acceptable pressure 

for their homes and the Town has attempted to accommodate them. 

The Smith Valve and the Whaley Valve have been throttled to 

maintain upstream pressure. Unfortunately, the valves are gate 

valves and were not designed for this purpose. This also has 

caused water shortages downstream because the only way to 

increase upstream pressure without pumps is to reduce flow. 

Also, since these valves are adjusted every couple of days, the 

settings cannot respond for the constantly changing conditions. 
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Automatic pressure reducing valves need to be installed. 

These PRV's would allow pressure to be maintained in the line 

while allowing the maximum amount of water downstream at any 

given time since the volume of water delivered downstream is 

directly effected by the pressure maintained upstream. 

Other valves on the line include air release valves, 

combination air valves, and blowoff valves. Air release valves 

allow for the release of small air bubbles that collect in a 

transmission line and could affect performance i.f allowed to 

build up. Combination valves also accomplish this task and have 

the added ability to allow large quantities of air into the 

system while the line is drained for repair, or if a vacuum 

condition is otherwise created. Blowoff valves are located at 

low pOints along the system to drain water from the line during 

repairs, or for maintenance flushing. 

The current air release valve vaults are 36-inch diameter 

culverts with a gravel bottom. These vaults allow water to enter 

from below and submerge the valves. WDEQ regulations do not 

allow this condition because the valves become damaged and may 

allow raw water into the pipeline under the right conditions. 

According to WDEQ regulations, the valve vaults need to be 

replaced. Also, a number of valves need to be replaced as well 

due to damage that has already occurred. A list of these valves 

is contained in the Conceptual Design section of this report and 

a complete list in Appendix F. 

Physical components of the transmission line were not the 

only components evaluated. Operating procedures and policies 

were examined for the efficiency of the system. As stated 

earlier in this report, the Town is attempting to supply 

customers with water at acceptable pressures. This is causing 

the system to be operated in a manner in which it was not 

designed. A policy for future customers who build in areas that 

will result in low pressure situations would be to require the 

customer to place their pressurizing system at the proper 

location, elevation, and be sized correctly, so thus not 
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affecting the main system. Requiring a professional engineer's 

certification of proper design would ensure that the private 

pressurizing system would operate properly without adversely 

affecting the rest of the system. 

Private pressurizing systems of users who are experiencing 

problems due to improper placement or sizing need to be evaluated 

and improved. Private systems were not visually inspected during 

this study. The Town staff describes some of the systems to be 

cisterns with pumps pressurizing water up to the residence. Such 

systems are viewed by EPA to be the Town's problem, because the 

Town is responsible for water quality to the user's tap and not 

just to the cistern. An inspection of these systems as well as 

discussions with EPA on this issue is recommended. Also, public 

education on the issue may aid in rectifying the problem. 

During the course of this study, it became apparent that 

billing records were not kept for some services, whether due to 

lack of metering or meter reading. Town personnel have taken 

steps to remedy this situation and have installed necessary 

meters and began recording other unbilled services. 

Recordkeeping and data retrieval is important for water 

accounting, billing, and future planning. 
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GENERAL 

CHAPTER VI 

CONCEPTUAL DESIGN 

The scope of work calls for conceptual design of project 

components previously selected from the Development Plan by the 

Town of Greybull and WWDC staff. Alternative delivery options 

and other elements of the development plan were reviewed with the 

Town and WWDC staff at a progress meeting on August 16, 1995. At 

that meeting, the Town requested the following items be selected 

for further study during Conceptual Design: 

1) Water Delivery System - A new surface water treatment 
plant in combination with continued use of Shell Valley Well 
No's. 1 and 2. 

2) Determine cost for leak detection survey of 
transmission pipeline. 

3) Replace the Smith Valve with an appropriate control 
valve. 

4) Replace the Whaley Valve with an appropriate control 
valve. 

5) Inspect the air relief valves, vacuum breaker valves, 
and blowoff valves and identify ones needing replacement. 

6) Design a new flowmeter installation at the chlorination 
vault east of Shell. 

7) Design an aboveground flow meter vault prior to the 
inlet to the 1.0 MG water tank. 

8) Design a telemetering system to collect and transmit 
operating data from along the transmission pipeline to the 
Town shop. 

DESIGN CRITERIA 

Design of the various components was completed in observance 

of overall Design Criteria. Water flow and treatment criteria 

are restated on Drawing 2 in the Conceptual Design drawings. It 

is worthwhile to restate the flow criteria herein. 
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Service Area 

Population/Hookups Greybull Shell Valley Shell 

1995 
2015 

1,821 
2,057 

134 
153 

71 
82 

Design Flows (Year 2015) 

Greybull Shell Valley Shell Total 
(gpd) (gpd) (gpd) (gpd/gpm) 

ADD = 555,390 76,000 40,400 671,790/466 

MOD = 1,388,500 189,800 101,000 1,679,300/1,166 

Fire Flow = 3,500 gpm 1,000 gpm 1,000 gpm 

Storage 

Equalization and Fire Flow 25% of Maximum Daily Demand 
Plus Fire Flow Storage 

.25x1,679,300 gal + 120 min x 
3,500 gpm 
420,000 gal + 420,000 gal. 

Total Storage Required 

Chlorine Contact Time 
CT Storage 1,165 gpm 

pH = 7.5 
T = 4°C 

Water Supply 

C12 = .4 PPM 

With largest producer out 
of service supply 

Shell Valley #1 Well 

Shell Valley #2 Well 

Shell Creek Water Treatment 
Plant 
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840,000 gal. 

64,000 gal. 

MDD = 1,165 gpm 

225 gpm 

960 gpm 

950 gpm 



PROPOSED IMPROVEMENTS 

Transmission Pipeline - Design details of proposed PRV 

vaults, air/vac vaults, and flow meter vaults are depicted on 

Sheets 7 and 8 in the Conceptual Drawings. The following is a 

list of those components proposed for replacement as part of this 

project along with estimated construction costs: 

Station Item Work Cost 

56+18 Air Valve Replace 3,250 
63+10 Air Valve Replace 3,250 

156+66 Air Valve Replace 3,250 
187+56 Smith Valve Replace w/PRV 11,625 
272+43 Blowoff Repair 700 
298+94 Air Valve Replace 3,250 
318+42 Air Valve Replace 3,250 
355+57 Air Valve Replace 3,250 
404+66 Whaley Valve Replace w/PRV 11,625 
538+02 Air Valve Replace 3,250 
541+33 Air Valve Replace 3,250 
563+77 Air Valve Replace 3,250 
610+02 Air Valve Replace 3,250 
609+49 Lucas Valve Install Low 

Flow PRV 7,000 
778+75 Air Valve New Valve 250 
795+40 Air Valve New Valve 250 
865+20 Flow Meter @1.0 MG Tank Replace 30,000 
866+50 Air Valve Replace 3,250 

Subtotal $ 97,200 

SURFACE WATER TREATMENT PLANT 

WDEQ requirements for redundancy in the water supply system 

necessitates implementation of sources such that with the largest 

component off-line, the remaining sources can provide Maximum 

Daily Demand. Accordingly, a water treatment plant of 950 gpm or 

1,368,000 gpd has been designed to compliment the Shell Valley 

Wells. 
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Factors to consider in siting a water plant include: 

1) Cost of land. 
2) Minimize pumping required. 
3) Groundwater level. 
4) Distance to first user taps. 
5) Surface water - 100-yr. flood heights. 
6) Maintain historic pressures in downstream p~p~ng. 
7) Method of affording disinfection contact time. 
8) Backwash storage. 
9) Access 

Two geographic sites were reviewed for this treatment plant: 

A. Plant located near the existing chlorination facility. 

B. Plant located near the top end of the transmission 
line. 

(A) Review of the pipeline hydraulic gradeline 
indicates a gravity-fed plant could be sited at 
about Elevation 4297, or at about Station 52+00, 
500 to 600 feet west of the existing chlorination 
facility. 

Advantages of This Location 

1) Raw water can be gravity-fed. 

Disadvantages of This Location 

1) Distribution pipe would have to be laid back 
upslope to existing consumers. 

2) All treated water would have to be pumped to 
maintain historic pressures downstream. 

3) Because of high groundwater, above-ground 
storage would likely be necessary to provide 
backwash storage and detention time for adequate 
chlorine contact. 

4) Full storage for chlorine contact would have 
to be constructed. 

(B) Review of mapping shows the plant could be sited 
on the north side of the Creek near Station 17+00 
on land owned by Ann Schubert. 
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Advantages of This Location 

1) The plant is sited above all present 
consumers and no additional distribution piping 
would be necessary_ 

2) A potential exists to site the plant high 
enough to place clearwell storage under the 
building thereby precluding the need to pump 
treated water. If treated water is pumped to 
aboveground storage, pumping requirements are less 
than at the other evaluated site. 

3) The storage volume in the transmission 
pipeline (16,000 gal±) between the plant and the 
first hookup can be used for chlorine contact 
time, thereby decreasing the amount of new storage 
to be constructed. 

Disadvantages of This Location 

1) All raw water must be pumped to the plant. 

2) Additional cost to elevate the facility above 
the 100-yr. flood elevation. 

Major features of the facility are: 

1) A building of about 5,000 square feet. 

2) Three package treatment plants, each capable 
of producing 350 gpm. 

3) Raw water intake pumps - two 950 gpm variable 
speed pumps. 

4) A below-grade clearwell of about 125,000-
gallon capacity. 

5) Auxiliary generator for emergency power. 

6) Backwash water storage pond with a sludge 
reclamation apparatus. 

7) Office space, laboratory, and chemical feed 
equipment. 

8) Chlorination system for disinfection. 
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Conceptual Drawings are included to illustrate the 

facility's general layout and arrangement. Estimated 

construction cost for the facility is depicted in Table VI.1. 
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Item Section 

1 2000 

2 2206 
3 

4 2222 
5 

6 2225 
7 

8 

9 

10 2229 
11 
12 2231 
13 2520 

14 2607 

15 

16 2609 

17 2667 

18 
19 

20 
21 

22 
23 

24 

25 2732 

26 

27 

28 

29 2831 

30 

31 

32 

33 

34 3200 
35 3300 

36 

37 
38 
39 3411 

40 5510 

41 5520 

42 5531 

43 6112 

Table VI-I 
Concept Design Estimate 

Project: Grebull Water Treatment Plant 
Project No: 93-083-1 

Project Manager: Frank Grimes, PE ~ LS 

Item Description Unit Estimated. Total. 

Mobilization Is $ 60,000.00 

Topsoil cy $ 1,350.00 

Borrow Material cy $ 6,000.00 

Unclass. Excavation cy $ 5,500.00 

Structural Fill cy $ 9,700.00 

Trench/Backfill 4-10' Type A If $ 3,250.00 

Trench/Backfill 0-4' Type B If $ 11,400.00 

Trench/Backfill 4-10' Type B If $ 6,750.00 

Special Bedding Type 2 ton $ 3,080.00 

Rock Excav. Site cy $ 2,000.00 

Rock Excav. Trench cy $ 400.00 

Aggregate Fill Grading W ton $ 9,720.00 

Equalization Pond Lining sy $ 11,025.00 

Manhole (5' ) ea $ 3,400.00 

Addnl. Manhole vf $ 1,300.00 

Pipe Culvert (15") If $ 660.00 

Pipe/Fittings ( 12") If $ 5,000.00 

Pipe/Fittings (lO") If $ 6,800.00 

Pipe/Fittings (8") If $ 285.00 

Gate Valves 12" ea $ 11,500.00 

Gate Valves 10" ea $ 2,264.00 

Tie to 14" ea $ 986.00 

Thrust Blocks ea $ 1,200.00 

Flow Meter Vaults ea $ 12,710.00 

Sewer Pipe 12" If $ 2,500.00 

Sewer Pipe 8" If $ 1,500.00 
Sewer Pipe 4" If $ 1,000.00 

Cleanout ea $ 460.00 

Fencing If $ 7,600.00 

Posts/Footings ea $ 1,440.00 

Gates (18') ea $ 1,980.00 

Gates (10') ea $ 1,866.00 

End Panels ea $ 500.00 

Re-Bar ton $ 14,742.00 

Slab on Grade Concrete cy $ 30,600.00 

Formed Concrete cy $ 64,400.00 

Footings Concrete cy $ 23,400.00 

Sidewalk Concrete cy $ 820.00 

Struct. Precast Concrete Is $ 55,000.00 

Metal Stairs Is $ 8,500.00 

Handrails/Railing If $ 4,500.00 

Grating/Floor Plates sf $ 18,900.00 

Framing/Sheathing Is $ 13,600.00 
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Item. Section 
44 6200 
45 7212 
46 7724 
47 8111 
48 8331 
49 8520 
50 9260 
51 9900 
52 
53 10441 
54 11165 
55 11180 
56 
57 
58 11190 
59 
60 11200 
61 
62 11243 
63 11500 
64 11600 
65 11700 
66 11750 
67 12301 
68 12310 
69 13121 
70 13300 
71 1500 
72 1600 

Table VI-I 
Concept Design Estimate 

Project: Grebull Water Treatment Plant 
Project No: 93-083-1 

Project Manager: Frank Grimes, PE & LS 

Item Description Unit Estimated Total 
Finish Carpentry Is $ 4,000.00 
Batt Insulation Is $ 600.00 
Floor Hatch Is $ 754.00 
Standard Steel Doors Is $ 15,500.00 
Overhead Doors Is $ 4,980.00 
Aluminum Windows Is $ 22,000.00 
Gypsum Boards Is $ 11,000.00 
Paint/Coat Plant Is $ 55,000.00 
Paint/Coat Piping ls $ 2,149.00 
Signs Is $ 3,000.00 
Dock Bumpers ls $ 1,165.00 
Raw Water Pumps ea $ 14,988.00 
Backwash Pumps ea $ 17,000.00 
Chlorine Booster Pumps ea $ 5,591.00 
Surface Wash Pumps ea $ 3,600.00 
House Water Pump ea $ 2,387.00 
Chemical Feed Equipment ls $ 71,500.00 

Chlorine Equipment Is $ 12,000.00 
Static Mixer (10") ea $ 2,800.00 
Chain Hoists ls $ 2,280.00 
Lab Equipment ls $ 8,000.00 

Package Treatment Plant Is $ 258,220.00 
Treatment Plant Building ls $ 83,000.00 

Metal Casework ls $ 6,000.00 
Furnishings ls $ 2,500.00 
Pre-Engineered Metal Building Is $ 99,400.00 

Desktop Computer ls $ 3,300.00 
Mechanical ls $ 135,000.00 
Electrical Is $ 180,000.00 

$ 1,457,302.00 

VI-8 



TELEMETRY SYSTEM 

At present, the supply system is tedious and very time

consuming to operate. Town maintenance people must frequently 

travel up the system to collect data, adjust valves, verify 

pressures, and check operating conditions. In this section is 

written narrative discussing means and methods of collecting 

necessary data and transmitting it to a Master Terminal Unit. 

The control and monitoring of the system will best be 

accomplished utilizing a radio-based telemetry package consisting 

of a Master Terminal Unit (MTU), Remote Terminal Units (RTU's), 

and Radio Communications Equipment (RCE). Prior to construction, 

a physical radio path should be completed. 

Communications - Local topography indicates 25-40 watt VHF 

radios in the 150-170 MHz bandwidths will provide secure and 

reliable communications. A digital radio repeater will be 

necessary at the Whaley PRV location. All remote sites will 

communicate to the MTU in Greybull through the repeater location. 

The repeater will require a minimum 50 feet high pole or tower. 

The repeater itself will also act as the local RTU for the Whaley 

site RTU. The repeater must be 12 VDC, powered and suitable for 

use with a solar power system. The solar power system will 

supply power for a minimum of seven days without sunlight. 

Master Terminal Unit (MTU) - The MTU will be located at the 

Greybull Town Shop. This unit will be the central monitoring and 

control point. The MTU shall consist of electronic and 

communications equipment that will allow an operator to monitor 

and/or control any remote site. The MTU will provide a local 

display of the system via a 17-inch color monitor. Access to the 

individual location screen displays will be accomplished through 

a local keyboard. The MTU will be supplied with an automatic 

telephone alarm dialer which will immediately call operations 

personnel in an alarm condition. This callout will only occur 

if the MTU is unmanned. 
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An Uninterruptible Power Supply (UPS) will be provided with 

the MTU to provide battery backup for the MTU in the event of 

power loss. The UPS will be sized to provide a minimum of 30 

minutes backup. 

Remote Terminal Units (RTU's) - All RTU's will be of the 

same manufacturer and model number. All RTU's will have the same 

Input/Output capability to provide for ease of service and 

minimize spare parts requirements on the part of the owner. All 

RTU's will be provided with a complete radio communications 

package consisting of radio, antenna, antenna cables, and antenna 

lightning protection. 

All RTU's will be programmable for the application 

requirements at a specific location. Application programs will 

be interchangeable between RTU's. Each RTU will provide local 

indication of the flowrates, flow totals, pressures, weights, 

etc. available at that specific location. Each RTU will be 

provided with the capacity to control a local PRV electrically. 

However, initially, their primary function is to collect and 

transmit data. RTU's shall be supplied to operate from either 

120 VAC power or a solar power system supplied with the RTU. 

Each RTU will be supplied with a battery system suitable for 

supplying power for a minimum of eight hours upon loss of utility 

power or for seven days if system is solar powered. 

Instrumentation - Flowmeter electronics will be two wire/24 

VDC powered. Electronics will provide a 4-20 rnA output 

representing flow. A dry contact closure representing 100-1000 

gallons (user definable) for flow totalization will be supplied. 

Pressure Transmitters - Upstream and downstream pressure 

transmitters will be supplied with block-and-bleed type isolation 

valves. All wetted material will be stainless steel or Hastalloy 

C. Transmitters will be two wire/24 VDC type. Transmitters will 

supply 1 4-20 rnA signal proportional to pressure. 

Chlorine Systems - All chlorine information supplied to the 

control system will be supplied with the chlorine system. 

Signals representing weights, flowrates, etc. will be 4-20 rnA. 
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The following estimates assume that 120/240 volt, AC power 

is available at each location with the exception of the Whaley 

PRV which is configured to be solar-powered. If AC power is 

available for less than $5,000-$10,000 at this location, it is 

recommended to be installed. 

Location - Greybull Town Shop 

1. 
2. 
3. 

Telemetry/Communications Equipment 
Instrumentation/End Devices 
Installation 
Site Total 

Location - Greybull Tank PRV 

1. 
2. 
3. 

Telemetry/Communications Equipment 
Instrumentation/End Devices 
Installation 
Site Total 

Location - Lucas PRV Vault 

1. 
2. 
3. 

Telemetry/Communications Equipment 
Instrumentation/End Devices 
Installation 
Site Total 

Location - Whaley PRV 

1. 
2. 
3. 

Telemetry/Communications Equipment 
Instrumentation/End Devices 
Installation 
Site Total 

Location - Smith PRV 

1. 
2. 
3. 

Telemetry/Communications Equipment 
Instrumentation/End Devices 
Installation 
Site Total 

Location - Shell Well #2 

1. 
2. 
3. 

Telemetry/Communications Equipment 
Instrumentation/End Devices 
Installation 
Site Total 

Estimated Total 
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$ 12,800 
o 

7,700 
$ 20,500 

$ 10,000 
1,500 
6,200 

$ 17,700 

$ 10,000 
2,500 
5,600 

$ 18,100 

$ 12,500 
2,500 

11,000 
$ 26,000 

$ 10,000 
2,500 
5,600 

$ 18,100 

$ 6,000 
10,000 

9,400 
$ 25,400 

$125,800 



The foregoing estimates have been constructed in a manner 

such that the Town can select which locations they choose to 

monitor. Also the system could be phased in over a period of a 

few years. A schematic of the monitoring and reporting system is 

depicted on Sheet 9 of the Conceptual Drawings. 

SUMMARY 

A summarization of estimated construction costs as presently 

envisioned is illustrated as follows: 

1) 

2) 

3) 

4) 

Rehabilitation of Supply System 

Surface Water Treatment Plant 

Telemetering and Reporting System 

Leak Survey 

Estimated Construction Total 
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$ 97,200 

$1,457,300 

$ 125,800 

$ 27,000 

$1,707,300 



GENERAL 

CHAPTER VII 

PERMITTING 

Several permits and approvals are required in order for the 

project to proceed through construction. The permitting process 

should be initiated during the design phase to assure the Town 

that the project has clear approval from those entities having 

jurisdiction. Special permits and approvals necessary are 

discussed herein. 

WDEQ Permit to Construct - When modifications to a municipal 

water supply system are made, a Permit to Construct must be 

obtained prior to construction from WDEQ. 

Septic-Leachfield Permit - As presently conceived, a septic 

tank-leachfield system would be required for disposal of domestic 

wastes generated at the facility. Small systems less than 2,000 

gallons/day may be permitted by the Big Horn County Sanitarian; 

otherwise permits are issued by WDEQ. 

Dried Chemical Sludge Disposal - As proposed, chemical 

sludge generated by the facility will be dried onsite and the 

dried residue will be packaged in porous bags weighing about 70 

pounds each. The sludge is inert in its dry form and is approved 

for burial in a sanitary landfill by Wyoming Department of 

Environmental Quality Solid and Hazardous Waste Division (WDEQ

SHWD). Disposal should be further approved by the local landfill 

operator. 

FCC License - Radio communications necessary to establish 

the telemetering system requires an FCC license. This license 

could be obtained on behalf of the Town by the installation 

contractor. 

Highway Approach Permit - Construction of an access road 

into the plant would be necessary. An approach permit from WYDOT 

would be necessary for connection to Highway 14. 

Land Acquisition/Easements - The site for the facility lies 

on lands owned by Ann Schubert. Either land would have to be 

purchased or a longterm lease negotiated. 
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Environmental Protection Agency - Although no formal permits 

are required for implementation of the project, in view of the 

issued Notice of Violation, they should be kept apprised of 

progress on the project. 
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CHAPTER VIII 

ECONOMIC ANALYSIS/ABILITY TO PAY 

G~EML 

Several Federal and State agencies are available to assist 

Greybull in the funding of this project. Discussion of each 

agency's program is presented herein, followed by an illustration 

of a typical financing scenario. 

Wyoming Water Development Commission - The Commission 

provides funding for design and construction of various types of 

water supply projects. Proposed improvements to the water 

transmission line, as well as the telemetry system, would be an 

eligible Level III project for WWDC funding. The financing 

package would likely consist of a 50% Grant-50% Loan offer. 

Costs for the surface water treatment plant would not be eligible 

for funding with WWDC. 

Wyoming State Farm Loan Board (FLB) - The Town's 

distribution upgrade projects are funded through the FLB. Funds 

have been appropriated up through Phase III. This project is 

also eligible for funding through the FLB. Since the remaining 

work is eligible through WWDC, it is likely that FLB would only 

participate in funding of the surface water treatment plant. 

Farm Loan Board's present policy is to offer 50% Grant-50% Loan 

at 7 1/4%. It should be noted that the grant funds are in high 

demand and shrinking supply, and desirable funding for this 

project could take some time in materializing. 

Rural Economic and Community Development (RE&CD) - RE&CD, 

formerly the Farmers Home Administration, presently offers grant 

and loan programs for water supply projects. They also 

participate jOintly with the State agencies in projects. The 

loans must be underwritten and guaranteed by passage and issuance 

of General Obligation Bonds. Eligible costs for financing 

include bond council, engineering, attorney expenses, and 

construction. Two overriding criteria govern the eligibility of 

a project to receive grant funding: 1) Annual indebtedness on 

water projects must exceed 10% of the median income per 
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equivalent water hookup; and, 2) Grant funding cannot result in 

suppressing monthly user fees to less than the average for the 

area. 

The median income in Greybull is $21,579 per year, so total 

annual indebtedness on water projects would have to exceed 

$215.79/equivalent hookup to become grant eligible. An estimate 

of present hookups is 1185; some adjustments would be necessary 

to arrive at equivalent hookups. However, an estimate of the 

annual indebtedness would be: 

1185 Hookups x $215.79 = $255,711 

PROJECT COSTS 

Estimated Level II and Level III project costs for the 

alternative projects as presently defined are illustrated below: 

Final Cost Estimates - Surface Water Treatment Plant - Level III 

Preparation of Final Designs 
and Specifications 

Permitting and Mitigation 
Legal Fees 
Acquisition of Access and ROW 

Cost of Project Components: 
Leak Detection Survey 
Transmission Line Rehab 
Telemetry System 
Water Treatment Plant 

Construction Cost Subtotal #1 
Engineering Costs (CCS#lx10%) 

CCS#2 
Contingency (CC#2x15%) 

Construction Cost Total 

Project Cost Total 
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$ 27,000 
97,200 

125,800 
1,457,300 

$1,707,300 
170,730 

$1,878,030 
281,700 

$ 125,000 

1,000 
20,000 
10,000 

$2,159,730 

$2,316,OOO(Rnd) 



A typical funding scenario is illustrated as follows: 

Repayment Analysis 

Surface Water Treatment Plant 

Project Cost: 
Components: 

Transmission Line 
SWTP 

Greybull's Portion: 

$2,316,000 

$ 351,390 
1,964,610 

50% - 50% WWDC 
50% - 50% FLB 

Transmission Line 
SWTP 

$ 175,695 
982,305 

Annual Cost $10,160 
Annual Cost = 81,158 

Annual Debt Retirement $91,318 

If the debt is retired through user fees, the resulting 

increase to the estimated 1185 hookups is about $77/yr., or 

$6.42/mo. These estimates are exclusive of annual Operations, 

Maintenance, and Repair (OM&R) costs, including labor, chemicals, 

electricity, depreciation, and salvage. 

If funding is sought from RE&CD, it does not appear that the 

project would be eligible for grant funding even considering 

obligations incurred through Phase III of the distribution system 

improvements; i.e.: 

Phase I, II, III Distribution Project 
Loan Portion 
Estimated Annual Repayment(7 1/4%-30 yrs.) 

This Proposed Project @100% Loan for 
Estimated Annual Repayment(5 1/4%-30 yrs.) 

Total Annual Indebtedness 

$ 982,305 
$ 81,158 

$2,332,000 
$ 156,086 

$ 237,244 

which is still less than the grant eligible limit of 
$255,711 estimated. 

In comparison to the foregoing estimates, it is worthwhile 

to revisit the estimated costs for developing a new well, as 

reviewed during the August 16, 1995 meeting with the Town. 
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As noted during the meeting, project costs to drill another well 

similar to Shell Valley #2 were less than treatment plant costs. 

Following the same cost format, project costs are estimated as 

follows, assuming a flowing artesian well can be obtained: 

Cost Estimate Aquifer Test Well - Level II 

1. Meetings & results presentation $ 9,500 
2. Geology, engineering, and permitting 24,000 
3. Consultant services during drilling 50,000 
4. Well construction sub-contract 310,000 
5. Aquifer flow testing 14,000 
6. Water quality testing 4,500 
7. Conceptual Design 2,000 

Estimated Level II Budget $ 414,000 

Final Cost Estimates - Groundwater Project - Level III 

Preparation of Final Designs 
and Specifications 

Permitting and Mitigation 
Legal Fees 
Acquisition of Access and ROW 

Cost of Project Components: 
Well (Completed in Level II) 
Control Tank 
Wellhouse and Valving 
Power Extension 
Assume 1 Mile Pipeline 
Leak Detection Survey 
Transmission Line Rehab 
Telemetry System 

Construction Cost Subtotal #1 
Engineering Costs (CCS#lx10%) 

CCS#2 
Contingency (CC#2x15%) 

Construction Cost Total 

Project Cost Total 
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$ 
35,000 
42,000 
30,000 

184,800 
27,000 
97,200 

125,800 

$541,800 
54,180 

$595,980 
89,400 

$ 49,000 

4,000 
1,000 
5,000 

$ 685,380 

$ 744,400(Rnd) 



Total Cost Estimate - Groundwater Option 

Level II - Aquifer Test Well 
Level III - Groundwater Project 

$ 414,000 
744,400 

Total Project Cost $1,158,400 

It should be noted, these costs are speculative until a 

feasible wellsite is identified and target depth determined. 

However, using these costs and assuming a WWDC-funding, the 

following annual repayment figures result: 

Groundwater Wells 

Project Cost: 

Components: 
Transmission Line 
Level II 
Level III 

Greybull's Portion: 
Transmission Line 
Level II 
Level III 

$1,158,400 

$ 351,390 
414,000 
393,010 

$ 175,695 
102,300 
129,690 

Annual Debt 

50% - 50% WWDC 
33% Drilling cost only 
67% - 33% WWDC 

Annual Cost = $10,160 
Annual Cost = 5,916 
Annual Cost = 7,500 

Retirement ~23E576 

An Annual Cost Analysis of both projects is illustrated as 
follows: 

Alternative 
SWTP 
Groundwater Well 

Project 
Cost 

$2,316,000 
1,158,000 

Debt 
Retire. 
$91,318 

23,576 

OM&R 
$88,840 

11,540 

Annual 
Cost 

$180,158 
35,116 

The Annual Costs translate to an estimated monthly cost for 

the 1185 users of $12.70/month and $2.47/month respectively. 

As illustrated, the groundwater alternative is less initial 

cost and less annual cost. 

VIII-5 



SUMMARY 

In summation, it appears at this point in time, an 

advantageous funding package lies with the State agencies if 

favorable priority can be obtained. The Town of Greybull's 

preferred approach of implementing a treatment plant to filter 

Shell Creek water represents an estimated annual repayment cost 

of $91,318. By comparison, for an artesian well flowing at the 

required rate within one mile of the transmission line results in 

an estimated annual repayment cost of $23,576. 
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CHAPTER IX 

CONCLUSIONS AND RECOMMENDATIONS 

As a result of the water system study, several conclusions 

can be drawn. They are: 

CONCLUSIONS 

1) Population of the service area is expected to 

experience limited growth. 

2) Pre-determined pressure settings for transmission line 

control valves would optimize water conveyance. 

3) Production records indicate excessive production of 

water. 

4) Excess water is being spilled from the 1 MG tank 

unnecessarily. 

5) Mainline water meters are not in operating condition. 

6) Hydraulic grade line evaluation indicates a leak(s) in 

the transmission line from the infiltration gallery to 

Shell. 

7) Air valve vaults do not meet current WDEQ regulations. 

8) Air Valves on the transmission line would benefit from 

a preventative maintenance program. 

9) The transmission line is capable of conveying a maximum 

of 1200 gpm at acceptable pressures. 

10) The Smith and Whaley Valves are currently operated 

outside design parameters for gate valves. 

11) The Shell Valley Well No's. 1 and 2 can sustain 

production of 200 gpm and 960 gpm for the next 30+ years. 

12) Some services are poorly designed, forcing the Town to 

operate the water system inefficiently. 

13) The Shell Tank operation only utilizes approximately 

five percent of the tank volume. 

14) A 950 gpm water treatment plant treating Shell Creek 

water is the most cost-effective alternative meeting local 

desires and State and Federal regulations. 
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15) An additional 250 gpm artesian supply well developed in 

close proximity to the transmission line is the more cost

effective means of increasing the water supply and 

mitigating the EPA-NOV. 

16) At this time, it appears the favored funding for this 

project is via State agencies. 

As a consequence of this study and evaluation, the following 

recommendations are offered: 

RECOMMENDATIONS 

1) The Town needs to move ahead with improving its water 

supply system particularly in effort to mitigate the EPA 

Notice of Violation. 

2) Greybull should apply to WWDC for a Level II project -

aquifer test well at an estimated cost of $414,000. 

3) Request a WWDC Level III project for funding of a leak 

detection survey, a telemetry system, recommended pipeline 

improvements, and new well appurtenances. 

4) Adjust the controls on the O.M.G. water tank to 

minimize spillage. 

5) The Town should clarify with EPA their full 

responsibilities for potable water delivery to the rural 

services. 

6) As operators of the water system, the Town should 

institute several policies regarding consumer hookups to the 

transmission system. 

A. The system will furnish water at pressure no less 

than 20 psi at the tap site, west of Sta. 110+00, 

on the pipeline as shown on the Town maps. 

B. East of Sta. 110+00, water shall be furnished, but 

pressure may vary from 0 to 20 pSi. 

C. All services shall include backflow prevention 

devices at the tap location. 

F. All service taps shall be inspected and approved 

by Town of Greybull personnel prior to service. 

IX-2 



7) The services south of Shell dependent on a full Shell 

Tank should be replumbed to allow full use of the tank. 

8) Review closely the proposed list of improvements in 

this report and carefully select and prioritize with input 

from your maintenance staff. 

9) Accept the findings presented in this report and move 

forward with the supply project while improving on an active 

preventative maintenance program. 
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SERVICE AREA: Greybull Shell Valle!: 
Population/Hookups 

1995 1821 134 Hookups 

2015 2057 usa Hookups 

DESIGN FLOWS: Greybull Shell Vallel 
(Year 2016) 

ADD 555,390 gpd 76,000 gpd 

IIDD 1,388,500 gpd 189,800 gpd 

Fire FloW' 3,500 gpm 1.000 gpm 

STORAGE: 
Equalization 8& Fire FloW', 25% Of Jlaximum Daily Demand 

Plus Fire FloW' storage 

Shell 

71 Hookups 

82 Hookups 

Shell 

40,400 gpd 

101,000 gpd 

1,000 gpm 

.25 x 1.679,300 gal + 120 min x 3500 gpm 
420,000 gal + 420,00 gal 

TREATMENT PROCESS 

Chemical Feed/Flash Jlix 
UpfloW' Flocculation/Contact Clarification 
Filtration 
Disinfection 
Stabilization 

FLOW RATE & DETENTION TIMES 

RaW' Water Supply: Shell Cr. Water Gravity via 14". E:zisting Pipeline 

Flash Mix - fr' Static lfixer 
UpfioW' Clarifier 
Filter 
Cleanrell 
Equalization Pond 

10 gpm/lt! 
5 gpm/ttfJ 
25.000 gal 
84.000 gal 
1400 GPJl Back1rash Rate/.5 mgd Filter 

Bacbrash Storage 56.000 gal (min.) 

C - T STORAGE 
CLg Residual Temperature 

~.4 PPM .. C 
S:.4 PPM 15 C 

Required storage 

Ph 
7.5 
7.0 

storage 
64,000 gal. 
48.000 gal. 

EquillzatiOD 25% % JlDD = 420,000 gal. 
Fire FloW' 2 hrs x 3500 gpm = 420,000 gal. 

Giardia Cyst 
Inactivation 

1 log 
1 log 

RECOJalENDED TOTAL SERVICE AREA STORAGE = 840,000 gal (rounded) 
EXISTING STORAGE = 1,350.000 gal. 
PROPOSED C-T STORAGE IN 88,000 ,al .. CLEAR1fEIL - THIS PROJECT 

Total 

671,790 gpd 
(466 gpm) 

1.679,300 gpd 
(1166 gpm) 

CHEMICAL FEED 
Alum 
Cationic Polymer 
Non-ionic Polymer 
Soda Ash 
Powder Activated Carbon 
ChloriDe 

10 - 15 
.05 - 2 
.02 - .5 
.. - 8 
Up To 20 
1 - 5 

PPM 
PPM 
PPM 
PPM 
PPM 
PPM 

Continuous Feed 
Continuous Feed 
Intermittant Feed 
Continuous Feed 
lntermittant Feed 
Continuous Feed 

RAW WATER CHARACTERISTICS 
Parameter 'Winter Snmmer 
Temperature l-Z' C 6-lSO C 
Ph 7.2-7.6 7.02 
Turbidity 1-2 NTU 4-8 NTU 
Alkalinity 20 PPM 28 PPM 
Hardness 25 PPM 32 PPM 
Conductivity 62 mmhos/cm 75 mmhos/cm 
Fluoride <.1 PPM <.1 PPM 
Nitrate (N) .16 PPM .09 PPM 
Arsenic <.001 PPM <.001 PPM 
Barium .02 PPM .02 PPM 
Cadmiun <.0001 PPM .0002 PPM 
Chromium <.01 PPM <.01 PPM 
Lead (total) <.001 PPM <.001 PPM 
Mercury (total) <.0001 PPM <.0001 PPM 
Selenium (total) <.001 PPM <.001 PPM 
Silver (total) <.0005 PPll <.0005 PPlll 
Coliform <1/100 ml <1/100 ml 

FINISH WATER QUAIJTY STANDARDS (1986 SDWA) 

~ORG~CS: Asbestos 
Arsenic 
Barium. 
Cadmium 
Chromium 
Floride 
Mercury 
Total Nitrate/Nitrite 
Selenium 
Lead 
Copper 

~ Trichloroethyiene 
CarboD tetrachloride 
l,l.1-Trichloroethane 
1,2-Dlchloroethane 
Vinyl chloride 
Benzene 
1.1-DichloroethyleDe 

7 mU/I > 
.05 PPM 
2 PPM 
.005 PPM 
.1 PPM 
4: PPM 
.002 PPM 
10 PPM 
.05 PPM 
.015 PPM 
1.3 PPM 

.005 PPM 

.005 PPM 

.20 PPM 

.005 PPM 

.002 PPM 

.005 PPM 

.007 PPM 

10 microns 

l in S. to% of samples 

MICBOBIQIPGICAL: Total Coliform Less than 40 samples/month 
1 positive. 40 samples or more/month 
DO more than 5 % E0s1tive 

Giardia lamblia 

Viruses 

Turbidit!: 0.5 NTU 95% of time 

Total Trihalomethanes (T'I'FIJls) 

RADIONUCUDES: Gross Alpha 

MCL=O for total colfform, fecal coliform 
& .E. coliform 
Jl.tn 01 :3 log removal (99.9%) 
MCL=O 
Jlin ot .. lqg removal (99.9%) 
MeL-O 

.10 PPlI. 

Combines Radium 226 at 
Radium 228 

15 pCi/I 
5 pCi/l 

Gross Beta 4 mrem/yr 
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90· ELL W I THRUST BLOCK 

CUT EXISTING 12"C/J A.C. LINE 
INSTALL 12"x12"x1rr' MJ TEE 

WI ADAPTER GLAND 
THRUST BLOCK 

SEE DETAIL BELOW 

12"C/J A.C. PIPELINE 
TO BE ABANDON 

OLD METER VAULT 
TO BE ABANDON 

INST.ALL (3) 1211¢ BFV 
Wi BOX AWWA C-504 

1 2" x 1 2" x 1 0" MJ TEE 
wi THRUST BLOCK 

NEW 12"0 PVC AWWA C-900 

14"0 PIPELINE 

CUT A.C. LINE 
INSTALL 90· ELL. M.J. 
W! ADAPTER GLAND 
THRUST BLOCK 

EXHAUST FAN 

REMOTE READOUT 

10' 

BASEBOARD HEAT 

5'0 
1'x10"~ 

STYLE 38 
DRESSER COUPLING 

GALV. 

LIGHT 2' 

I 2' 

-,/£-+ --- 12' ---~ 

PLAN VIEW 
NEW FLOW METER HOUSE 

AT 1.0 MG TANK 

4"0 SUCTION 
PIPE PVC 

10"0 CL-50 DIP 
FLG x PE 

MJxMJ BFV 
wi BOX THRUST 

1-
4' 

+-
y 

NO SCALE 

REMOTE READOUT 

RTV ~ ® 

C!{ \ " f){ i~ ~l~ 
II U1 

1 

SECTION VIEW 
NEW FLOW METER HOUSE 

AT 1.0 MG TANK 

~ ~ 

::e:: .,.... 

0 0) I 
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SCH 40 

"'""----24 MESH BRONZE OR 
z S.S. SCREENED OUTLET 
Lr-2'0 FROST -RETARDANT 

CONCRETE LID 

45· 

MANHOLE LID 

4'¢ OR 5"0 
MANHOLE 

1 /2"~ -3/4"¢ AIR 
RELIEF VALVE 

14"0 AC 
OSHA APPROVED 
MANHOLE STAIRS 

TAPPING 
SADDLE 

AIR VALVE VAULT DETAIL 
NTS 

NOTES: 
1.) SEAL EXTERIOR OF ALL JOINTS WI NON-SHRINK 

GROUT, "WATER PLUG" OR APPROVED EQUAL 
2.) SEAL OUTSIDE OF MANHOLE & BASE WI 2 COATS 

OF "THUROSEAL' OR APPROVED EQUAL 
3.) SEAL AROUND 14"¢ AC PIPE Wi "KOR-N-SEAL" 

OR APPROVED EQUAL 

EXISTING LINE 

COUPLl~JG ~

(TYP.) ------

4" GAT[ VALVe 
(TYP.) ---

12" x12" x4" TEE 
(TYP.) 

12" 90· BEND 
(TYP.) ___ ------

12" BUTIERFLY 
VALVE (TYP.) 

LINE 

4" x3" REDUCER 
(TYP .) 3" PRV 

~ __ p_RV___.I_l 

"'--12" x 1 2" x 1 2" TEE 
OR 

1 4" x 1 4" x 1 2" TEE 

"'-THRUST BLOCK 
(TYP.) 

DUAL PRESSURE RELIEF VALVE VAULT 
PLAN VIEW 

NTS 

24"¢ MANHOLE COVER 
WI WATER ON COVER 

REBAR 

10' 

L12" BUTIERFLY 
VALVE (TYP.) 

DUAL PRESSURE RELIEF \/ALVE VAULT 
PROFILE VIEW 

NTS 



GREYBULL TOWN SHOP 
A) HOST COMPUTER 
B) ALARM DIALER 
C) OPERATOR INTERFACE 

STATION 

GREYBU LL TANK PRY & FLOW METER 
Aj FLOW RATE 
B DOWNSTREAM PRESSURE 
C UPSTREAM PRESSURE 

~ / 
Iv' 

/ 
/ 

/ 
/ 

/ 
/ 

LUCAS - PRV VAULT 

/ 
/ 

/ 

A) UPSTREAM PRESSURE 
B) DOWNSTREAM PRESSURE 

------

WHALEY - PRV VAULT 
A) UPSTREAM PRESSURE 
B) DOWNSTREAM PRESSURE 
C) DIGITAL REPEATER 

ESTIMATE 50 FT. TOWER 

-----"':::-..;::0-----

GREYBULL WATER TREATMENT PLANT 
A) FLOW RATE 
B~ TOTALlZED READING 
C CHLORINE FEED RATE 
D POUNDS CHLORINE AVAILABLE 

---------

SMITH - PRV VAULT 
A) UPSTREAM PRESSURE 
8) DOWNSTREAM PRESSURE 

SHELL WELL CONTROL BUILDING 
A~ FLOW METER # 1 
8 FLOW METER #2 
C TANK LEVEL 
D CHLORINE FEED RATE 
E) POUNDS CHLORINE 

AVAILABLE #1 
F) POUNDS CHLORINE 

AVAILABLE #2 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION VIII 

Ref: 8WM-DW-PWSI&E 

CERTIFIED MAIL 

999 18th STREET - SUITE 500 
DENVER, COLORADO 80202-2466 

DEC 9 j993 

RETURN RECEIPT REQUESTED 

Mr. David Hennager 
Town of Greybull 
P.O. Box 271 
Greybull, WY 82426 

Dear Mr. Hennager: 

Re: Infiltration Gallery 
Influenced by Surface Water 
PWS ID# 5600022C 

Thank you for sending two sets of microscopic particu~ate 
analyses (MFA) results to the EPA for our evaluation. One set of 
samples (3) was collected on May 20, 1992, and analyzed by IEA 
Laboratory; the other (1) was collected on June 9, 1993, and 
analyzed by the Wyoming State Veterinary LaboratoT.y:. 

Another set of samples (3) collected in September, 1985 was 
also evaluated. However, analysis for these samples was very 
rough and was not based on quantitative values as specified in 
the Consensus Method for Determining Groundwaters Under the 
Direct Influence of Surface Water Using Mi'croscopic ·Particulate 
Analysis (MPA)j therefore, they are of little value to this 
determination. 

Both results showed that the infiltration gallery, which 
Greybull is using as a potable water supply source, is under 
moderate risk of being influenced by Shell Creek. lEA tests also 
indicated that the filtration efficiency of the infiltration 
gallery is less than 2-10g (99%) reduction in particles in the 
Giardia size range. Please note that this filtration efficiency 
comparison can only be a relative reference to a specific range 
of raw w~ter quality. A natural infiltration gallery cannot be 
compared to a conventional man-made filtration because adjustment 
cannot be made to improve filtration efficiency when raw water 
quality is bad. 

Greybull's turbidity records also support this infiltration 
inefficiency. Turbidity readings at the infiltration gallery 
outflow are very good most of the year except during runoff 
period when Shell Creek flow and turbidity are high. During this 
time (usually in May of each year) turbidity can be ten times 
worse than the rest of the year. This is a very good indication 
that the infiltration gallery is directly influenced by Shell 

Printed on Recycled Paper 



Mr. David Hennager 
Town of Greybull 

Creek. 

With these data, combined with the history that there were 
two suspected water-borne disease outbreaks caused by Giardia in 
the Town of Greybull during the past ten years, it is obvious 
that Greybull's infiltration gallery is unde~ the direct 
influence of Shell Creek. 

Therefore, the Surface Water Treatment Rule (SWTR) applies 
to the Town of Greybull. To comply with the SWTR, Greybull can 
either install filtration, meet the filtration avoidance criteria 
to remain unfiltered, or switch to another water supply source. 

If Greybull wishes to remain unfiltered, it must start to 
monitor the source water quality (turbidity and total/fecal 
coliform) no later than April 1, 1994. Greybull has to meet the 
filtration avoidance criteria by April 1, 1995. The filtration 
avoidance criteria include: meet source water quality, provide 
adequate disinfection determined by CT calculations, maintain 
adequate disinfectant residuals, provide disinfection equipment 
redundancy, maintain a watershed control program, and be subject 
to annual on-site visits. 

If Greybull decides to install filtration, the treatment 
facility must be in place within 18 months of this letter. 
However, EPA will work with Greybull concerning this statutory 
deadline based on the project progress recommended by Greybull's 
engineering consultant and dictated by your funding sources. 

Please inform EPA of your plans within 45 days of this 
letter. I am enclosing a copy of 40 CFR Subpart H (the SWTR) for 
your reference.· If you have any more questions, or need further 
assistance, please contact me or Mary Wu at 1-(800)227-8917 ext. 
1413; or (303)293-1702. 

Enclosure 

cc: Michael Mayville, Mayor 
Mike Carnevale, WWDC 

Sincerely, 

clJhtJ(k~ 
Debra J. i'avacs, Chief 
Public Water Supply 
Implementation and Enforcement 
Section 

Brad Miskimins, WFLB 
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Environmental ?rotedion Agency 

orspeciiied portions thereof. whicli 
waters are located within the bO~. 
arieS\ of such State. Such applicati n 
shall \ specify with Particularly e 
water3, or portions thereof, for w ch 
a com~lete prohibition is desired. e 
application shall include identific ion 
of water r~rea.t1onal areas., g 
water takes,. aquatic ~ct aries, 
identiiia Ie fish-spawning and ery 
areas, an areas of intensive oating 
activities. If, . on the basis f the 
State's ap llcation and any her In· 
formation vailable to, him. the Ad
ministrator' unable to e a find
ing that the waters listed in he appll· 
cation req a. complete rohlbltion 
ot any disch e in the w rs or por
tions thereof 'fovered by he applica
tion, he shall state the reasons why he 
ca.nnot make s~· ch a flncilhg, and shall 
deny the appll tion.. 11/ the Adm in is
trator I!l.a..k:es a f ding tha.t the wa.ters 
listed in the·a,ppllcatlon'require a. com
plete prohibition \of any discharge 1n 
all or any part o_~ the waters or por
tions thereot'-'Co~:\l by -the State's 
application,. he s publish notice of 
such findings toget r with a notice 01. 
proposed rule • and. then. shall 
proceed in, a.cco with 5 U.s.C. 
553. If the, A tors finding. is 
that appllcable' atel\ ~ quality stand-
ards require a mplete prohibition 
cover:mg a. more mcted or more ex-
panded area t . that I.pplled tor by 
the State, ~~~hall sta the reasons 
why his tin d1!!eI'S' scope· trom 

~~~ ~~:'~. t,he S . \ . :: "ap~~~~, 
(1) ~,r:~f..rog6~. . .',~":~~e dJs~ 
~iJ:"" vessel,;QL, ;,,~e. (whether;. ted.ol!"n~:wsa_ .. , .l~ 
prch1bl ~~ -r;~. : •• ;- .-, ... ~;~:;- ~.:.~ ... ~ .. :.~.: 

"~'"'~ ."Wj~~::d!¥;;;' 2 .~~. ;.$~\~~ 
des1an& _yO; :Uie-, ~oi';; ~~Iildf&W. ... 
Sioux. a.tlCl'. CuibOu. &oadlesa. ":1n.;Ule 
Superior lNat1oilaJ. Poteat.. M1nriesa ,88. de. 
&er1bed 16 U.s~C_577-5Tldl.. ,.. ""J. 

(41 FR 63~ Jan:. :tit 19'78~ sa amend 
7. AUC; 31. liTTl +" •• " 

Analytical procedureS:. .' .. 

F'L 141 

or subsp.quent revisions or nlL~nd
ments thereto, shall be empl\'!:," . .:d. 

PART 141-NATIONAL ~:~J~~~:;,:;Y 
DRINKING WATER REGLJc~TIONS 

Sec. 
141.1 AppllC?bllity. 
141.2 D~t1nit1ons. 
141.3 Coverz.ge. 
141.4 VariaIlces and exemptions. 
141.5 SIting requirements. 
141.6 Effective d.a.tes. 

~rt S-Max.imvm CGntamiaani levels 

141.11 Max1muw, contamjnant levels tar in
o rp.n.ic c.b.emic:aJ.s. 

141.12 Maxjmum contamjnant le·,e13 tor 
oI"i'3.Dlc c.hem1c:a..ls. 

141.13 Maxjmum. contaminant levels, for 
turbidity. 

14.1.15 Maximum contaminant levels for 
ra.d.1um-~ ra.d1um-228, and. gross algh& 
partJcle rad1o&ct.1v1 ty in community 
wu.e:r~ 

141.16 VaxtJnnm contaminant levels tor 
beta. p&I"t:ide &Dd. photon radioa.ct1vtty 
trom tD&IHII&de rsdlonucl1des 1n com
mUD.tt.7 1I'Uer qat.ema. 

s ., In C M I 11 ....... and Anatytkaj 
• , h ... nts 

141.:'U )(lc::robioJop:sl contam fnant sam
pline &Dd ~ reqUirements. 

141.22 Turt:I6d1t.7 amp Ung and a.nalyt1cal 
requh f .rmta-

141.:ll IDaq:anic chemical sam:pl1.Dz and 
a.na.l.7dcaI. requtrem.ents.. 

14.1.~ <Jra,aJa eben tea1s other than total. 
tr1b' .... "".". amp~ and. a.na.13t1-
callaqaia4 A"t&. 

l.~ ~. lDI!thoda for rad1.Oact1v-
1tl'. 

1.1.20· Monitarmc treqUeDcy tor rad1oa.c-
t111tr 111 C .,e Imtty wa.ter~ 

1 "l..rt .Altemar;a aaa1yt1cal.. tech.n1ques.. 
141.28" Awl oftd.l&boratories. 
141.~· IlcattariI:Jc ot consecutive pubUc 

water' Q'WterDa.. 
141.30 Total tzih"omethanes S&mIlllna'. an .. 

a..lytical1.Dd otb.er requirements. 

.APnKDxx .A.-8uJor.u:r or PtnlLIc COKJlll:%M:'S' 
.urn EPA RaPoznu::s Olf' PaoP08J:D 
.AJL:t:aDKLa is TO nm NAT.tOIfAI. I1rrJ::B..I:K. 
P1u::K.u:T OiwI:&:lBG WAn::&. .RzGm.A.:rIOlfS 
roll COJr'nOL or TamATOJCl:'%'l'tAll(D. Ill' 
DlultXDiO WArJ/Z:. 

.APnKDlX .B-&noIAJly or Muoa. CoKIIZZITS 
(:rca llCUiJ1'u:s.. D'Z A.PnxDn: A)· 

APnlrnxx C-A:lfALYSIa or "I'lu:lLu.o~ 
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§141.1 

Sec. 
Subpart O-~,p<.H·tirHl, Public Notification and 

~:t,ordk •• ping 

141.11 RepcrtL'1g requirements. 
1i1.32 Public nor:ification. 
141.33 Record maintenance. 
141.34 Public notice requirements pert2.tn· 

ing to lead. 
141.35 Reporting and public notification 

tor certain unregulated contaminants. 

Subpart E-Speciol Regulations, Including Mon
itoring Regulations and Prohibition on 
Le-ad Use 

141.40 Special monitoring for organic 
chemicals. (effective untU 7-30-92] 

141.40 Special monitoring for inorganic 
and organic chemicals. (effecthte 7-30-
92] 

141.41 Special monitoring for sodium. 
141.42 Special monitoring for corrosivity 

characteristics. 
141.43 Prohibition on use ot lead pipes. 

solder. and flux. 

Subpart F-Maximum Contaminant Lavel Goals 

141.50 Maximum conta.m1nant level goals 
for organic contaminants. 

141.51 Ma..ximum contaminant level goals 
for inOrganic contaminants. 

141.52 Maximum conta.m1nant level goals 
tor microbiological contaminants. 

Subpart G-National Reviled Primary Drinking 
Water Regulatlonl: Maximum Contaminant 
Lavets 

141.60 Effective dates. 
141.61 Maximum contaminant levels tor 

organic contaminants. 
141.62 Maximum contaminant levels tor in

organic contaminants. 
141.63 Maximum contaminant levels 

(MCLs) for microbiological contami· 
nants. 

SUbpart H-filtration and Disinfection 

141.70 General requirements. 
141.71 Criteria for avold.1ng :flltration. 
141.72 DIsin!ection. 
141.73 PUtration. 
141.74 Analytical and. monitoring require

ments. 
141.75 Reporting and recorcikeeping re

quirements. 

Svbpart l-Control of Lead and Copper 

141.80 General requirements. 
141.81 Appllca.bWty of. corrosion control 

treatment :steps to small. medium-size 
and la.ra-e water systems. 

40 CPR Ch. I (7-1-92 Edition) 

Sec. 
141.82 Descr~ption of corrosion control 

treatment requirements. 
141.83 Source water treatment require

ments. 
141.84 Lead service line replacement re· 

quirements. 
141.85 Public education and supplemental 

monitoring requirements. 
141.86 MonitOring requirements for lead 

and copper in tap water. 
141.87 MOnitOring requirements for water 

quality pa.rameters. 
141.88 MonitOring requirements for lead 

and copper in source water. 
141.89 AnsJytlcal methods. 
141.90 Reporting requirements. 
141.91 Recordkeeping requirements. 

Subpart J-Use of Non-C.ntrafi%ed Tr&atment 
Device. 

141.100 Criteria and procedures for public 
water systems using point-of·entry de
vices. 

141.101 Use of other non-centralized treat
ment devices. 

Subpart K-Treatment Technique. [eHKtive 7. 
30-92] 

141.110 General requirements. 
141.111 Treatment techniques for acrylam

ide and epichlorohyd.rin. 

AtrI'HoltIT'r. 42 U.S.C. 300f. 300g-l. 300g-2. 
300g-3. 300g-4 •. 300g-5. 300g-6. 300J-4. and 
300J-9. 

SOURCE: 40 PR 59570. Dec. 24. 1975. unless 
otherwise noted. 

Non;: For community water systems serv
ing 75.000 or more persons. monitoring must 
begin 1 year following promulation and the 
e!.fective date of the MCL is 2 years follow
ing promulgation. For community water sys
tems serving 10.000 to 75.000 persons. moni
toring must begin within 3 years from the 
date ot promulgation and the e!feetive date 
of the MeL is 4 years from the date of pro
mulgation. Effective immediately. systems 
that. plan to make . signifIcant moditica.t1ons 
to their treatment processes tor the purpose 
at complying with the TTHM: MCL are re
quired to seek and obtain State approval of 
their treatment modification pl8.IlS. Thls 
note a.!fects § § 141.2. 141.6. 141.12. 141.24 
and 141.30. For additional 1n!onna.t1on see 
44 FR 68641. Nov. 29. 1979. 

Subpart A-General 

§141.1 Applicability. 

This part esta.blishes pr1m.ary drink .. 
1n.g wa.ter regula.tions pursuant to sec-
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Environmental Protection Agency 

(54 FR 27566. June 29. 1989; 55 F"rl. 25064. 
June 19. 1990] 

Subpart H-filtration and Disinfection 

SOURCE: 54 FR 27527. June 29, 1989, unless 
otherwise noted. 

§ 141.70 General requirements. 
(a) The requirements of this subpart 

H constitute national primary drink
ing water regulations. These regula
tions establish criteria under which fil
tration is required as a treatment tech
nique for public water systems sup
plied by a surface water source and 
public water systems supplied by a 
ground water source under the direct 
influence of surface water. In addition, 
these regulations establish treatment 
technique requirements in lieu of max
imum conta.minant levels for the fol
lowing contaminants: Giardia Lamblia. 
viruses. heterotrophic plate count bac
teria. Legionella. and turbidity. Each 
public water system with a surface 
water source or a ground water source 
under the direct influence of surface 
water must provide treatment of that 
source water that complies with these 
treatment technique requirements. 
The treatment technique require
ments consist of installing and proper
ly operating water treatment processes 
which reliably achieve: 

(1) At le~t 99.9 percent (3-1og) re
moval and/or inactivation of Giardia 
Lamblia Cysts between a, point where 
the raw water is not subject to recon
tamination by surface water runoff 
and a point downstream before or. at 
the first customer; and 

(2) At least 99.99 percent (4-1og) re
moval and/or inactivation of viruses 
between a point where the- raw water 
is not" subject to recontamination by 
surface water. runoff and. a point 
downstream before or at the first cus
tomer. 

(b) A public water system using a 
surface water source or a. ground water
source under. the direct influence of 
surface water- is considered to be in 
compliance with the requirements of 
paragraph (a) of this section if: 

(1) It meets the requirements- for 
avoiding- flltration in § 141.71 and the 
disinfection requirements in 
§ 141.72(a); or 
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(2) It meets the filtration require
ments in § 141.73 and the disinfection 
requirements in § 141.72(b). 

(c) Each public water system using a 
surface water source or a ground water 
source under the direct influence of 
surface water must be operated by 
Qualified personnel who meet the re
Quirements specified by the State. 

§ 141.71 Criteria for avoiding filtration. 

A public water system that uses a 
surface water source must meet all of 
the conditions of paragraphs (a) and 
(b) of this section, and is subject to 
paragraph (c) of this section, begin
ning December 30. 1991. unless the 
State has determined. in writing pur
suant to § 1412(b)(7)(C)(iiD, that fil:. 
tration is required. A public water 
system that uses a ground water 
source under the direct influence of 
surface water must meet all of the 
conditions of paragraphs (a) and (b) of 
this section and is subject to para
graph (c) of this section. beginning 18 
months after the State determines 
that it is under the direct influence of 
surface water. or December 30. 1991. 
whichever is later. unless the State 
has determined. in writing pursuant to 
§ 1412(b)(7)(C)(iiD. that filtration is 
required. If the State determines in 
writing pursuant to § 1412(b)(7)(C)(iii) 
before December 30, 1991. that filtra
tion is required. the system must have 
installed filtration and meet the crite
ria for filtered systems specified in 
§ § 141.72(b) and 141.73 by June 29. 
1993. Within 18 months of the failure 
of a system using surface water- or a 
ground water source under the direct 
influence of surface water to meet any 
one of the requirements of paragraphs 
(a) and (b) of this section or after 
June 29, 1993. whichever is later, the 
system must have installed filtration 
and mee" the criteria. for filtered sys
tems specified in §§ 141.72(b) and 
141.73. 

(a) SOUTce '!Dater qualitv conditions. 
(1) The fecal coliform concentration 
must be equal to or less than 20/100 
ml. or the total coliform concentration 
must be equal to or less than 100/100 
ml (measured as specified in § 141.74 
(a)(l) and (2) and (b)(1», in represent
ative samples of the source water im .. 
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mediately prior to the first or only 
point of disinfectant application in at 
least 90 percent of the measurements 
made for the 6 previous months that 
the system served water to the public 
on an ongoing basis. If a system mea.c;· 
ures both fecal and total coliforms. 
the fecal coliform criterion. but not 
the total coliform criterion. in this 
paragraph must be met. 

(2) The turbidity level cannot exceed 
5 NTU (measured as specified in 
§ 141.74 (a)(4) and (b)(2» in represent
ative samples of the source water im
mediately prior to the first or only 
point of disinfectant application 
unless: (1) the State determines that 
any such event was caused by circum
stances that were unusual and unpre
dictable: and (11) as a result of any 
such event. there have not been more 
than two events in the past 12 months 
the system served water to the public. 
or more than. five events in the past 
120 months the system served water to 
the public, in which the turbidity level 
exceeded 5 NTU. An "event" is a series 
of consecutive days during which at 
least' one turbidity measurement each 
day exceeds 5 NTU. 

(b) Site-spec1!ic conditions. (1)(0 
The public water system must meet 
the requirements of § 141.72(a)(I) at 
least 11 of the 12 previous months 
that the system served water to the 
public, on an ongoing basis, unless the 
system fails to meet the requirements 
during 2 of the 12 previous months 
that the system served water to the 
public, and the State determines that 
at least one· of these failures was 
caused by circumstances that were un
usual and unpredictable. 

(ii) The public water system must 
meet the requirements ot 
§ 141.72(a){2) at all times the system 
serves water'to the publlc. 

(lID The public water system must 
meet the:- requirements of 
§ 141.72(a)(3) at all times the system 
serves water. to the public unless the 
State determines- that any such fa.1lure 
was caused by circumstances that were
Unusual and unpredictable. 

(lv) The public water system must 
meet the. requirements ot 
§ 141.72(a)(4) on an ongoing basis 
unless the State determines that fall
ure to meet these requirements was 
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not caused by a deficiency in treat
ment of the source water. 

(2) The public water system must 
maintain a watershed control program. 
which minimizes the potential for con
tamination by Giardia Lamblia cysts 
and viruses in the source wa.ter. The 
State must determine whether the wa
tershed control program. is adequate to 
meet this goal. The adequacy of a pro
gram to limit potential contamination 
by Giardia Lamblia cysts and viruses 
must be based on: the comprehensive
ness of the watershed review; the ef· 
fectiveness of the system's program to 
monitor and control detrimental ac
tivities occurring in the watershed: 
and the extent to which the water 
system has maximized land ownership 
and/or controlled land use Vlithin the 
watershed. At a· minimum. the water
shed control program must: 

(i) Characterize the watershed hy
drology and land ownership; 

(Ii) Identify watershed characteris
tics and activities which may have an 
adverse effect on source water quality; 
and 

(Ul) Monitor the occurrence of ac
tivities which may have an adverse 
effect on source water quality. 

The- public water" system must dem
onstrate through ownership and/or 
written agreements with landowners 
within the watershed that it can con
trol all human activities which may 
have an adverse impact on the micro
biological quality of the source water. 
The; public water system must' submit 
an annual report to the State that 
identities any special concerns about 
the watershed and how they are being 
handled;'- describes activities in the wa
tershed that affect water quality; and 
projects what adverse activities' are ex
pected to occur in· the future and de
scribes how the public water system 
expectS to address them. For- Systems 
using a ground water source under the
direct fnfluence-- ot" surface water. an 
approved wellhead protection program 
developed-- under"- sectIon 1428 of the 
Safe- Drinking Water Act may be used., 
it the- state deems it appropriate, to 
meet these requirements. 

(3) The· public water system must be 
subject to an annual on-site inspectIon 
to assess the watershed control pro
gram and disinfection treatment proc-
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ess. Either the State or a party ap
proved by the State must conduct the 
on-site inspection. The inspection 
must be conducted by competent indi
viduals such as sanitary and civil engi
neers, sanitarians, or technicians who 
have experience and knowledge about 
the operation and maintenance of a 
public water system, and who have a 
sound understanding of public health 
principles and waterborne diseases. A 
report of the on-site inspection sum
marizing all findings must be prepared 
every year. The on-site inspection 
must indicate to the State's satisfac
tion that the watershed control pro
gram and disinfection treatment proc
ess are adequately designed and main
tained. The on-site inspection must in
clude: 

(D A review of the effectiveness of 
the watershed control program; 

(H) A review of the physical condi
tion of the source intake and how well 
it is protected; 

(Hi) A review of the system's equip
ment maintenance program to ensure 
there is low probability for failure of 
the disinfection process; 

(iv) An inspection of the disinfection 
equipment for physical deterioration; 

(v) A review of operating procedures; 
(vi) A review of data records to 

ensure that all required tests are being 
conducted and recorded and disinfec
tion is effectively practiced; and 

(vii) Identification of any improve
ments which are needed in the equip
ment, system maintenance and oper
ation, or data collection. 

(4) The public. water system must 
not have been identified as a source of 
a waterborne disease outbreak, or if'It 
has been so identified, the system. 
must have been modified sufficiently 
to prevent another such occurrence, as 
determined by the State; 

(5) The public water system must 
comply with. the maximum. contami
nant level (MeL) for total. coliforms in 
§ 141.63 at least 11 months of the 12 
previous months that the system 
served water to the public, on an ongo
ing basis, unless the State determines 
that failure to meet this requirement 
was not caused by a deficiency in 
treatment of the source water. 
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(6) The public water system must 
comply with the requirements for tri
halomethanes in § § 141.12 and 141.30. 

(c) Treatment technique violations. 
(1) A system that (D fails to meet any 
one of the criteria in paragraphs (a) 
and (b) of this section and/ or which 
the State has determined that filtra
tion is required. in writing pursuant to 
§ 1412(b)(7)(C)(Hi), and (i1) fails to in
stall filtration by the date specified in 
the iritroductory paragraph of this 
section is in violation of a treatment 
technique requirement. 

(2) A system that has not installed 
filtration is in violation of a treatment 
technique requirement if: 

(i) The turbidity level (measured as 
specified in § 141.74(a)(4) and (b)(2» 
in a representative sample of the 
source water immediately prior to the 
first or only point of disinfection ap
plication exceeds 5 NTU; or 

(H) The system is identified as a 
source of a waterborne disease out
break. 

§ 141.72 Disinfection. 

A public water system that uses a 
surface water source and does not pro
vide filtration treatment must provide· 
the disinfection treatment specified in 
paragraph (a) of this section begin
ning December 30, 1991. unless the 
State determines that filtration is re
quired in writing pursuant to § 1412 
(b)(7)(C)(iii). A public water system 
that uses a ground water source under 
the direct influence of surface water 
and does not provide filtration treat
ment must provide disinfection treat
ment specified in paragraph (a) of this 
section beginning December 30, 1991. 
or 18 months after the State deter
mines that the ground water" source- is 
under the influence of surface water~ 
whichever· is later, unless· the _ State 
has determined that fUtration is· re
quired in writirig pursuant to 
§ 1412(b)(7)(C)(lli). U the Sta.te.has·de
termined that fUtration is- required, 
the system must comply· with. any in
terim disinfection requirements the 
State deems necessary before· filtra
tion is installed. A· systellL that- uses; a. 
surface water source that provides fU
tration treatment must provide the 
disinfection treatment specified In 
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paragraph (b) of this section beginnng 
June 29. 1993, or beginning when fil
tration is installed. whichever is later. 
A system that uses a ground water 
source under the direct influence of 
surface water and provides filtration 
treatment must provide disinfection 
treatment as specified in paragraph 
(b) of this section by June 29. 1993. or 
beginning when filtration is installed. 
whichever is later. Failure to meet any 
requirement of this section after the 
applicable date specified in this intro
ductory paragraph is a treatment 
technique violation. 

(a) Disinfection requirements for 
public water systems t.hat do not pro
vide filtration. Each public water 
system that does not provide filtration 
treatment must provide disinfection 
treatment as follows: 

(1) The disinfection treatment must 
be sufficient to ensure at least 99.9 
percent·( 3-log) inactivation of Giardia 
lamblia cysts and 99.99 percent (4-1og) 
inactivation of viruses, every day the 
system serves water to the public. 
except anyone day each month. Each 
day a system serves water to the 
public. the pubUc water system must 
calculate the CT value(s) from the sys
tem's treatment parameters, using the 
procedure specified in § 141.74(b)(3). 
and determine whether this value(s) is. 
sufficient to achieve the specified inac
tivation rates for Giardia lamblia. 
cysts and viruses. If a system uses a 
disinfectant other than chlorine. the 
system may demonstrate to the State, 
through the use of a State-approved 
p'rotocol for. on-site .disinfection chal
lenge studies or other information sat
isfactory to the State, that CT ..... 
values other than those specified in 
Tables 2.1 and 3.1 in § 141.74(b)(3) or 
other operational parameters are ade-· 
quate- to d~monstrate that the system 
is achieving.' minimum inactivation 
rates required. by paragraph (a)(1) of. 
this section.. 

(2) TIle· disinfection. system must 
have either (n redundant components, 
including:' an. auxiliary power- supply 
with automatic start-up and alann to 
ensure that disinfectant application is 
maintained continuously while water 
Is being delivered to the distribution 
system. or (il) automatic shut-of! .of 
delivery of water to the distribution 
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system whenever there is less than 0.2 
mg/l of residual disinfectant concen
tration in the water. If the State de
termines that automatic shut-off 
would cause unreasonable risk to 
health or interfere with fire protec
tion. the system must comply with 
paragraph (a)(2)(i) of this section. 

(3) The residual disinfectant concen
tration in the water entering the dis
tribution system. measured as speci
fied in § 141.74(30)(5) and (b)(5), cannot 
be less than 0.2 mg/l for more than 4 
hours. 

(4)(i) The residual disinfectant con
centration in the distribution system. 
measured as total chlorine,. combined 
chlorine, or chlorine dioxide, as speci
fied in § 141.74(30)(5) and (b)(S), cannot 
be undetectable in more than 5 per
cent of the samples each month, for 
any two consecutive months that the 
system serves water to the public. 
Water in the distribution system with 
a heterotrophic bacteria concentration 
less than or equal to 500/ml. measured 
as heterotrophic plate count (HPe) as 
specified in § 141.74(30)(3), is deemed to 
have a detectable disinfectant residual 
for purposes of determining compli
ance with this requirement. Thus. the 
value "V" in' the following formula 
cannot exceed 5 percent in one month. 
for any two consecutive months. 

v= xlOO 

where: 
a= number of instances where the residual 

disinfectant concentration is measured: 
b=number of instances where'the residual 

disinfectant concentration is not meas
ured but heterotrophic bacteria plate 
count (HPC) is measured; 

c=number of instances where the residual 
disiniectant concentration is measured 
but not detected and no HPe is meas
ured: 

d-number of instances where the residual 
d1s1n!ectant concentration Is' measured' 
but not detected and where the' EPC is 
>500/ml; and 

e == number of instances where the residual 
d1s1n!ectant concentration is not mea.s
ured and HPC is, > 500/ml. 

<Ii) If the State determines. based on 
site-specifIc considerations. that a 
system has no means for having a 
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sample transported and analyzed for 
HPC by a certified laboratory under 
the requisite time and temperature 
condi tions specified by § 141.7 4( a)( 3 } 
and that the system is providing ade
quate disinfection in the distribution 
system. the requirements of para
graph (a}(4}(i) of this section dQ not 
apply to that system. 

(b) Disinfection requirements for 
public water systems which provide fil
tration. Each public water system that 
provides filtration treatment muSt 
provide disinfection treatment as fol
lows. 

( 1) The disinfection treatment must 
be sufficient to ensure. that the total 
treatment processes of that system 
achieve at least 99.9 percent (3-log) in
activation and/or removal of Giardia 
lamblia cysts and at least 99.99 per
cent (4-log) inactivation.and/or remov
al of viruses, as determined by the 
State. 

(2) The residual disinfectant concen
tration in the water entering the dis
tribution system. measured as speci
fied in § 141.74 (a)(5) and (c)(2), 
cannot be less than 0.2 mg/l for more 
than 4 hours. 

(3)(D The residual disinfectant con
centration in the distribution system, 
measured as total chlorine, combined 
chlorine. or chlorine dioxide. as speci
fied in § 141.74 (a)(5) and (c)(3), 
cannot be undetectable in more than 5 
percent of the samples each month. 
for any two consecutive months that 
the system serves water to the public. 
Water in the distribution system with 
a heterotrophic bacteria concentration 
less than. or equal to 500/ml, measured 
as heterotrophic plate count (HPC) as 
specified in §·141.74(a)(3), is deemed to 
ha ve a detectable disinfectant residual 
for purposes of .. determining compil
ance with. this. requirement. Thus, the. 
value "V" in. the following formula. 
cannot exceed 5 percent. in one month .. 
for any two consecutive months. 

xlOO 

where: 
a-number ot. instances where the residual 

d1s1n!ectant concentration is measured; 
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b == number of instances ~here the residual 
disinfectant concentration is not meas
ured but heterotrophic bacteria. pla.te 
cOWlt <HPC) is measured: 

c==number of instances where the residual 
disinfectant concentration is measured 
but not detected and no HPC is meas
ured: 

d=nwnber of instances where no residual 
disinfectant concentration is detected 
and where the HPC is >500/ml: and 

e == number of instances where the. residual 
disinfectant concentration is not meas
ured and HPC is > 500 1m!. 

(11) If the State detennines, based on 
site-specific considerations, that a 
system has no means for having a. 
sample transported and analyzed for 
HPC by a cert1!ied laboratory under 
the requisite time and temperature 
conditions spec1!ied in § 141.74(a)(3) 
and that the system is providing ade
quate disinfection in the distribution 
system. the requirements of para
graph (b)(3}(l) of this section do not 
apply. 

§ 141.73 Filtration. 
A public water system that uses a 

surface water source or a ground water 
source under the direct influence of 
surface water, and does not meet all of 
the criteria in § 141.71 (a) and (b) for 
avoiding filtration, must provide treat
ment consisting of both disinfection. 
as specified in § 141.72(b), and filtra
tion treatment which complies with 
the requirements of paragraph (a)~ (b), 
(c), (d). or (e) of this section by June 
29, 1993, or within 18 months of the 
failure to meet any one of the criteria. 
for avoiding' filtration in § '141. 71- (a) 
and (b), whichever is later. Failure to 
meet any requirement ot this section 
after. the date specified in this· intro
ductory paragraph is a.. treatment 
techniQ ue' violation. 

(a) Conventional filtration treat:. 
ment or direct ftltration. (1) For sys
tems' using conventIonal filtration or 
direct filtration. the turbidity' level of 
representative samples' of ~ system's 
filtered water· must· be- less-' than or 
equal to 0.5 NTU in at least 95- percent 
of the measurements taken each 
month, measured as specified in' 
§ 141.74 (a.)(4) and' (e)(1). except thatll· 
the State determines that the system 
is capable ot achieving at least 99.9 
percent removal and/or inactivation of 
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Giardia lamblia cysts at some turbidi
ty level higher than 0.5 NTU in at 
least 95 percent of the measurements 
taken each month. the State may sub
stitute this higher turbidity limit for 
that system. However. in no case may 
the State approve a turbidity limit 
that allows more than 1 NTU in more 
than 5 percent of the samples taken 
each month. measured as specified in 
§ 141.74 (a)(4) and (c)(1). 

(2) The turbidity level of representa
tive samples of a system's fIltered 
water must at no time exceed 5 NTU. 
measured as specified in § 141.74 (a)(4) 
and (c)(1). 

(b) Slow sand filtration. (1) For sys
tems using slow sand flltration. the 
turbidity level of representative sam
ples of a system's filtered water must 
be less than or equal to 1 NTU in at 
least 95 percent of the measurements 
taken each month. measured as speci
fied in § 141.74 (a)(4) and (c)(1), except 
that if the State determines there is 
no significant interference with disin
fection at a higher turbidity level, the 
State may substitute this higher tur
bidity limit for that system. 

(2) The turbidity level of representa
tive samples of a system's filtered 
water must at no time exceed 5 NTU. 
measured. as specified in § 141.74 (a)(4) 
and (c)(1). 

(c) Diatomaceous earth filtration. 
(1) For systems using diatomaceous 
earth flltration. the turbidity level of 
representative samples of a system's 
filtered water must be less than or 
equal to 1 NTU in at least 95 percent 
of the measurements taken each 
month. measured as specified in 
§ 141.74 (a)(4) and (c)(!). 

(2) The turbidity level of representa
tive samples of a system's filtered 
water must at no time exceed 5- NTU, 
measured as specified in § 141.74 (a)(4) 
and (c)(1). 

(d) Other filtration technologies. A 
public water system ma.y use a filtra
tion technology not listed in para· 
graphs (a)-{c) of this section if it dem-· 
onstrates to the- State. using: pilot 
plant studies or other means, that the 
alternative filtration technology, in 
combination with-. disinfection treat
ment that meets the requirements of 
§ 141.72(b), consistently achieves 99.9 
percent removal and/or inactivation of 
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Giardia Lamblia cysts and 99.99 per
cent removal and/or inactivation of vi
ruses. For a system that makes this 
demonstration. the requirements· of 
paragraph (b) of this section apply. 

§ 141.74 Analytical and monitoring re· 
quirements. 

(a) Analytical requirements. Only 
the analytical methodes) specified in 
this paragraph. or otherwise approved 
by EPA, may be used to demonstrate 
compliance with the requirements of 
§§ 141.71, 141.72. and 141.73. Measure
ments for pH. temperature, turbidity. 
and residual disinfectant concentra
tions must be conducted by a party ap
proved by the State. Measurements 
for total coliforms, fecal coliforms. 
and HPC must be conducted by a labo
ratory certified by the State or EPA to 
do such analysis. Until laboratory cer
tification criteria are developed for 
the analysis of HPC and fecal coli
forms. any laboratory certified for 
total coliform analysis by EPA is 
deemed certified for HPC and fecal 
coliform analysis. The following proce
dures shall be performed in accord· 
ance with the publications listed in 
the following section. This incorpora
tion by reference was approved by the 
Director of the Federal Register in ac
cordance with 5 U.S.C. 552(a) and 1 
CPR part 51. Copies of the methods 
published in Standard. Methods lor the 
Examination 0/ Water and 
Wastewater may be obtained from the 
American Public Health Association et 
al .. , 1015 Fifteenth Str~et. NW., Wash· 
ington. DC 20005: copies of the Mini
mal Medium ONPG-MUG Method as 
set forth in the article "National Field 
Evaluation of a Defined Substrate 
Method for the Simultaneous Enu
meration of Total Coll!onns . and 
Esheri.chia coli from Drinking Water: 
Comparison with the Standard Multi
ple Tube Fermenta.tion - Method" 
(Edberg et al.), Applied- and Environ
mental MIcrobiology, Volume 54. pp. 
1595-1601. June 1988 (as. amended 
under Erratum. Applied and Environ· 
mental Microbiology. Volume 54, p. 
3197,. December. 1988),. may be ob
ta.ined from. the American Water 
Works Association Research Pounda
tion, 6666 West Quincy Avenue. 
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Denver. Colorado, 80235; and copies of 
the Indigo Method as set forth in the 
article "Determination of Ozone. in 
Water by the Indigo Method" (Bader 
and Hoigne), may be obtained from 
Ozone Science & Engineering, Perga
mon Press Ltd.. Fairview Park. Elms
ford. New York 10523. Copies may be 
inspected at the U.S. Environmental 
Protection Agency, Room EB15. 401 M 
Street. SW., Washington. DC 20460 or 
at the Office of the Federal Register, 
1100 L Street, NW., Room 8401. Wash
ington. DC. 

(1) Fecal coliform concentration
Method 908C (Fecal Coliform MPN 
Procedures), pp. 878-880. Method 
908D (Estimation of Bacterial Densi
ty). pp. 880-882, or Method 909C 
(Fecal Coliform Membrane Filter Pro
cedure), pp. 896-898. as set forth in 
Standard Methods for the Examina
tion of Water and Wastewater, 1985, 
American Public Health Association et 
al.. 16th edition. 

(2) Total coliform concentration
Method 908A (Standard Total Coli
form Multiple-Tube (MPN) Tests), 
pp. 872-876. Method 908B (Application 
of Tests to Routine Examinations) •. pp. 
876-878, Method 9080 (Estimation of 
Bacterial Density), pp. 880-882,. 
Method 909A (Standard Total Coli
form. Membrane Filter-Procedure), pp. 
887-894. or Method 909B (Delayed
Incubation Total Coliform Procedure), 
pp. 894-896. as set forth in Standard 
Method3 for' the Examination of Water 
and Wastewater, 1985. American 
Public Health Association et al •• _ 16th
edition: Minimal Medium ONPG
MUG Test. as set forth in the article 
"National Field Evaluation. of Sa De
fined Substrate Method for the SImul
taneous Enumeration of Total Coll
forms and Escherichia coli. from 
Drinking Water: Comparison with the 
Standard Multiple -Tube Fermentation 
Method" (Edberg .. et &1.), ·Applied and 
Environmental Microbiology, Volume 
54. pp. 1595-1601.. June~ 1988. (as 
amended under:' . Erratum , Volume-: 54-.. 
p. 3197, December; 1988). 

<Non::: The M1n1mal Medium- ONPG
MUG Test is sometimes referred to as- the 
Autoa.n.a.1ysis Colllert System). Systems. ma.y 
use & five-tube test or a.. ten-tube test •. 

(3) Heterotrophic Plate Count
Method 907A (Pour Plate Method), 
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pp. 864-866. as set forth in Standard 
Methods jor the Examination of Water 
and Wastewater, 1985. American 
Public Health Association et al., 16th 
edition. 

(4) Turbidity-Method 214A (Nephe
lometric Method-Nephelometric Tur
bidity Units). pp. 134-136. as set forth 
in Standard Methods for the Examina
tion of Water and Wa.stewater, 1985. 
American Public Health Association et 
al., 16th edition. 

(5) Residual disinfectant concentra
tion-Residual disinfectant concentra
tions for free chlorine and combined 
chlorine (chloramines) must be meas
ured by Method 408C (Amperometric 
Titration Method), pp. 303-306, 
Method 408D (DPD Ferrous Titrime
tric Method), pp. 306-309, Method 
408E (DPD Colorimetric Method), pp. 
309-310. or Method 408F (Leuco Crys .. 
tal Violet Method). pp. 310-313, as set 
forth in Standard Methods for the Ex
amination of Water and Wa.stewater, 
1985, American Public Health Associa
tion et al .• 16th edition. Residual disin
fectant concentrations for free chlo
rine and combined chlorine may also 
be measured by using' DPD colorimet
ric. test kits if approved by the State. 
Residual disinfectant" concentrations 
for ozone must be measured by the 
Indigo Method as set forth in Bader, 
H.. Hoigne. J' t UDetermination of 
Ozone in Water by the Indigo Method: 
A Submitted Standard Method"; 
Ozone Science and Engineering. Vol. 4, 
pp. 169-176. Pergamon Press Ltd .• 
1982. or automated methods which are 
calibrated in reference to the· results 
obtained by· the Indigo Method. on a 
regular basis, if approved by· the State. 

Non::: This method will be published in 
the 17th edition ot Standard. MethocU "'or 
the Ezamination 01 Water and Wcutewater, 
American Public Health Association et al.: 
the- -Iodometnc' Method In the 16th· edition 
may not be used. 

Residual disinfectant concentrations 
for chlorine dioxide must be measured 
by Method 410B (Amperometric
Method) or Method 410C (DPD 
Method>, pp. 322-324. as set forth in 
Standard Method3 jor the E%amina .. 
tion of Water and Wastewater, 1985~ 
American Public Health Association et 
al., 16th edition. 
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(6) Temperature-Method 212 (Tem
perature), pp. 126-127, as set forth in 
Standard. Methods for the Examina
tion of Water and Wastewater, 1985. 
American Public Health Association et 
al .• 16th edition. 

(7) pH-Method 423 (pH Value), pp. 
429..:.437. as set forth in Standard Meth
ods for the Examination of Water and 
Wastewater. 1985, American Public 
Health Association. 16th edition. 

(b) Monitoring requirements for sys
tem3 that do not provide filtration. A 
public water system that uses a sur
face water source and does not provide 
filtration treatment must begin moni
toring, as specified in this paragraph 
(b), beginning December 31. 1990. 
unless the State has determined that 
filtration is required in writing pursu
ant to § 1412(b}(7)(C)(iii), in which 
ca.se the State may specify alternative 
monitoring requirements, as appropri
ate. until filtration is in place. A public 
water system that uses a ground water 
source under the direct influence of 
surface water and does not provide fil
tration treatment must begin monitor
ing as specifIed in this paragraph (b) 
beginning December 31, 1990, or 6 
months after. the State determines 
that the ground water source is under 
the direct influence of surface water, 
whichever is later, unless the state 
has determined that fUtration is re
Quired in writing pursuant to 
§ 1412(b)(7)(C)(ill), in which case the 
State may specify alternative monitor
ing requirements. as appropriate. untU
fUtration is in place. 

(1) Fecal coll!orm or total coliform 
density measurements as required by 
§ 141.71(a)(1) must be performed. on 
representative source water samples 
immediately prior to the first or only 
point of disinfectant applicatiOn. The 
system must sample for. fecal or total 
collforms at the following minimum.. 
frequency each. week the system serves· 
water- to the public: 

S 500 ••••••• _ ••• _____ 1 
501 to 3,300 _ 2 
3.301 to 10.000._ 3 
10,001 to 25,000 " >25.000 .• ___________ •• ____ 5 

, Mlat be taKen on separate days. 
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Also. one fecal or total coliiorm den
sity measurement must be made every 
day the system serves water to the 
public and the turbidity of the source 
water exceeds 1 NTU (these samples 
count towards the weekly coliform. 
sampling requirement)· unless the 
State determines that the system .. for 
lOgistical reasons outside the system's 
control. cannot have the sample ana
lyzed within 30 hours of collection. 

(2) Turbidity measurements as re
quired by § 141.71(30)(2) must be per
formed on representative grab samples 
of source water immediately prior to 
the first or only point of disinfectant 
application every four hours (or more 
frequently) that the system serves 
water to the public. A public water 
system may substitute continuous tur
bidity mOnitoring for grab sample 
monitoring if it validates the continu
ous measurement for accuracy on a 
regular basis using a protocol ap
proved by the State. 

(3) The total inactivation ratio for 
each day that the system is in oper
ation must be determined based on the 
CTN .. values in Tables 1.1-1.6. 2.1. and 
3.1 of this sectio~ as appropriate. The 
parameters necessary to determine the 
total inactivation ratio must be· moni
tored as follows: 

(1) The temperature of the disinfect
ed water most be measured at least 
once per day at each residual disinfect
ant concentration sampling point. 

(ill U. the system uses chlOrine. the 
pH of the disinfected water must be 
measured a.t least once per day at each 
chlorine residual d1s1n1eetant concen
tration sampling point. 

. <ill) The disinfectant contact tlme(s) 
(uT") must be determined for.·each day 
during peak. hourly flow. 

(Iv) The residual disinfectant 
concentration(s) (Ue") of the water 
before or at the first customer must be 
measured each day durtngpeak.. hourly 
flow. 

(v) rr a.. system uses a.. disinfectant 
other' than chlorine; the system may 
demonstrate· to the State,. through- the 
use of a Sta~approved protocol for 
on-site disinfection. challenge studies 
or other' in!ormation. satis1actory to 
the State,. that" CT .... values other 
than those specifIed in Tables 2.1 and 
3.1 in this section other operational 
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parameters are adequate to demon
strate that the system is achieving the 
minimum inactivation rates required 
by § 141.72(a)(1). 

TABLE 1.1-CT VALUES (CT H.,) FOR 99.9 PER
CENT INACTIVATION OF GIARDIA LAMBLIA 

CYSTS BY FREE CHLORINE AT 0.5 ·C OR 
LOWER 1 

Re.sa<:I-- pH 
ual 

(mgll) ~6.0 6.5 7.0 7.5 8.0 a.s S9.0 

SO.4 ..... 137 163 195 231 2n 329 390 
0.6 ......... 141 168 200 239 286 342 407 
0.8 .•....... 145 172 205 246 295 354 422 
1.0 ......... 143 176 2tO 253 304 365 437 
1.2 ......... 152 180 215 259\ 313 376 451 
1.4 ......... 155 184 221 266 321 I 387 4&4 
1.6 .......... 157 189 226 273 329 397 471 
1.8 ......... 1 162 193 231 279 338 407 489 
2.0 ......... \ 165 197 236 2M 346 417 500 
2.2 ......... 169 201 242 297 353 426 511 
2.4 ......... 1 172 205 247 296 361 435' 522 
2.6 ......... 1 175 209 252 304 368 44.4 533 

2.8 .. ·····::1 178 213 257 3.10 375

1 

452 543 
3.0 ......... 181 217 261 316 382 460 552 

I 

I These CT values achieve greater than a 99.99 percent 
inactivation of viruses. CT vatues between the indicated pH 
values may be determned by linear interoolabOn. CT values 
between ttwt Indicated temperatures of different tables may 
be derermtned by linear int81p04atJon. If no int8fl)Olation is 
used. use the CT .... value at tne lower temperature and at 
the hi9ner pH. . 

TABLE 1.2-CT VALUES (CT 99 •• ) for 99.9 PER

CENT INACTlVATION OF GIAROIA LAMBLIA 

CYSTS BY FREE CHLORINE AT 5.0 ·Cl 

Free pH 
resXitJ.. 

I aJ (mgl :i6.0 6.5 7.0 7.5 8.0 8.5 :i9.0 I) 

;:i0.4 ... ..1 97 117 139 166 198 236 279 
0.6 ..... 100 120 143 171 '204 2« 291 
0.8 .•••. 103 122 148 175 . 210 252 301 
1.0 ..... 105 125 1~9 179 . 216 260 312 
1.2 .•.•. 107 127 152 183 221 261 320 
1.-4 ..... 109 130 155 187 W 27-4 329 
1.6 •• _ 111 132 158 192 232 281 337 
1.8 __ . 114 135" 182 196 238 287 3-45 
2.0 .. _. 116 138 165 200 2-43 294 3S3 
2.2 ..... l1a 1-40 168· 204 248· 300 381 
2.4 .. _. 120 1-43 172 209 253 :JOe 368 
2.6_. 122 148 175 213 2S8 -312 375' 
2.1S __ 124 ·1-48 178 217 2e3 318. 382 
3.0 __ . 128 151 182 221 268 32-4 381' 

§ 141.74 

TABLE 1.3-CT VALUES (CT H.t) for 99.9 PER

CENT INACTIVATION OF GIARO'A LAMBLIA 
CYSTS BY FREE CHLORINE AT 10.0 ·CI 

Free pH 
reSldu-

~6.0 I aJ (mgl 6.5 7.0 7.S 8.0 a.5 :i9.0 I) 

·:i0.4 ..... 73 88 104 125 149 177 209 
0.6 ..... 75 90 107 128 153 ,83 218 
0.8 ..... 78 92 110 131 158 189 226 
1.0 ..... 79 94 112 134 162 195 234 
1.2 ..... 80 95 114 137 166 200 240 
1.4 ..... 82 98 116 140 170 206 247 
1.6 ..... 83 99 119 1« 174 211 253 
1.8 ..... 86 101 122 141 179 215 259 
2.0 ..... 87 104 124 150 182 221 265 
2.2 ..... 89 105 127 153 18e 22S 271 
2.4 ..... 90 101 129 157 190 230 276 
2.6 ..... 92 110 131 160 194 234 281 
2.8 ..... 93 ! 111 134 163 191 239 287 
3.0 ..... j 95 i 113 137 166 201 243 292 , 
I These CT valUeS actUeve greater than a 99.99 percent 

inactivation ot V'IO.J&M. CT values between the Indicated pH 
vaJues may be ckl18rTnlned by linear Interp04ation. CT values 
between 1t'Ie ndlCaled !8tnp8fatures of different tallies may 
be deterTT1llned t:I"f \inea( Interpolation. If no interpolabOn is 
used. use It'8 Ci to. value at tne lower temperature, and at 
the hl9her pH. 

TABLE 1.<4-CT VALUES (CT 99 •• ) for 99.9 PER .. 

CENT INACTtV A TION OF GIARDIA LAMBLIA 
CYSTS BY FREE CHLORINE AT 15.0 ·CI 

Free I pH 
reSOl-

I al (1TlQI :.eo ! &5 7.0 7.5 a.o 8.5 :i9.0 
I) 

I I 
:i0.". I "8· 58 ' 70 83 99 , 18 140 

0.6 ..... ~i eo 72 86 102 122 146 
0.8 .... , 11 73 88 105 126 151 
1.0 ..... j 5.l! &3 75 90 108 130 156 
1.2 ..... 1 s... &4 , 76 92 111 13~ 160 
1.4 ... j , 

=1 
78 94 114 137 165 56; 

1.6 .... ~I 79 96 116 141 169 
1.8_-1 81 98 119 1« 173 
2.0 .... 1 :1 88 83 100 122 147 In 
2.2._ .. 70 8! 102 12" 150 181 
2.4 .. _ 

EI 
72 86 105 -127 153 184 

,2.6 .... T3 8a 107 129 156 188 
2.6_ 74 at 109 132 159 191 
3.0._ &:Ii 7e 91 111 13<4 162 195 

I n.. CT ~ ac::nieYe greater than •. 99.99 percent 
inectiYdon 01 ~ CT vatues beaMen the indicated pH 
v.tun rney be .,...".oed by lineal int.erpotatioIL CT ~ 
~ hi. I"ICIIc.-a ~ at dlffMent ~ may 
be CIeWi" .... by .... I'1terpc:MaDon.. " no intAlrpOtaDon .. 
UMd. u.e ... CT .... ~. at the-Ioww temperature.. and. at 
the~pH. 
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TABLE 1.S-CT Values (CT 99.i) FOR 99.9 PER

CENT INACTIVATION OF GIARDIA LAMBLIA 

CYSTS BY FREE CHLORINE AT 20 ·C t 

Free pH 
reSldu-

I I aJ (mgl S 6.0 6.5 7.0 7.5 8.0 8.5 S 9.0 I) 

S 0.4 .... 36 44 52 62 74 89 105 
0.6 ......... 38 45 54 &4 77 92 109 
O.B ......... 39 46 55 68 79 95 113 
1.0 ......... 39 47 56 67 81 98 117 
1.2 ......... 40 48 57 69 83 100 120 
1.4 .......•. 41 49 58 70 85 103 123 
1.6 ......... 42 50 59 72 87 105 126 
1.8 ......... 43 51 61 74 89 108 129 
2.0 ......... 44 52 62 75 91 110 132 
2.2 ......... 44 53 63 77 93 113 135 
2.4 ......... 45 54 65 78 95 115 138 
2.6 ......... 46 55 68 80 97 117 141 
2.8 .... · .... 1 47 56 67 81 99 119 143 
3.0 ......... 47 57 68 83 101 122 146 

I 

I These CT values achieve greater than a 99.99 percent 
inactMltJOn of VIruses. CT values between tne Indicated pH 
va~ may be determmed by linear Interpolation. CT values 
between the Indicated temperatures of different tables may 
be determined by linear interpolabOn. If no int8fl)OIabOn is 
used. use the Ci M .• value at the lower tempefature. and at 
the higtler pH. 

40 CrR Cn. I (7-1-92 Edition) 

TABLE 1.6-CT Values (CT 99.9) FOR 99.9 PER

CENT INACTIVATION OF GIARDIA LAMBLIA 

CYSTS BY FREE CHLORINE AT 25 ·Cl AND 

HIGHER 

Free pH 
reSIdu-
al (mgl 

S 6.0 6.5 7.0 7.5 8.0 8.5 S 9.0 I) 

S 0.4 .... 24 29 35 42 50 59 70 
0.6 ......... 25 30 36 43 51 61 73 
O.B ••.•••••• 26 31 37 44 53 63 75 
1·.0 ......... 26 31 37 45 54 65 78 
1.2 ......... 27 32 38 46 55 67 80 
1.4 ......... 27 33 39 47 57 69 82 
1.6 ......... 28 33 40 48 58 70 84 
1.B ......... 29 34 41 49 60 72 86 
2.0 ......... 29 35 41 50 61 74 88 
2.2 ......... 30 35 42 51 62 75 90 
2.4 ......... 30 36 43 S2 63 n 92 
2.6 ......... 31 37 44 S3 65 78 94 
2.8 ......... 31 37 45 54 66 80 96 
3.0 ......... 32

1 
38 46 S5 67 81 97 

I I 

I Thesa CT values achIeve greater than a 99.99 pefcent 
inactJvatJOn 01 VIruseS. CT values between the indicated pH 
values may be determIned by linear InterpolatIOn. CT values 
between the IndICated temperatures of different ta.b4es may 
be detef'ITllned by linear interpolatJOn. If no interpoU1tion is 
used. use tne CT M .• value at the lower temperature. and at 
tne higher pH. 

TABLE 2.1-CTVALUES (CTH .• ) FOR 99.9 PERCENT INACTIVATION OF GIARDIA LAMBUA CYSTS BY 

CHLORINE DIOXIDE AND OZONE 1 

Chlorine dioxide ••••••••• _ .......................................................................... . 
Ozone ..•. _ .............. _ ..... _ .......................................................................... . 

<; 1 ·C 

63 
2.9 

S·C 

28 
1.9 

Temperature 

10·C 15 ·C 

19 
0.95 

2O·C 

15 
0.72 

11 
0.48 

, These CT values achieve greater than 99.99 petcent inac1JVation of virusas. CT values between tna indicated tempefatures 
may be determIned by linear InterpolaDOn. If no interpolation is used. usa the CT M.. value at the lower tempefature tor 
dat8f'T1llrurtg CT M .• VIUues between indtCated temperatures.. 

TABLE 3.1-CT VALUES (CT H .• ) FOR 99.9 
PERCENT INACTIVATION OF GIARDIA LAMBUA 

CYSTS By CHLORAMINES 1 

< 1 ·C S·C 10 ·C. 15 ·C 20 ·C 25 ·C 

3.800 2.200 .1.850. 1.500 1.100 750 

1 Theee- ........... .,... fOf". pH' vaJuae ot'8 to O. T'heee" cr 
VIWM may·· t» uaumect·· to:. tICt1NMt . greater than· 99.W 
percent inadNation of WuMeo onty- if· chk:w1ne- is' added and 
mixed in tt-. w.- prict- to me addtlon of· amrnona.. If trW·, 
condition is' not met,; the- tyIIt8m must demonstrate. baed on 
on-Irte studia or other Information. u aPQrOYed by the 
State. that tne· systemia-~ at laut 99.99 percent 
inactJvatJon of vrrusea.. CT vaiuea between me indicated 
t&mpenl1Ur'a may be Qeterrn;ned by lineal tnterpoW.Qon.. If no 
interpotation is used. UN tne C'r .... value at the lower 
temperalLnt tor ~ CT .... 'I.wea between Indk:ated 
temperaUn. 

(4) The total inactivation ratio must 
be calculated as follows: 

(D If the system uses only one point 
of disinfectant application. the system 
may determine the. total inactivation 
ratio based on either of the" following 
two methods: 

CA) One inactivation ratio C CTcalc/ 
C'Tt,u) is determined before or at the 
first customer during peak. hourly flow 
and If the CTcalc/C'T99 .. ~ 1.0, the 99".9 
percent. Gia.rdia· la.mblia. 1na.ctivation 
requirement has been achieved;' or 

(B) Successive CTca..lc/C'TH .• values. 
representing. . sequential inactIvation 
ratios. are determined between the 
point of disinfectant application and a 
point before or at· the first customer 
during peak hourly flow. Under this 
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alternative. the following method must be used to calculate the total in
activation ratio: 

CTcalc 
(1) Determine 

ct" .• 
for each sequence. 

CTcalc 
(2) Add the --- values together ( L 

(CTcalc) ) 

CT" .• 

CTcalc 

(3) II 

~ 1.0. 
the 
99.9 
per
cent 
Giar-
dia 

lamblia inactivation requirement has 
been achieved. 

(ii) If the system uses more than one 
point of disinfectant application 
before or at the first customer, the 
system must determine the CT value 
of each disinfection sequence immedi
ately prior to the next point of disin
fectant application during peak hourly 
flow. The CTcalc/ CT NJt value of each 
sequence and 

CTca.lc 

CT" .• 

must be caiculated using the method 
in paragraph (b)(4)(i)(B) of this sec
tion to determine if the system is in 
compliance with § 142.72(a}. 

(ill) Although not requirecL the total 
percent inactivation for a system with 
one or more points of residual disin
fectant concentration monitoring may 
be calculated' by solving the following 
equation: 

Percent 
inactiva.tion . 

100 
::a 100 - -, 

loa 

CTcalc ) 
where z=-3x L (---

CT •.• 

(5) The residual disinfectant concen
tration of the water entering the dIs
tribution system must be monitored 
continuously. and the lowest value 
must be recorded each day. except 
that if there is a failure in the contin
uous monitoring equipment. grab sam
pling every 4 hours may be conducted 
in lieu of continuous monitoring, but 
for no more than 5 working days fol
lowing the failure of the equipment, 
and systems serving 3,300 or fewer per
sons may take grab samples in lieu of 
providing continous monitoring on an 
ongoing basis at .. the frequencies pre
scribed below: 

System size by popuAation 

<500 ............... _ ••• ___ • ___ .. _ .... ___ .......... . 
S01 to 1,000 ..•.••••• _ .......................... _ •. _ .......... _ ....... . 
1,001 to 2.500 , .... ___ ._ •• ___ •• ___ . __ • 
2.501 to 3,300 .•• , ______ • ___ • __ .•• __ ._ ....... . 

1 
2 
3 
4 

'The day's samptes cannot be taKen at tile same time. 
The sal119ling intervaba are subted to State review and 
approval 

If at any time the residual disinfectant 
concentration falls below 0.2 mg/l in a 
system using, grab sampling in lieu 01 
continuous monitoring, the system 
must take a. grab sample every 4 hours 
until, the residual. concentration. is, 
equal to or greater than 0.2 mg/l_ 

(6)(1) The: residual cUsinfectant con
centration must: be measured. atr.}east: 
at the same points.. iIr. the"cUstribution',. 
system' and: at .. the same time as: total. 
coliforms ar~ sampled~ asrspeclfled.. in 
§ 141.21 •. except, that. the State· may 
allow a public water systeIIL which uses. 
both a.. surface' water· source',· or &.. 
ground -water., source.- under, direct. in
fluence of" surface- water; and" a. ground 
water source, to take dJsJ.n!ectant re-
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sidual samples at points other than 
the total coliform sampling points if 
the State determines that such points 
are more representative of treated 
(disinfected) water quality within the 
distribution system. Heterotrophic 
bacteria, measured as heterotrophic 
plate count (HPC) as specified in para
graph (aH3) of this section. may be 
measured in lieu of residual disinfect
ant concentration. 

(ii) If the State determines, based on 
site-specific considerations, that a 
system has no means for having a 
sample transported and analyzed for 
HPe by a certified laboratory under 
the requisite time and temperature 
conditions specified by paragraph 
(a)(3) of this section and that the 
system is providing adequate disinfec
tion in the distribution system. the re
quirements of paragraph (b)(6)(i) of 
this section do not apply to· that 
system. 

(c) MonitOring requirements for sys
tems using filtration treatment A 
public water system that uses a sur
face water source or a ~ound water 
source under the ·influence of surface 
water and provides filtration treat
ment must monitor in accordance with 
this paragraph (c) beginning June 29, 
1993, or when filtration. is installed, 
whichever is later. 

(1) Turbidity measurements as re
quired by § 141.73 must be performed 
on representative samples of the sys
tem's filtered water every four hours 
(or more frequently) that the system 
serves water to the public. A public 
water system may substitute continu
ous turbidity' monitoring. for grab 
sample monitoring. if it validates the 
continuous measuremen.t. for'. accuracy 
on a regul.a.r basis using. a. protocol ap
proved by the State. For. any systems 
using. slow. sand.flltration.or flltration 
treatment. other than conventional. 
treatment; direct filtration. or diato
maceous. earth. !llfration •. the. State 
may reduce the sampllng frequency to 
once per day if it determines. that, less .. 
frequent monttor1.ng'ls suffIcient to in· 
dicate . effective filtration performa.nce. 
For systems. serving 500' or fewer per
SOIlS. the State may reduce- the turbid
ity sampll.ng frequency to . once. per 
day. tegardless of. the t~e-of filtration 
treatment used. if the State deter,: 
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mines that less frequent monitoring is 
sufficient to indicate effective filtra
tion performance. 

(2) The residual disinfectant concen
tration of the water entering the dis
tribution system must be monitored 
continuously. and the lowest value 
must be recorded each day, except 
that if there is a failure in thecontin
uous monitoring equipment. grab sam
pling every 4 hours may be conducted 
in lieu of continuous monitoring, but 
for no more than 5 working days fol
lowing the failure of the equipment. 
and systems serving 3,300 or fewer per
sons may take grab samples in lieu of 
providing continuous monitoring on 
an ongoing basis at the frequenCies 
each day prescribed below: 

System SIze by population 

:::500 ......................................................................... ... 
501 to 1.000 ................................................................ . 
1.001 to 2.500 ......................................................... .. 
2.501 to 3,300 ........................ _ ................................. .. 

I 
SamPlesl 

day I 

1 
2 
3 
4 

1 The day'. s.vnc:Ns ~t be taken at the same time. 
The sa~ ~ .... sublect to State revteW and 
approvaJ. 

If at any time the residual disinfectant 
concentration !a.lls below 0.2 mg/l in a 
system using grab sampling in lieu of 
continuous monitoring, the system 
must take a. grab sample every 4 hours 
until the residual disinfectant concen
tration is equal to or greater than 0.2 
mg/l. 

(3}(D The residual disinfectant con
centration must be .measured at least 
at the same points in the distribution 
system and at the same time as total 
colifonna are sampled. as specified in 
§ 141.21. except that the State may 
allow a publlc water system which uses 
both a.. surface water source' 'or a 
ground . water source under direct in
fluence of surface water~ and a ground 
water source to take disinfectant resid
ual. samples at points other than the 
total coil!orm sampling points if. the 
State determines that such points are 
more representative of treated (disin
fected) water QualIty within the distri
bution system. Heterotrophic bacteria, 
measured as heterotrophic plate count 
(HPC) as specified in paragraph (a)(3) 
of this section, may be measured in 
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lieu of residual disinfectant concentra
tion. 

(11) If the State detennines, based on 
site-specific considerations, that a 
system has no means for having a 
sample transported and analyzed for 
HPC by a certified laboratory under 
the r.equisite time and temperature 
conditions specified by paragraph 
(a)(3) of this section and that the 
system is providing adequate disinfec
tion in the distribution system, the re
quirements of paragraph (c)(3)(1) of 
this section do not apply to that 
system. 

§ 141.75 Reporting and recordkeeping re
q uiremen ts. 

(a) A public water system that uses a 
surface water source and does not pro
vide filtration treatment must report 
monthly to the State the information 
specified in this paragraph (a) begin
ning December 31, 1990, unless the 
State has determined that filtration is 
required in writing p~uant to section 
1412(b)(7)(C)(iii), in which case the 
State may specify alteI1latlve report
ing requirements, as appropriate, until 
filtration is in place. A public water 
system that uses a ground water 
source under the direct influence of 
surface water and does not provide fil
tration treatment must report month
ly to the State the information speci
fied in this paragraph (a) beginning 
December 31, 1990, or 6 months after 
the State determines that the ground 
water source is under the direct influ
ence of surface water, whichever is 
later, unless the State has: determined 
that filtration is required in writing 
pursuant to § 1412(b)(7)(C)(iii), in 
which case· ·the State may specify. al
ternative reporting requirements. as 
appropriate. untU filtration is. in place. 

(1) Source water quality. information 
must be reported. to. the State within 
10 days- after the end.. oL each .. month 
the system...serves water.to. the. public. 
Information~ that. must. be· reported. in
cludes:. 

(0 The cumulative number of 
months for which results. are reported. 

(ii) The number of fecal and/or' total 
coliform samples •. whichever are. ana
lyzed. during the month (if: a system 
monitors for both, only fecal coliforins 
must be reported), the dates of sample 

§ 141.75 

collection. and the dates when the tur
bidity level exceeded 1 NTU. 

(iii) The nwnber of samples during 
the month that had equal to or less 
than 20/100 ml fecal coliforms and/or 
equal to or less than 100/100 ml total 
coliforms, whichever are analyzed. 

(iv) The cumulative number of fecal 
or total coliform samples, whichever 
are analyzed. during the previous six 
months the system served water to the 
public. 

(v) The cumulative number of sam
ples that had equal to or less than 20/ 
100 ml fecal coliforIns or equal to or 
less than 100/100 ml total collforms, 
Whichever are analyzed. during the 
previous six months the system served 
water to the public. 

(vi) The percentage of samples that 
had equal to or less than 20/100 ml 
fecal coliforms or equal to or less than 
100/100 ml total coliforms, whichever 
are analyzed, during the previous six 
months the system served water to the 
public. 

<vii) The maximum turbidity level 
measured during the month, the 
date(s) of occurrence for any 
measurement(s) which exceeded 5 
NTU, and the date(s) the 
occurrence(s) was reported to the 
State. 

(viii> For the first 12 months of rec
orcikeeping, the dates and cumulative 
number of events during which the 
turbidity exceeded 5 NTU, and after 
one year of recorcikeeping for turbidi
ty;measurements. the dates and cumu
lative number of events during which 
the turbidity exceeded 5 NTU in the 
previous 12 months the system served 
water to the public. 

(ix) For- the first 120 months of rec
orcikeeping, the dates and cumulative 
number' of events· during which the 
turbidity exceeded 5 NTrr. and· after. 
10 years of recorcikeeping for turbidity 
measurements, the dates and cumula
tive number- of events during which 
the turbidity exceeded 5 NTU" in the 
previous-120 months the system served 
water to- the public. 

(2) Disinfection information speci
fled in § 141.74(b) must be reported to 
the State within-I0 days after the end 
of each month the- system serves water 
to the public. Information that must 
be reported includes: 
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§ 141.75 

(D For each day, the lowest measure
ment of residual disinfectant concen
tration in mg/l in water entering the 
distribution system. 

(ii) The date and duration of each 
period when the residual disinfectant 
concentration in water entering the 
distribution system fell below 0.2 mg/l 
and when the State was notified of the 
occurrence. 

(iii) The daily residual disinfectant 
concentration(s) (in mg/l) and disin
fectant contact time(s) (in minutes) 
used for calculating the CT value(s). 

(iv) If chlorine. is used, the daily 
measurement(s) of pH of disinfected 
water following each point of chlorine 
disinfection. 

(v) The daily measurement(s) of 
water temperature in °C following 
each point of disinfection. 

(vi) The daily CTcalc and CTcalc/ 
CT99 •9 values for each disinfectant 
measurement or sequence and the sum 
of all CTcalc/CTgg .9 values ( (CTcalc/ 
CT99 .9 » before or at the first customer. 

(vii) The daily determination of 
whether disinfection achieves ade
Quate Giardia cyst and virus inactiva
tion. Le., whether (CTcalc/CTgg.,) is at 
least 1.0 or. where disinfectants other 
than chlorine are used', other indicator 
conditions that the State detennines 
are appropriate, are met. 

(viii) The following infonnatlon on 
the. samples taken in the distribution 
system in conjunction with total coli
form monitoring pursuant to § 141.72: 

(A) Number of instances where the 
residual disinfectant concentration is 
measured: 

(B) Number of instances where the 
residual disinfectant concentration is 
not measured but heterotrophic bacte
ria plate count (HPC) Is measured; 

(C) Number of instances where the 
residual disinfectant concentration is 
measured but not detected and no 
HPC is measured: 

(D) Number of instances where the 
residual disinfectant concentration is 
detected and where !!PC is > 5 QO/rnl;.. 

(E) Number of instances where the 
residual disinfectant concentration is 
not measured and HPC is > 500 /rnl; 

(P) For the current and previous 
month the system served water to the 
public, the value of "v" in the follow
ing fonnula: 

40 erR Ch. I (7-1-92 Edition) 

xlOO 

where 
a=the value in paragraph (a)(2)(vtU)(A) of 

this section. 
b= the value in paragraph (a)(2)(viii)(B) of 

this section. 
c=the value in paragraph (a)(2)(vUi)<C) of 

this section. 
d=the value in paragraph (a)(2)(viii)(D) of 

this section. and 
e::ithe value in paragraph (a)(2)(viii)(E) of 

this section. 
(G) If the State determines, based 

on site-specific considerations, that a 
system has no means for having a 
sample transported and analyzed for 
HPC by a certified laboratory under 
the requisite time and temperature 
conditions specified by § 141.74(a)(3) 
and that the system is providing ade
Quate disinfection in the distribution 
system, the requirements of para
graph (a)(2)(viii)(A)-(P) of this section 
do not apply to that system. 

(ix) A system need not report the 
data listed in paragraphs (a)(2)(i). and 
(iii)-( vi) of this section if all data listed 
in paragraphs (a)(2) (i)-(vtiD of this 
section remain on file at. the system. 
and the State determines that: 

(A) The system has submitted to the 
State all the information required by 
paragraphs (a)(2) (i}-(viii) of this sec
tion for at least 12 months;. and 

(B) The State has determined that 
the system is not required to provide 
filtration treatment. 

(3) No late~ than ten days after the 
end of each Federal fiscal year <Sep
tember 30). each system must provide 
to the State a report which summa
rizes its compliance· with all watershed 
control program requirements speci
fied in § 141.71(b)(2}. 

(4 ) No later than ten days after' the 
end of each Federal fiscal year (Sep
tember 30). each system must provide 
to. the State a report· on the on-site· in
spection conducted during that year 
pursuant to § 141.71<b)(3). unless the 
on-site inspection was conducted' by 
the State. I! the inspection was con
ducted by the State, the State must 
provide a copy of its report to the 
public water system. 
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Environmental Protection Agency 

(5)( i) Each system. upon discovering 
that a waterborne disease outbreak po .. 
tentially attributable to that water 
system has occurred. must report that 
occurrence to the State as soon as pos
sible. but no later than by the end of 
the next business day. 

(11) If at any time the turbidity ex
ceeds 5 NTU. the system must inform 
the State--a;s-soon as possible. but no 
later than the end of the next busi
ness day. 

<iiD If at any time the residual falls 
below 0.2 mgll in the water entering 
the distribution system, the system 
must notify the State as soon as possi· 
ble. but no later than by the end of 
the next business day. The system also 
must notify the State by the end of 
the next business day whether or not 
the residual was restored to at least. 
0.2 mgll within 4 hours. 

(b) A public water system that uses a 
surface water source or a ground water 
source under the direct influence of 
surface water and provides filtration 
treatment must report monthly to the 
State the information specified in this 
paragraph (b) beginning June 29. 1993, 
or when filtration is installed. which
ever is later. 

(1) Turbidity measurements as. re .. 
quired by § 141.74(c}(1) must be re
ported within 10 days after the end of 
each month the system serves water to 
the public. Information that must be 
reported includes: 

(1) The total number of filtered 
water turbidity measurements taken 
during the month. 

(il) The number and percentage of 
flltered water turbidity measurements 
taken during the month which are less 
than or equal to· the tUrbidity limits 
specified. in. § 141.73 for the filtration 
technology being. used .. 

<1i1> The date- and value of any tur
bidity measurements taken during the 
month which exceed 5 NTU. 

(2) Dlsin!eet1on information speei
fled in § 141.74(c) must be reported to' 
the Statewithln 10 days after the end 
of each month the system serves water 
to the public. Information that must 
be reported includes: 

(1) For each day. the lowest measure
ment of residual disinfectant concen .. 
tration i:1. mg/l in water entering the 
distribution system. 

§ 141.75 

(ii) The date and duration of' each 
period when the residual disinfectant 
concentration in water entering the 
distribution system fell below 0.2 mgll 
and when the State was notified of the 
occurrence. 

(iii> The following information on 
the samples taken in the distribution 
system in conjunction with total coli· 
form monitoring pursuant to § 141.72: 

(A) Number of instances where the 
residual disinfectant concentration is 
measured: 

(B) Number of instances where the 
residual disinfectant' concentration is 
not measured but heterotrophic bacte
ria plate count (HPC) is measured; 

(C) Number of instances where the 
residual disinfectant concentration is 
measured but not detected and no 
HPC is measured: 

(D) Number of instances where no 
residual disinfectant concentration is 
detected and where HPC is > 500 Iml: 

(E) Number of instances where the 
residual disinfectant concentration is 
not measured and HPC is > 500 1m!; 

(F) For the current and previous 
month the system serves water to the 
public. the value of "V" in the follow
ing formula: 

v= xlOO 

where 
a-the value in paragraph (b)(2)<iii)(A) of 

this section. 
b-the value in paragraph (b)(2)(Ui)(B) of 

this section. 
c-the value in paragraph (b)(2)(llU(C) of 

this section. . 
d-the value in paragraph (b)(2)(Ui)(D) of 

this section. and 
e-the value in paragraph (b)(2)<1U)(E) of 

this section. 

(G) If the State determines, based 
on site-specific considera.tions. tha.t a 
system has no means' for having a 
sample transported and analyZed for 
HPC by a certified: laboratory- within 
the requisite time' and temperature 
conditions specified by § 141.74(a)(3) 
and that the system is provtd1ng ade
quate disinfection in the distribution 
system. the requirements of para
graph (b)(2)(iii)(A)-<F) of this section 
do not apply. 
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§ 141.30 

(Iv) A system need not report the 
da.ta listed in paragraph (b)(2)(l) of 
this section if all data listed In para
graphs (b)(2)(i)-(Ui) of this section 
remain on file at the system and the 
State determines that the system has 
submitted all the information required 
by paragraphs (b)(2)(i)-(UD of this sec-
tion for,at least 12 months. 

(3)( 1) Each system. upon discovering 
that a waterborne disease outbreak po
tentially attributable to that water 
system has occurred. must report that 
occurrence to the State as soon as pos
sible. but no later than by the end of 
the next business day. 

(11) If at any time the turbIdity ex
ceeds 5 NTU, the system must inform. 
the State as soon as possible. but no 
later than the end of the next busi
ness day. 

<ill) 11 at any time the residual.falls 
below 0.2 mg/l in the water entering 
the dIstribution system. the system 
must not1!y the State as soon as possi
ble. but no later than by the end of 
the next business day. The system also 
must notify the State by the end of 
the next bUSiness day whether or not 
the residual was restored to at least 
0.2 mg/l within 4 hours. 

'Subpart I-Control of Lead and 
Copper 

SoURCE: 56 FR 26548. June 7. 1991. unless 
otherwise noted. 

EFtEC'llVE DATE Non:: At 56 FR 26548. 
June 7. 1991. § I 1<11.80 through 141~85 were 
added. effective November 6, 1991. At 56 FR 
32113. July 15. 1991. the effective date was 
corrected to December 7. 1992. 

§ 141.80 General requirementa. 
(a) Applicability and effective dates. 

(1) The requirements of this. subpart I. 
constitute the national pr1m.a.ry drink
ing water regulations for lead and 
copper .. Unless, otherwise indicated,.. 
each of the provisions of this. subpart 
applles to community water systems 
and non-transient~.. non-community 
water systems (hereinafter referred to 
as "water Systems" or "systems"). 

(2) The requirements set forth In 
11141.86. to 141 .. 91 shall take effect on 
July 7. 1991. The· requirements set 
forth in § § 141.80 to 141.85 shall take 
effect on December 7. 1992. 

40 CfR, Ch. I (7 -1-9'2 ~dition) 

(b) Scope. These regulations estab
lish a trea.tment technique that in
cludes requirements for corrosion con
trol treatment, source water treat
ment, lead service line replacement, 
and public education. These require
ments are triggered. in some cases, by 
lead and copper action levels measured 
in samples collected at consumers' 
taps. 

(c) Lead and copper action levels. (1) 
The lead action level is exceeded if the 
concentration of lead in more than 10 
percent of tap water samples collected 
during any monitoring period conduct
ed in accordance with § 141.86 is great
er than 0.015 mg/L (i.e., if the "90th 
percentile" lead level is greater than 
0.015 mg/L). 

(2) The copper action level is exceed
ed if the concentration of copper in 
more than 10 percent· of tap water 
samples collected during any monitor-

. ing period conducted in accordance 
with § 141.86 is greater than 1.3 mg/L 
(i.e .• if the "90th percentile" copper 
level is greater than 1.3 mg/L). 

(3) The 90th percentile lead and 
copper levels shall be computed as fol
lows: 

(1) The results of all lead or copper 
samples taken during a monitoring 
period shall be placed in ascending 
order from the sample with the lowest 
concentration to the sample with the 
highest concentration. Each sampling 
result shall be assigned a number. as .. 
cending by single integers beginning 
with the number 1 for the sample with 
the lowest contaminant leveL The 
number assigned to the sample with 
tl1e highest contaminant level shall be 
equal to the total number of samples 
taken. 

(11) The number of samples taken 
during the monitoring period shall be 
multiplied by 0.9. 

<lln The contaminant concentration 
in. the numbered' sample yielded by 
the calculation in paragraph- (c)(3)(li) 
is the 90th percentile contaminant 
leveL 

<1v) For water systems serving fewer 
than 100 people that collect 5' samples
per monitoring period.; the 90th. per
centile is computed by taking the aver
age of the highest and second highest 
concentrations .. 
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FACT SHEET 
February 1993 

Requirements for Filtered Public Water Systems under the Surface Water Treatment Rule 
(SWTR) Beginning June 29, 1993 

: .. ~.. .. ' • .' '. ••••• ~ ., ." '. • •• ' ... ' ~. ~ •• '.'"t •• • I ~ • ", ... ', I 

The following requirements only apply to systems using a surface water source, or to 
those that have been notified by EPA as Ground Water Under the Direct Influence of Surface 
Water (GWUDISW). 

EPA may designate a system as a GWUDrSW at a later date, at which point EPA will 
notify the system when these requirements begin. They deal with the type of operating 
personnel, treatment technique requirements, monitoring and reporting. (For your convenience, we 
have listed the· requirements on the left side of the page and the "how-to" on the right side of the page) 

PERSONNEL 
Qualified operators Contact Louise Emerson at the Wyoming Department of 

Environmental Quality (DEQ) at (307)777-7781 for 
operator certification requirements and procedures. 

TREATl\1ENT TECHNIQUE 

Objective 

Trearment Credit 

COn/act TIme (eI) 

AT LEAST 99.9 % (3-log) removal/inactivation of Giardia 
lamblia cysts, and 
AT LEAST 99.99 % (4-log) removaiJinactivation of 
viruses. 

Treatment objective can be met by combining filtration and 
disinfection. 

Well operated/maintained filtration can be granted by 
removal credit for viruses and Giardia. Iamblia. 
Disinfection credit can be detennined by cr values. 

CT is calculated by multiplying C (the free chlorine 
concentration in mg/I) by T (the disinfection contact time 
in minutes, at the first service connection). 

Calculate CT based on your Treatment Parameters. 
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The following table summarizes the expected log removal and recommended 
disinfection inactivation for each type of filtration. 

Filtration 
Technique 

Conventional 

Direct 

Slow Sand 

Diatomaceous 

lYIONITORING 

TURBIDITY 

All Systems. 

Systems serving 
populations < 500 

Continuous Turbidity 
J.\1onitoring 

Conventional or Direct 
Filtration 

Filtration other than 
conventional, direct, and 
diatomaceous filtration 
technologies 

Log Removal Recommended Disinfection 

Giardia Viruses Giardia Viruses 

2.S 2.0 O.S 2.0 

2.0 1.0 1.0 3.0 

2.0 2.0 1.0 2.0 

2.0 1.0 1.0 3.0 

Start date: 29. June 1993 

Turbidity must be monitored on representative samples of 
the system's filtered water every 4 hours that the system 
serves water to the public. 

Turbidity level must not exceed 5 NTU, at any time. 

A public water system can substitute continuous turbidity 
monitoring for grab samples. 

Have the option of reducing monitoring frequency to one 
per day regardless of the type of treatment. 

You must record the highest turbidity value at equal 
intervals of 4 hours. Averaging of 4 hours or monitoring 
at any other intervals longer than 4 hours is not 
permitted. 

The turbidity level must be less than or equal to 0.5 NTU 
in at . least 95 % of the measurements taken each month. 

You have the option of reducing the turbidity monitoring 
frequency to once per day. 
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Slow sand or 
diatomaceous filtration 

Conventional or direct 
filtration rvithout chemical 
Pretreatment 

Systems lIsing acrylamide 
or epichlorohydrin 

lVhat you must know 
about violations 

DISINFECTION 

Where and when to 
monitor 

AT 11iE ENIRANCE TO 11IE 

DISTRIBUTION SYSTEM 

Concentration 

Continuous monitoring 
equipment failure? 

The turbidity level must meet the same criteria for 1 NTU. 

EPA strongly recommends that you add this process to 
your treatment to prevent turbidity breakthrough. 

Any future turbidity or bacteriological violation will 
automatically trigger a pretreatment requirement for your 
system. 

Must provide annual written certification (third party or 
manufacturer's certification) to EPA. The 
combination/product of dose and monomer level dose 
cannot exceed the following levels: 

Acrylamide = 0.05 % dosed at 1 ppm, or equivalent 
Epichlorohydrin = 0.01 % dosed at 20 ppm, or 
equivalent 

A· treatment technique violation results when a system 
cannot meet the turbidity criteria outlined above. 

The system must notify the public through the local 
newspaper or direct mailing and notify EPA. 

If at any time the turbidity exceeds 5 NTU, the system 
must inform EPA as soon as possible, but no later than the 
end of the next business day_ 

1. At the entry point to the distribution system. 
2. In the distribution system. 

Must be monitored continuously and the lowest value be 
recorded every day the system serves water to the public. 

Cannot be less than 0.2 mg/I for more than 4 hours. 

Grab sampling every 4 hours in lieu of continuous 
monitoring can.be conducted, but for no more than 5 
working days following the failure. 
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Your system serves less 
than 3,300 population, 

ANY TIME the residual 
concentration falls below 
0.2 mg/l, 

RE.~E\1BER! 

Number of Samples to 
collect 

IN 11IE DISTRIBT.mON 
SYSTEM 

Concentration 

REPORTmG 

You have the option of monitoring the residual disinfectant 
concentration by grab sampling at the following frequency. 

You must take a grab sample every 4 hours until the 
residual concentration is equal to or greater than 0.2 mg/I. 

These daily samples ca.nnot be taken all at the same 
time; they must be collected at equal intervals 
throughout the day. 

Popu lation served 
<500 
501 to 1,000 
1,001 to 2,500 
2,501 to 3,300 

Samples/day 
1 
2 
3 
4 

It must be monitored at the same frequency and at the 
same point(s) as total coliform are sampled. 

Heterotrophic plate count (HPC) measured· in the 
distribution system can be conducted in lieu of this 
monitoring for the systems which cannot maintain 
disinfection residual in the distribution pipes. 

The residual disinfectant concentration in the distribution 
system cannot be undetectable, or have an HPC of more 
than 500/ml, in more than 5 % of the samples in one 
month, for 2 consecutive months. 

Start date:. August 10, 1993. 

The dilly data log sheets must be kept on file for at least 5 
years. 
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Enclosed with this fact sheet: 2 daily data log sheets (Tables 1 & 2) and 2 monthly 
report sheets (Tables 3 & 4) for your use. Tables 3 & 4 must be submitted to the EPA 
within 10 days following the end of each month. 

EPA recommends that you begin to use these forms as early as possible to verify if 
you meet the requirements for filtered systems. 

If you have any more questions, or need further assistance, please contact EPA 
Region VIII at 1-800-227-8917, ext. 1413. 
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APPENDIX C 

SHELL CREEK WATER TEST RESULTS 



Rocky Mountain Analytical Laboratory 

,"v\arch 29, 1983 

LaVerne Nelson, P.E. 
John W. Donnell and Associates, Inc. 
P .. 0. Box 638 
Worland, V/yoming S2401 

lJear La Verne: 

Enclosed are the results for the analysis of Greybull \Vell No.1. In addition to the 
parameters requested, I have included the results lor the concentrations of 
calcium, nlagnesiurn and potassiuln, and calculated an ion balance. The 
concentrations found in the salnple arc compatible with its use as a potable water 
su~ ;:>ly. 

Included with the report is a list of standard methodology and nominal detection 
Jirnits. Please call if you have any questions. 

Best regards, 

/l!J(71dk,,:'----
M&rk 7. BOlli~er, PhD 
Senior Scientist 
Inorganic Chemistry 

MJB/pjc 
Enclosures 

RMA 2541 

cc: Nancy Booth ~/. 

Rocky Mountain Analvtical Lahoratory 5530 Marshall Street. Arvada, CO. 00002 (303) 421·6611 



SAMPLE DESCRIPTION INFORMATION 

for 

Donnell and Associates, Inc .. 

RMA Sample No. Sarnple Description Sample Tvpe Date Sampled Date Received 

2541-01 Town of Greybull water 2/17/83 2/22/83 

3/29/83 

Rocky Mountain Analytical Laboratory 5530 Marshall Street, Arvada, CO. 80002 (303) 421·6611 



ANAL YTICAL RESULTS 

for 

Donnell and Associates, Inc. 

Detection 
Parameters Units Limit 2541-01 

MAJOR IONS 

Sodium mg/l 0.5 8.0 
Potassium mg/l 0.3 4.6 
Calcium mg/l 0.1 108 
Magnesium mg/l 0.1 45 
Chloride mg/l 3 8 
Fluoride mgtl 0.1 0.8 
Sulfate mgtl 5 320 
Total Alkalinity as CaC03 at pH 4.5 mg/! 5 210 
Nitrate + Nitrite as N mg/l 0.1 0.4 
Total Cations meq/l 10 
Total Anions rneq/l 11 
Difference % 4.8 

RADIOCHEMISTRY 

. ross /\lpha ("'II 0.1 19!11 P,-,,! 
Gross Beta pCi/l 0.1 14!"16 
Radium 226 pCl/l 0.1 2.0!"l.1 
Radium 228 pCi/l 0.1 -0.5!"2.2 
Strontium 90 pCi/l 2 6.8!"1.5 
Tritiunl pCl/J 200 -40::160 

TRACE METALS 

Arsenic mg/l 0.002 ND 
Barium mg/l 0.005 0.038 
Cadnlium mg/l 0.002 NO 
Chromiurn mg/l 0.005 ND 
Copper Ingtl 0.005 0.007 
Iron mg/l 0.05 0.19 
Lead mg/l 0.025 NO 
Manganese mg/l 0.005 0.024 
Mercury mg/! 0.0002 ND 
Selenium mg/! 0.002 NO 
Silver mg/l 0.003 ND 
Zinc Ing/l 0.004 NO 

INORGANIC PARAMETERS 

H units 0.01 7.75 
:)tal Dissolved Solids mg/l 10 685 

fecal Coliform colonies/lOO ml 1 NO 
Hardness as CaC03 mg/l 5 NO 
;v'lBAS (Surfactants) mg/l 0.1 NO 
Turbidity NTU 0.1 103 



ROCKY MOUNTAIN ANALYTICAL LABORATORY 

Inorganic Analytical Methodology 

Noroinal Preservation Maxirnum b 
Pararneter Units Detection Limita Methodology Reference Bottle No. HoldingTime 

MAJOR IONS 

Sodium mg/l 0.5 ICP Emission Spectroscopy 3 4 6 months 
Potassium mg/l 0.3 ICP Emission Spectroscopy 3 4 6 lTIonths 
Calcium mg/l 0.1 ICP Emission Spectroscopy 3 4 6 months 
Magnesium mg/l 0.1 ICP Emission Spectroscopy 3 4 6 months 
Chloride mg/l 3 Manual Titrimetric, Hg (N03)2 1-325.3/2-407B 1 28 days 

Automated Colorimetric 
Ferricyanide 1-325.2 1 28 days 

Fluoride mg/l 0.1 Electrode 1-340.2/2-413B 1 28 days 
Sulfate mg/l 5 Manual Turbidimetr ic 1-375.4/2-426C 1 28 days 

AutolTIated Colorirnetric MTB 1-375.2 1 28 days 
Total Alkalinity as CaC03 at pH 4.5 mg/l 5 Titricnetric 1-310.1/2-403 1 14 days 
Carbonate Alkalinity as CaC03 at pH 8.3 mg/l 5 Titrimetric 1-310.1/2-403 1 14 days 
Bicarbonate Alkalinity as CaC03 
at pH 4.5 mg/l 5 Titrimetric 1-310.1/2-403 1 14 days 

Hydroxide Alkalinity as CaC03 mg/l 5 Calculation 2-403 
Nitrate+Nitrite as N mg/l 0.1 Manual Cd Reduction -

Color irnetr ic 1-353.3/2-418C 2 28 days 
0.1 Automated Cd Reduction -

Colorimetric 1-353.2 2 28 days 
Total Cations meq/l 0.1 Calculation 2-104C 
Total Anions meq/l 0.1 Calcula tion 2-104C 
Difference % 0.1 Calculation 2-104C 

RADIOCHEMISTRY 

Gross Alpha pCi/l 0.1 Proportional Counter 2-703 5 6 months 
Gross Beta pCi/1 0.1 Proportional Counter 2-703 5 6 Inonths 
Radium 226 pCi/l 0.1 Separation - Counter 2-705 5 6 months 
RadiUln 228 pCi/1 0.1 Separation - Counter 2-707 5 6 months 
Uranium mg/l 0.005 Fluorimetric 4-02907-75 5 6 months 



ROCKY MOUNTAIN ANALYTICAL LABORATORY 

Inorganic Analytical Methodology (Continued) 

Nominal Preservation Maximum b 

Parameter Units 
. ., a Methodology Reference Bottle No. HoldingTime DetectIon LImIt 

TRACE MET ALS
c 

Aluminum mg/l 0.05 Iep Emission Spectroscopy 3 4 6 months 

Antirnony Ing/I 0.002 Furnace Atomic Absorption 1-204.2 4 6 months 

Arsenic mg/l 0.002 Furnace Atolnic Absorption 1-206.2 4 6 rnonths 

Barium mg/l 0.005 ICP Emission Spectroscopy 3 4 6 Jnonths 

Beryllium mg/l 0.001 ICP Emission Spectroscopy 3 4 6 months 

Boron mg/l 0.004 ICP Emission Spectroscopy 3 4 6 1I1onths 

Cadmium mg/l 0.002 ICP Emission Spectroscopy 3 4 6 Inonths 

Chromium mg/l 0.005 ICP Emission Spectroscopy 3 4 6 months 

Cobalt mg/l 0.003 ICP Emission Spectroscopy 3 4 6 lnonths 

Copper mg/l 0.002 ICP Emission Spectroscopy 3 4 6 Inonths 

Iron mg/l 0.05 ICP Emission Spectroscopy 3 4 6 months 

Lead rng/l 0.025 ICP Emission Spectroscopy 3 4 6 months 

0.001 Furnace Atomic Absorption 1-239.2 4 6 rnonths 

Manganese mg/l 0.005 ICP Emission Spectroscopy 3 4 6 lnonths 

Mercury mg/l 0.0002 Cold Vapor Atomic Absorption 1-245.1 4 6 months 

Molybdenum mg/l 0.005 ICP Emission Spectroscopy 3 4 6 months 

Nickel fng/l 0.01 ICP Emission Spectroscopy 3 4 6 rnonths 

Selenium mg/l 0.002 Furnace Atomic Absorption 1-270.2 4 6 months 

Silver mg/l 0.003 ICP Emission Spectroscopy 3 4 6 months 

Strontium mg/l 0.005 ICP Emission Spectroscopy 3 4 6 months 

Thallium Tng/l 0.002 Furnace A tomic Absorption 1-279.2 4 6 months 

Tin mg/l 0.03 ICP Emission Spectroscopy 3 4 6 months 

Titanium mg/l 0.002 ICP Emission Spectroscopy 3 4 6 Inonths 

Vanadium mg/l 0.002 ICP Emission Spectroscopy 3 4 6 months 

Zinc mg/l 0.004 ICP Emission Spectroscopy 3 4 6 months 

INORGANIC PARAMETERS 

pH units 0.01 Meter 1-150.1; 2-423 1 ASAP 

Specific Conductance at 25°C umhos/cm 1 Bridge 1-120.1; 2-205 1 28 days 

Total Dissolved Solids mg/l 10 Gravimetric, 180°C 1-160.1; 2-209B 1 7 days 

Total Suspended Solids mg/l 2 Gravimetric, 105°C 1-160.2 1 7 days 

Total Solids l11g/1 10 Gravimetric, 105°C 1-160.3 1 7 days 

Total Volatile Solids Jng/l 10 Gravimetric, 550°C 1-160.4 1 7 days 

Ortho-Phosphate as P mg/l 0.01 Single Reagent Colorirnetric 1-365.2; 2-424F 1 48 hours 



ROCKY MOUNTAIN ANALYTICAL LABORATORY 

Inorganic Analytical Methodology (Continued) 

Nominal 
Parameter Units Detection Limita Methodology Reference 

Preservation Maximum b 
Bottle No. HoldingTime 

INORGANIC PARAMETERS 
(Continued) 

Total Phosphorus as P 

Silica as Si02 

Biological Oxygen Demand 
Chemical Oxygen Demand 
Total Organic Carbon 
Ammonia as N 

Total Kjeldahl Nitrogen as N 

Total Organic Nitrogen as N 
Oil and Grease 
Free Cyanide 

mg/l 

mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 

mg/l 

mg/l 
mg/l 
mg/l 

Total Cyanide 
Phenolics 
Fecal Coliform 
Total Coliform 
Bromide 

mg/l 
mg/l 

Colonies/ 100 ml 
Colonies/ 1 00 m1 

mg/l 
Residual Chlorine 
Hexavalent Chromium 
Color 
Hardness as CaC0

3 Nitrite as N 
Sulfide 
Sulfite 
MBAS (Surfactants) 
Turbidity 

mg/l 
mg/1 
units 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
NTU 

0.06 

0.01 
0.1 
1 
2 
5 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
1 
0.01 

0.01 
0.01 
1 
1 
0.1 
0.05 
0.01 
5 
5 
0.01 
0.05 
2 
0.1 
0.1 

Digestion; ICP Emission 
Spectroscopy 

Digestion - Colorimetric 
ICP Emission Spectroscopy 
Color irnetr ic 
Dilution Bottle - D.O. Probe 
Micro Colorimetric 
Oxida tion-Infrared Absorption 
Electrode 
Automated Colorirnetric 
Digestion - Electrode 
Digestion - Colorimetric 
Calculation (TKN - NH3 ) 
Freon Extraction-Gravimetric 
Chlorination-Distillation-

Color irnetr ic 
Distillation - Colorimetric 
Distillation - Colorimetric 
Membrane Filter 
Membrane Filter 
Colorimetric 
Amperometric 
Colorirnetric 
Pt-Co Colorimetric 
Calculation 
Colorimetric 
Titrirnetric - Electrode 
Ti tr irnetr ic 
Color imetr ic 
Turbidimeter 

1-4.1.4; 3 4 28 days 
1-365.2; 1-424C, F 2 28 days 
3 4 28 days 
1-370.1; 2-425C 1 28 days 
1-405.1; 2-507 1 48 hours 
1-410.4; 2-508A 2 28 days 
1-415.1; 2-505 2 28 days 
1-350.3; 2-417E 2 28 days 
1-350.1 2 28 days 
1-351.4; 2-420B 2 28 days 
1-351.2 2 28 days 

1-413.1; 2-503A 3 28 days 

1-335.1; 2-412F ,D 6 14 days 
1-335.2; 2-412B,D 6 14 days 
1-420.1; 2-510A,B 2 28 days 
2-909C 8 ASAP 
2-909A 8 ASAP 
2-405 1 28 days 
1-330.2; 2-408C 1 ASAP 
1-218.4; 2-312B 1 24 hours 
1-110.2; 2-204A 1 48 hours 
2-314A 4 6 months 
1-354.1; 2-419 1 48 hours 
1-376.1; 2-427B,D 7 7 days 
1-377.1; 2-428 1 ASAP 
1-425.1; 2-512A 1 48 hours 
1-180.1; 2-214A 1 48 hours 



ROCKY MOUNTAIN ANALYTICAL LABORATORY 

Inorganic Analytical Methodology (Continued) 

References 

(1) "Methods for Chemical Analysis of Water and Wastes", EPA-600/4-79-020, EMSL, Cincinnati, 1979. 

(2) "Standard Methods for the Examination of Water and Wastewater", 15th Edition, APHA, 1980. 

(3) Federal Register, 40 CFR 136, December 3, 1979; USEPA EMSL-Cincinnati, OH 45268. 

(4) "Annual Book of ASTM Standards", Part 31, Water, 1980. 

Notes 

a Nominal values are the best achievable with the listed analytical method. Interferences in specific samples may result in a higher 
detection limit. 

b Applicable to NPDES wastes as updated by Robert C. Booth, Director, EMSL-Cincinnati, September 22, 1981. 

c 
Digestion procedure 1-4.1.4 used for elements determined by ICP Emission Spectroscopy when determining total metals. Digestion 

procedures for graphite furnace elements included with reference listed. 

11/10/82 



Bottle No. 

1 

GUIDELINES FOR SAMPLE BOTTLES AND PRESERVATIV~ 

Parameters Container Preservative 

Cl-, F-, 5°4=, Tot. Alk., CO; Alk., HCOj Alk., 1 liter poly 

OH- Alk., pH, spec. cond., TD5, TSS, TS, TVS, 2.-PO 4 

Si0
2

, BOD, Br-, res. C12, Cr+6, color, NO;, 503, 
MBAS, Turbidity. 

Notes 

Provide unfiltered 
sample for 
solids and turbidity. 

2 Tot. P, COD, TOC, NH3, TKN, TON, Phenolics 
N03 + N02• 

500 ml poly 2 ml 50% H2S04, 4°C 

3 

4 

5 

6 

7 

8 

11 

12 

13 

14 

15 

O&G 

Na, K, Ca, Mg, AI, 5b, As, Ba, Be, B, Cd, Cr, Co, 

Cu, Fe, Pb, Mn, Hg, Mo, Ni, Se, Ag, 5r, TI, Sn, Ti, 

V, Zn, ICP, Hardness. 

226 228 Alpha, Beta, Ra , Ra , U 

Free CN, Tot. CN 

Sulfide 

Fecal coli., total coli. 

VOA, purgeable organics, THM 

B/NA 

Pest./PCB 

Herbicides 

TOX 

1 Ii ter glass 4 ml 50% H2SO4, 
4°C 

500 ml poly 5 m150% HN03 

1 liter poly (no Ra 228) 10 ml 50% HN03 ~ gallon poly (with Ra 228) 20 ml 50% HN03 
500 ml poly 2 ml 50% NaOH, 4°C 

250 ml poly 1 ml 1 N Zn acetate, 
1 ml 50% NaOH, 4°C 

8 oz. ster He 40 C 

2 - 40 ml glass vial 40 C 

1 Ii ter glass 40 C 

1 Ii ter glass 40 C 

1 li ter glass 40 C 

1 liter glass 40 C 

aFederal Register, 40 CFR 136, December 3, 1979, as updated by EPA, EMSL-Cincinnati, September 22, 1981. 

11/5/82 

Do not filter, coHee-
directly in bottle. 

Provide separate 
samples for total an' 
dissol ved sample 
(filter before 
adding to bottle.) 

Collect directly in 
sterile bottle 

Completely fill 
bottle, leave no 
air bubbles. 



* eCT 31 1<183 

RECORD ~O.: 

AT 0837 NWIS 3S.1 PROGRAM QwCARGSIN T RAN SAC T ION 'N 0 .: 1 \ 

United States Deport~ent of the Interior 
u.s. Geological Survey 

Water Resources Division 
National Laboratory 

Arvada, Cclorado 

SITE ID: 
STATIOH NAME: 

BEGIN CATE: 

98801199 
4432C1107454800 
53N091w35AA01 SHELL 
08-29-1988 AT 1030 
331MOSN 

L~e 10 NO.: 253031C ~PROJECT: 4656C970C 
VALL EY II 1 <.."'~ Co.ctl... #, ST AT,E: 56 

END CATE: - - COUNTY: OG~ 
GEOLOGIC U~IT: DATA TYPES: 

STATUS: 
MECIU~: 

H SOuRCE: 9 
6 

HYD. CO~DITI0~: 9 
KEMARKS TO LAB: 

SAMPLE COST: $70.80 KE~ARKS FROM LAB: 
SChEDULES USED: 
NO. PARAH:TERS: 

42 
1 a P~CCESSING STATUS: R 

CODE PARAtJETER NA"~E Ut~ ITS 

OC010 WATER TEMPERATURE (DEGREES) 
OC027 COLLECTING AGENCY (CODE f\UMBER) 

UP",~TE Oe028 Af'.4~LYZIt\G AGENCY (eOCE l\UM2ER) 
OG095 SPECIFIC CONDLCTAf\CE us/eM - 25C 
00400 PH (ST~NDA~J UNliS) 

NEW--> OC403 PH LABCRATOQY (UNITS) 
tl~W __ > 00631 N02 + NC3 DISSOLV:;:) (MG/l AS ~. ) 

I :w--> 00665 PHOSPHOROUS TOTAL (MG/L AS ?) 
Mt'UTED OC9GC HARDNESS TOTAL (MG/L AS CA03) 
NEW--> OC915 CALCIUM DISSOLVED (MG/L AS CAl 

: \tW--> OC925 M A G~~ E S I liM DISSCLVE: (MG/L AS :-'G) 

.. .:w--> OC~30 SODIUM CISS~LVED CMG/L .l$ NA) 

,MPlJTEC DC 131 SODIUM AOSORf'TICN ~. (RATIO) 
'UTED OC932 SOL)IUM PERCEr-.T (PE;'CEf\T) 
:~--> OC935 POTASSIUH GISS~Lv::i (MG/L ,. ... 

... ::> K) 
NE~--> OC940 CHLORIDE DISSOLVeS (MG/L ~S CL) 
• ="---> OC?45 SULFt-T: G:SS0LV~C (MG/L AS soc:.) 

:tI--> J0950 FLUORICE G~SSCLV::, (~~ GIL !is F) 

r~ ~ \"1- - > ~CC55 S!L.IC~ ~ISS8Lv::J (t-1~/L :. S sre:Z) 
~PUTED 7C3C1 DIS SO LV.: S SC.'LIL: S ,I, '" ... ..J ~G/L 

:',i--> ~CC05 S?:ClrIC C C ~ .. J LeT i.. r, C = :~! r: ;; 0 S : ~ Mc!i '51 C,... 
.. E"'--> tC41C "'L!'..~L:!\IiY ~G/L !)S CAC03 

TYPE: 9 HYD. EVE~T: g 

R M S 
E Q .. I ... 

VALUE M A T -
\: 

18.0 I 3 
1028 T 5 ... 

aC020 H 5 
460 I 3 

7.60 ... .. ... 
7.90 H A -
0.640 H E "7 

--
0.021 11 5 3 

220 
42 ~ 0 , 
27 H C , 

2.9 M C 2 
a 
3 
1 .0 H e , 
1 .2 !'i -- (. 

21 !1 r , ... ' 
0.30 1"1 - /' 

9.1 ... ~ . 
, . -' :.. 

223 
1.1" :i f', 

~ "" 1 0 5 .... A ... -



t\OV 141988 

RECORD NO.: 

AT 1211 NWIS 58.1 PROGRAM QWCAROSIN TRANSACTION Ne.: 

United States Depart"ent of the Interior 
U.S. Geological Survey 

Water Resources Division 
National Laboratory 

Arvada, Colorado 

SITE 10: 
STATION NAME: 

98801230 
4432C5107454701 
53-91-35aaa02 Trapper 
08-29-1988 AT 1130 
331MOSN 

L~B 10 NO.: 2530326 
Creek No. 2 

PROJECT: 4656097CC 
STATE: 56 

BEGIN DATE: END CATE: 
GEOLOGIC lJNIT: DATA TYPES: 

STATUS: 
MEDIUM: 

H SOURCE: 9 
6 

HYD. CONDITION: 9 
REMARKS TO LAB: 

SAMPLE COST: $70.aO REMARKS FROM LAS: 
SChEDULES USED: 
NO. PARAMETERS: 

42 
18 P~OCESSING STATUS: R 

CODE PARAMETER NAME Ut\ITS 

OC010 WATER TEMFERATURE (DEGREES) 
OeG27 COLLECTING AGENCY (CODE ~UM5ER) 

J"'OATE OG028 ANALYZING AGENCY (CODE ~UMBER) 
00095 SPECIFIC CONDUCTANCE US/eM @ 25C 
OC400 PH (STANDARD UNITS) 

~s:w--) OC403 PH LABCRATORY (UNITS> 
~ \0:--> OC631 N02 + N03 DISSOLVEO (MG/L AS N) 
~ c w--> OC665 PHOSPHCRGUS TeTAl (MG/L AS P> 
,.,PUlED 00900 HARDNESS TOTAL (MG/L AS CA03) 
'1 w--) OC915 CALCIUM DISSOLVED (MG/L AS CAl 
\_101--> 00925 MAGNESIUM DISSOLVED (MG/L AS MG) 
\~EW--> OG930 SODIUM L:ISSOLVED (MG/L AS NA) 
\ urED OC931 SODIUM ADSORPTION R. (RATIO) 

urED OG932 SODIUM PERCENT (PERCEt\T) 
~Eh--> OC935 POTASSIUM DISSOLVED (MG/L AS K) 
\JJ:W--> OC940 CHLORIDE DISSClVEC (MG/L AS Cl) 
: w--) OC945 SULFATE DISSOLVED (HG/L AS 504) 
r .. c w--> OC950 FLUO~ICE DISSOLVED (MG/L AS F) 

'~EW--> GC955 SILICA DISSOLVED (MG/L AS S1 02) 
~ ·UT ED 7G3G1 D1SSCLVEC SCL1DS 5UM MG/L 
t.~W--> 9(095 S?ECIFIC CONDLCTANCE t~ I C R 0 S I E M E r~ 5 I C f-1 
t-JEw--> 9(;410 A L K A l I ,0'4 I T Y MG/l AS CAC03 

AT COUNTY: OC3 

TYPE: 9 HYD. EVENT: 9 

R M S 
E Q E I 

VALUE M A T G 

19.0 I 3 
1028 I 5 

80020 H 5 
450 I 3 

7.50 I 3 
8.00 H A 3 
0.420 H B 3 
0.010 1 H S 3 

230 
47 H D 2 
2& H C 2 
3.6 rl C 2 
0.1 
4 
1 • 1 H B 2 
1 .4 H E 2 

19 H D 2 
0.30 H B 2 
9.8 H 0 2 

222 
,+17 H A 1 

1e7 H A :3 



AT C741 T R ~ ~I SAC T I 0 ~ ~ 0 • : 

United Stat~s Cepsrtrr&nt of the !nt~rior 

U.S. G~ological Survey 

RECORD NO.: ;SEJ11S3 

~at~r Resources ~ivision 
~ation51 Laboratory 

!.rv:.ca;, Cclorado 

s r T E: 1 ~: 4 -'.' 3 1 5 1 1 a 7.5 1 4 7 0 1 L ~ 5 I D NO.: 2 5 3 0:3 1 7~ PRO J E C T: 4 6 5 6 G 9 7 Q l 
S T ~ T I 0 I... f\ A l~ =: 5 3 - 9 2 - 3 6 a d = 0 1 G ~ E Y 5 U LL C E ~\ (((2M.\cT Prf'1 w~ 1\ S TAT E: 5 6 

E~GIN CATE: J~-3C-19b8 ~T C910 END CATc: - d AT CO~NTY: GC: 
SEOLCGIC ~NIT: 331~CSN JATA TYPES: 

5 TAT US: H S G l; i< C E: 9 ri ) ;). C 0 r~ 0 IlION: 9 T Y P ::: 9 H YD. E: V E NT: , 9 
~eCiUM: 6 R~~A~~S TO LAa: ~REyaULL #1 WhALL~Y CEMETERY 

S~~FLE COST: 57C.EO REMAPKS FROM LAB: 
5C~E:ULES USEJ: 42 
N J. PAR ::. ~.~ E T E R S : 1 5 PRO C E S S I:~ G 5 j ~ T U 5: ~ 

R :'-' 
E Q E 

CODE ?ARl~ET=R t .. A t..1 E Uf\ITS VALU: M A T 

OC010 wt.T=~ TEM?ERATU~E (DEG=<E::S) 18.0 I 
GCOZ7 COLL:CTING A G : ~~ C Y (CCC:: r-.UMSER) 1C2'3 I 

UPD~TE QC028 A ~'4 ! L Y ZIt \ G AGE~CY (C:JeE ~ U r·~ 3 t: R) 8CC20 H 
JCG95 SPECIFIC C 0 ~ ~ ~ l.J C T A ~, C E US/CM i 25C 2550 I 
OC400 PH (STAND~R~ UNITS) 7.60 I 

~~ E \'i - - > OC403 PH L4EC~ATO~Y (UNITS) 6.90 H A 
': h- - > OC631 tJ02 + r~ c 3 ~ISSCLV~D (t~ GIL ~S N) 0.100 1 H ~ 

:~~--> 0(065 ?HGS?HC;{CUS TOTt.L (~G/L ~S P) 0.010 1 H g 
~iP UTE 0 CC?OO ~A~O~cSS TCTAL (MG/L ~S CA03) 1800 
~,~~--> ,JC 91 5 CAL C! u,·~ GrS5CL'y!:O (HG/L ~s CA) 460 H C 
:~--> OC925 t~ A G N E S ::: u ~,~ DISSOLVeD (~~/L AS MG) 150 H ~ 

:,. = ~ --> OC930 SOGIUM CISSOLVED (~G/L ~S NM) 31 Ii :. 
"'i? UT 2 ~ OC931 seD rUl~ AOSot::PT:orJ R • (RATIO) 0.3 

:lUTED GC932 SCDIUM FEF\C::NT (P2KCE~T) 4 
::'w--> OC935 ? OT A 5 S I U:'. QIS5(,LVED (M'';/L ,15 K) 14 H =. 

~~Evc--> GC?4J CHLOR!:E DISSCLVEC (M~/L :.s CL) 5 • 1 H -
:\-.--> OC145 SULF.lT:: 8ISSCLV:D (11 G / L t.S S04) 1800 H D 
:\-4--> CC~50 FLUJ~Iu: c,rSSCLVEC (l'~G/L ,lS F) 2.5 H 8 

i~ E ~ - - > JC9S5 SILICA DISSOLVEQ (j~G/L AS S102) 0.80 H C 
~?UTEJ 7C3C1 DI~SOLVEu SCL!DS su~ r~G I L 2470 

E'rt--> ge095 SP~CIFIC C:NOUCTAf\C= "1 I C ~ 0 S ::: : MEN 5 I C t1 2530 H 
,. 
"'" 

:J ~ h- - > 9C410 ALKALINITY ~"'G I L AS CAC03 10 H A 

~ ~fk : ~/J4 ~ -f"tJ J,tt!t~fj ~(4r Jv~frjfA. J~(~ f'-O £1lAl rLrl~lJ 
~ d 14 1-07 /r r~1ut . -t..r ,f 0P ;au;! t/,J :J{Jf) did,.,. 'I kok- • 1M.. 

vI' -;, !'/tk/IC.. l tAJtk'14 c/dvt<ft\ -'/Ic/i) ~tI Fb7 M.'f.it'19e. 
,47 r 6t.«j. 

- ((,n-4'it~ ~ ~tA. ~ op MAJf-4 ~~ t~ 1/,t,; 7i1'1»' ~ r...di,. 



TABLE I 

UNDERGROUND WATER 
CLASS I II III 
Use Suitability Domestic Agriculture Livestock 
Constituent 
or Parameter Concentration* Concent.* Concent.* 

Al uminum (Al) 5.0 5.0 
Ammonia (NH.;-f- J-..l) 0.5 8 

Arsenic (As) 0.05 0.1 0.2 
Barium (Ba) 1.0 
Beryllium (Be) 0.1 
Boron (B) 0.75 0.75 5.0 
Cadmium (Cd) 0.01 0.01 0.05 
Chloride (el) 250.0 100.0 2000.0 
Chromium (Cr) 0.05 0.1 0.05 
Cobalt (Co) 0.05 1.0 
Copper (Cu) 1.0 0.2 0.5 
Cyanide (eN) 0.2 ---
Fluoride (F) 1.4-2.47 

Hydrogen Sulfide 0.05 
(H2 S) 

Iron (Fe) 0.3 5.0 
Lead (Ph) 0.05 5.0 0.1 
Lithium (Li) 2.5 
Manganese (Mn) 0.05 0.2 
Mercury (Hg) 0.002 0.00005 
Nickel (Ni) --- 0.2 
Nitrate (N03-N) 10.0 
Nitrite (N0 2 -N) 1.0 10.0 

(N03+NO 2 )-N 100.0 
oil & Grease Virtually Free 10.0 10.0 
Phenol 0.001 
Selenium (Se) 0.01 0.02 0.05 
Silver (Ag) 0.05 
Sulfate (S04) 250.0 200.0 3000.0 
Total Dissolved 500.0 2000.0 5000.0 

Solids (TOS) 
Uranium (U) S.O 5.0 S.O 
Vanadium (V) 0.1 0.1 
Zinc (Zn) S.O 2.0 25.0 
pH 6.S-9.0s.u. 4.S-9.0s.u. 6.S-S.Ss.u. 

SAR --- 8 
RSC 1.25 meqjl 
Combined Total 

Radium 226 and 
Radium 22S9 Spci/1 SpCi/l Spci/l 

Total Stron·tium 90 8pCi/l SpCi/l SpCi/l 
Gross alpha particle 

radioactivity (in-
cluding Radium 226 
but e>:cluding 
Radon and uranium)9 1SpCi/1 lSpci/l lSpCi/l 

*mg/l, unless otherwise indicated 

9 



. "if ¥t til, .' en! t. t' ~ ... ,. ••.. -------.. --.. -------.-----.--~--.-.. ---.-.. -------- .~-------...... -~m anenviron~entaltestingco~pany~~~~~~~~~~~~~~~~~~~~~~~ 
----_ -. ~~P.~O.~B~o~x6~2~6~~~~~~ ________ ~~~~ __________ ~ __________________________ __ 

Essex Junction, Vermont 05453 
. ' (802) 878-5138 

FAX (802) 878-6765 

June 8, 1992 

Dave Hennager 
Town of Greybull 
P.o. Box 271 
24 South 5th Street 
Greybull, WY 82426 

Dear Dave: 

Enclosed please find the microscopic particulate analysis (MPA) reports for the Greybull 
samples submitted to lEA. The finished water is of very high quality when comparing it to 
the Shell Creek sample. A filtration efficiency comparison indicates that the infiltration 
gallery is as effective as a man-made filtration system for the removal of biological 
particulates. 

If you have any questions, please do not hesitate to contact us at 1-800-723-4432. 

Sincerely, 

INDUSTRIAL & ENVIRONMENTAL ANALYSTS, INC. 

Je \A.4.A L C\C,l\.tC)-d 
Jehnifer L. ~lancy, Ph.D. 
Director-Microbiology 

JLC/slp/encl. 

lEA Project No.: 92143-001 

Monroe. 
Connecticut 

203-452-8200 

Miramar. 
Florida 

407·989-0928 

Schaumburg. 
illinois 

708·705-0740 

N. Billerica. 
Massachusetts 
617·272-5212 

WhIppany 
New Jersey 

201·428·8181 

Cary. 
North Carolina 
919-677·0090 



~m an environ~ental testing co~pany~~~~~~~~~~~~~~~~~~~~~~ 
- ~ - • J~P~.O~.~B~OX~6~26~ ____ ~~~ ______ ~~~~~~ ____ ~~~~~ ____ ~~~~ ______ ~_ 

_ Essex Junction, Vermont 05453 
(802) 878-5138 
FAX (802) 878-6765 

Data Interpretation 

Three samples from Greybull, WY were analyzed using microscopic particulate analysis 
(MPA). Two samples were collected after the infiltration gallery,. one was a raw surface 
water collected from Shell Creek. MP A is one parameter used to determine if a ground 
water source is under the direct influence of surface water (GWUI). As stated in the 
Guidapce Manual for Compliance with the Surface Water Treatment Rule, other factors, 
including a site survey, review of construction records, and water quality data need to be 
examined carefully when making a GWUI determination. Recent data indicate that 
fundamental controls on particulate movement in the ground need to be taken into account in 
GWUI determinations. These include the degree of hydraulic communication (timing and 
amount of surface water mixed with ground water), time of travel in the ground, and natural 
filtration. 

The two samples after the infiltration gallery were characteristic of ground water. There was 
a minimum amount of sediment recovered from the filter cartridge (0.5 mL in > 1000 
gallons) and only a trace remained after flotation processing. 

A comparison of the particulates seen in the raw surface water sample and the finished water 
(after the infiltration gallery) was made. The Surface Water Treatment Rule (SWTR) 
requires a 2-log reduction in particulates in the Giardia size range (10-25 11m) as a 
demonstration of filtration efficiency for a man-made filtration system. 

The log reduction seen in the two finished water samples (1.9 for the chlorinator site and 1.7 
for the Town Hall) is excellent. Log removals in other size ranges was > 2 in most cases. 
An examination of specific biological indicators shows very effective natural filtration, ie. 
diatoms reduced from 8.8 x 1()l per 100 gallons to none detected per 100 gallons; algae were 
reduced 2.5 logs in the chlorinator sample and 2.8 logs in the Town Hall sample. 

No Giardia cysts or Cryptosporidium oocysts were observed in 0.41 gallons raw surface 
water examined. No Giardia cysts or Cryptosporidiunt oocysts were seen in ~ 200 gallons 
of finished \vater. 

lEA Project No.: 92143-001 

Monroe, 
Connecticut 

203-452-8200 

Miramar, 
Florida 

407-989-0928 

Schaumburg, 
illinois 

708-705-0740 

Jenni r L. Clancy, .D. 
Direct r-Microbiolog) 

N. Billerica. 
Massachusetts 
617·272-5212 

Whippany 
New Jersey 

201·428·8181 

Cary. 
North Carolina 
919·677-0090 
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REPOR~ I PAR~ICULATES, GIARDIA, AND CRYPTOSPORIDIUH 

SAMPLE DATA 

Client: Greybull, WY 
Sample No.: 92143-1 
Sample Location: Shell Creek 
Sampling Date: May 20, 1992 
Date Received: May 22, 1992 
Water Type: Raw surface 
Volume Filtered: 110 gallons 
Turbidity: Unknown 

PARTICULATE ANALYSIS 

Numbers reported are per 100 gallons. 

Amorphous Debris: 1.6 x 106 

Vegetative Debris: 2.2 x 103 

Diatoms: 8.8 X 103 

Algae: 3.6 x 106 

Rotifers: 5.5 x 103 

Rotifer Eggs: 3.3 x 103 

Spores: 7.7 x 103 

Pollen: 4.2 x 104 

PARTICLE SIZING 

Numbers reported are per 100 gallons. 

10-25 11m: 

25-100 11m: 

2.7 X 106 

GIARDIA AND CRYPTOSPORIDIUH 

Filter ColQr: Brown 
Chlorinated: Yes 
Sediment Volume: 15.0 rnL 
Volume Floated: 0.5 rnL 
Pellet V After Float: 50-100 ~L 
Filter: CUNO DPPPY 1 ~m 
pH: 7.2/7.3 

ND = none detected. 

Insects: ND 
Insect Parts: ND 
Crustaceans: ND 
Crustacean Eggs: ND 
Nematodes: 1.4 x 104 

Nematode Eggs: 4.4 x 104 

Protozoa: 4.5 x 104 

Amoebae: 3.3 x 103 

Invertebrate Eggs: 6.6 x 103 

Unknown: 1.1 x 103 

100-200 11m: 

> 200 ~m: 

2.3 x 10' 

1.5 X 104 

Samples were examined using immunofluorescent dual antibody staining (ASTM Method P229). 
Sediment equivalent to 0.41 gallons of water was examined. positive controls were stained 
and examined concurrently. 

No Giardia cysts or Cryptosporidium oocysts were detected • 

• EA Project No.: 92143-001 



REPORT: PARTICULATES, GIARDIA, AND CRYPTOSPORIDIUH 

SAMPLE DATA 

Client: Greybull, WY 
Sample No.: 92143-2 
Sample Location: Shell Chlorinator 
Sampling Date: May 20, 1992 
Date Received: May 22, 1992 
Water Type: Infiltration Gallery 
Volume Filtered: 440 gallons 
Turbidity: Unknown 

PARTICULATE ANALYSIS 

Numbers reported are per 100 gallons. 

Amorphous Debris: 1.7 x 10· 
Vegetative Debris: ND 
Diatoms: ND 
Algae: 1.2 x 104 

Rotifers: 70 
Rotifer Eggs: ND 
Spores: 50 
Pollen: 10 

PARTICLE SIZING 

Filter Col~r: Clean 
Chlorinated: Yes 
Sediment Volume: 0.5 mL 
Volume Floated: 0.5 mL 
Pellet V After Float: Trace 
Filter: CUNO DPPPY 1 pm 
pH: 7.4/7.7 

ND = none detected. 

Insects: ND 
Insect Parts: ND 
Crustaceans: 30 
Crustacean Eggs: ND 
Nematodes: 3.1 x 102 

Nematode Eggs: ND 
Protozoa: 20 
Amoebae: 10 
Invertebrate Eggs: 10 

Numbers reported are per 100 gallons. Values in parentheses show log reduction based on 
raw water particle counts. 

10-25 pm: 

25-100 pm: 6.0 X 103 

GIARDIA AND CRYPTOSPORIDIUH 

(1.9) 

(2.3) 

100-200 pm: 

> 200 pm: 

3.0 X 10' 

3.6 X 102 

(3.8) 

(1.6) 

Samples were examined using immunofluorescent dual antibody staining (ASTM Method P229). 
Sediment equivalent to 200 gallons of water was examined. Positive controls were stained 
and examined concurrently. 

No Giardia cysts or Cryptosporidium oocysts were detected. 

EA Project No.: 92143-001 



REPORT: PARTICULATES, GIARDIA, AND CRYPTOSPORIDIUH 

SAMPLE DATA 

Client: Greybull, WY 
Sample No.: 92143-3 
Sample Location: Infiltration Gallery 
Sampling Date: May 20, 1992 
Date Received: May 22, 1992 
Water Type: Finished 
Volume Filtered: 1266 gallons 
Turbidity: 0.852/0.792 

PARTICULATE ANALYSIS 

Numbers reported are per 100 gallons. 

Amorphous Debris: 
Vegetative Debris: 
Diatoms: NO 
Algae: 6.0 x 103 

Rotifers: 17 
Rotifer Eggs: NO 
Spores: 10 
Pollen: 3 

PARTICLE SIZING 

2.8 X 104 

14 

Filter Color: Clean 
Chlorinated: Yes 
Sediment Volume: 0.5 mL 
Volume Floated: 0.5 mL 
Pellet V After Float: 100 pL 
Filter: CUNO DPPPY 1 pm 
pH: 7.2/7.5 

NO = none detected. 

Insects: NO 
Insect Parts: NO 
Crustaceans: 6 
Crustacean Eggs: NO 
Crustacean Parts: 6 
Nematodes: 552 
Nematode Eggs: 3 
Protozoa: 2.8 x 104 

Amoebae: 538 
Invertebrate Eggs: 6 

Numbers reported are per 100 gallons. Values in parentheses show log reduction based on 
raw water particle counts. 

10-25 pm: 

25-100 pm: 

5.1 X 104 

8.1 X 103 

GIARDIA AND CRYPTOSPORIDIUH 

(1.7) 

(2.2) 

100-200 pm: 

> 200 pm: 

1.52 X 102 

4.45 X 102 

(3.2) 

(1.5) 

Samples were examined using immunofluorescent dual antibody staining (ASTM Method P229). 
Sediment equivalent to 291 gallons of water was examined. Positive controls were stained 
and examined concurrently. 

No Giardia cysts or Cryptosporidium oocysts were detected. 

~A Project No.: 92143-001 
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Submitted to: 
ANALYTICAL REPORT ~ 

Inter-Mountain Laboratories, Inc. {, 
1160 Research Drive / ~ 
Bozeman, MT 59715 (/ t-" 

Attention: Wynn Sudtelgte 

Submitted by: Kristine A. Schwettmann 

Reference Data: 

Sample Set LD.: 
Analysis: 
Method: 
Number of Samples: 1 
DataChem Sample Number(s): 
Client PWS I.D. and Location: 

93-T-4715 
Asbestos Fibers in Potable Water by TEM 
EPA 600/4-83-043 
Number of Analyses: 1 
93-28454 
Town of Greybull, WY 
Spigot Before Tank 

The samples numbered above were analyzed by transmission electron microscopy (TEM) for asbestos 
fibers using the method EPA 600/4-83-043. Each sample was ultrasonically treated in its original container 
for 15 minutes to suspend the solids. An aliquot of this suspension was added to 100 mL·of de-ionized 
water and filtered onto a O.l-Jlm pore size polycarbonate filter. Portions of this filter were coated with 
carbon and mounted on grids for TEM analysis. Analysis was performed on a Philips CM-12 TEM with 
energy dispersive X-ray analysis (EDXA) capabilities. 

Results are tabulated on the attached data sheets. Representative EDXA spectra of asbestos types detected 
(if any) are attached and are referenced to the fiber identification numbers listed on the count sheets. The 
limit of detection for this method has been determined to be one asbestos fiber in the total number of grid 
openings analyzed. The number of openings analyzed is dependent on the sample volume filtered (4 
minimum); the actual number analyzed is listed on the sample data sheets . 

... _",/v,u I 1""\ J -:-_ I' Q -L. /1, c::-:::., - . -
/\.. .. / v'-' vL(.·___ '{~u.--<.CCL--I'-.c.:~ 

Analyst 
Kristine A. Schwettmann 

Report applies only to portion of sample analyzed. 

SALT LAKE CITY OFFICE 
960 WES r leVOY DRIVE 
SALT LAKE ':ITY U r AH IW232547 
SOl ::66·iiOO. FAX SOl 258-9992 

CINCINNATI OffiCE 
.$386 GLENDALE·MILFORD RO,\D 
CINCINNATI. OHIO 45242-3;06 .. 
513 733-5336. FAX 513 733-53-t7 

SALTIMORE OFFICE 

111 . ~ )1'7 '1 • ~ . .?l -- · r/ J ~ J./.tV / (t?. i:e./, . .;3/':'r/'l 
Section Manager 
Anna Marie Ristich 

© DataChem Laboratories 1988 

:() JULIET LANE. SUITE -203 
eALflMORE. MARYLMJO 21236-1?20 
·!lO 49.$-3612 FAX,~IJ i33-53':; 

RICHLAND OfFICE 
313 WELLSIAN WAY 
RICHLAND. WASHINGTON 993S:-J 115 
:il9 9.$3·5858 FAX 509 943-56~ 



DATACHEM LABORATORIES 
FlberFAXevt 

TEM DRINKING WATER ANALYSIS • SAMPLE DATA SUMMARY 

SAMPLE IDENTIFICATION 

Client: Inter-Mountain Laboratories, Inc. 

Client 10: Greybull, WY 

Sample Date: October 14, 1993 

Sample Time: 10:00 

Location: Spigot Before Tank 

SAMPLE PREPARATION DATA 

Volume: 0.050 Liters 

Filter Type: PC, 0.1 J.Lm 

Riter Size: 47 mm 

Exposed Filter Area: 1075 mm2 

Report Date: November 11. 1993 

DCLSetIO: 93-T-4715 

DCL Sample 10: 93-28454 

Date Received: October 15; 1993 

ANALYSIS DATA 

Magnification: 12,055X (1 cm .0.83J.Lm) 

Openings Analyzed: 11 

Grid Opening Area: 0.0105 

Total Area Analyzed: 0.1155 

ASBESTOS STRUCTURES ~10 MICRONS LONG 

Chrysotite: 

Grunerite: 

Riebeckite: 

Actinolite - Tremolite: 

Anthophyllite: 

Total Asbestos 
Fibers Detected: 

NO - None Detected 

Counts 

o 
o 

o 
o 

o 

NO 

Concentrations (MFL) 

<LOD 

<LOD 

<LOO 

<LOD 

<LOD 

Total Asbestos 
Concentration: <LOD MFL 

Limit of 
Detection: 0.19 MFL 

<LOD - Less than Umit of Detection MFL • Millions of Fibers per Uter 

Notes: EPA regulations specify that drinking water must contain less than 7 MFL asbestos. 

I cerity that this analysis was performed In full compliance with the EPA recommended method for TEM analysis of asbestos fibers In 
water. EPA 600/4-83-043, Analytical Method for the Determination of Asbestos Fibers In Water, with 1992 EPA modifications. 
Results apply only to the portion of the sample analyzed. 

vj!JtdlJi-H a Ju/ltA.t;d/~ 
Kristine A. Schwettmann 
Analyst 

Anna Marie Ristich 
Reviewer 
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APPENDIXE 

OWNERSHIP LIST AND MAPS 



TABULATION OF WATER USERS NOT WITHIN THE TOWN OF GREYBULL 

EXISTING USERS 

TABULATION NO. 1 ADDITIONAL SUPPLY 

Name Township Range Section 1/4 1/4 
~--.--~-~--~---~----~--------~---------~-----------------------------~--~ 

1 Town of Greybull 
2 Town of Shell 
3 Sam Saban 52 91 1 ne ne 
4 Martin Rettinghuusp. 52 91 9 se sw 
5 Ron Nelson 52 92 2 Tract 63 
6 Larry Bullinger 52 92 2 Tract 63 
7 Marvin Hankins 52 92 2 Tract 63 
8 Wal ~y Mayland 52 92 3 Tract 63 
9 Myles Riley r'l 

.JL 9? 3 Tract 63 
10 Marvin Hpin 5? 92 3 Tract 63 
11 Dave Morris 57 92 3 Tract 63 
12 Mplanie F.deler· 5 ,> t. 92 3 Tract 63 
13 I V(ln Thomas 52 92 3 nw ne 
14 Hichard Bauqh 52 9? 4 Tract 61 
15 Don Hdll~r 52 92 4 Tract 61 C 
1G Don Reichmuth 52 92 5 nw nw 
17 Ray Gi lmore 52 92 5 ne ne 
IR Tom De1aney 52 92 6 sw nw 
]9 Roger Collingwood 52 93 1 nw se 
20 Richard Wentland 52 93 1 ne sw 
21 Sinqle Tree Hauch 52 93 1 ne sw 
22 Richard Wentland 52 93 1 se nw 
23 Bruce Kennedy 52 93 4 nw sw 
24 Hicfl(lrd Lechnpt' 52 93 4 sw sw 
25 Dre~ser Minerdls 52 93 5 ne flW 
26 Eric Ba10 52 93 .. ~) East II? 
27 Grpybu11 Livestock 52 93 5 W 1/2 Lot (Lot 51?) 
2H l.loyd GrosE~cl()s~ 52 93 r .) lot 4 
1'9 South Big Horn Co. Air 52 93 6 lot 9 
30 C.E. Boyland 52 93 8 n(~ sw 
31 Guy Wy 1 ker'son 52 93 9 se nw 
32 Hector Good 52 93 q se ne 
33 f.Ug~fl~ tiufofma'1 51' 93 9 sw nt~ 

34 Gary Good 52 93 9 fll! nw 
3b Thad UdrptH" 5r 93 9 nfl Sf! 
]6 ,J jm Cumml "HS 52 93 9 se tlW 
37 lric: Udlo 52 93 9 sw ne 
30 Ril~y Collingwood b2 93 9 sw fW 
39 dim House 52 9:1 9 nw St~ 

40 Oavid Cook 5? 93 q ne su 
41 Jalll~s tia 11~tHl 52 93 9 ne sw 4 f) ,. Wdyne Par'l s 52 93 9 na sa 
43 James Halleen 62 93 9 nw S6 
44 .J 1m Hurn 52 ~13 q nn S6 
46 Jim Bruwn 52 93 9 nu Sf. 7(Ja u r,4<l' · 

.,4 . ./ ' 1J ,~I )/ V 



46 Roger Good 52 93 9 se ne 
47 Dorothy Rath 52 93 9 ne sw 
48 Gary Gilbert 52 93 9 nw sw 
49 Troy Wilkinson 52 93 9 nw nw 
50 Jerry Porter 52 93 9 se nw 
51 M.R. Wood 52 93 9 ne ne 
52 Dan Brown 52 93 9 nw se 
53 Bill Cliftcn 52 93 9 ne sw 
54 Ronald Oalin 52 93 9 se nw 
55 Mark Powers 52 93 10 sw se 
56 Donald Fisher 52 93 10 se sw 
57 Virgil Jordon 52 93 10 se sw 
58 Larry Jordon 52 93 10 sw sw 
59 Cass Bush 52 93 10 nw se 
60 Kenny Gil ber't 52 93 10 ne se 
61 Glen Nelson 52 93 10 nw se 
62 W. R. Brewer 52 93 10 ow sw 
63 Curt Good 52 93 11 ne se 
64 James Backman 52 93 11 ne sw 
65 Chet Jordon 52 93 11 ow se 
66 John Arney 52 93 11 Sfl nw 
67 Harry Barnett 52 93 11 sw ne 
68 Bernard Clear 52 93 11 se sw 
69 Melvin Turn(lr 52 93 15 nw nw 
70 D.H. Hanson 52 93 17 nw se 
71 S.D.A. Church 52 93 17 nw se 
72 Big Horn Vet Clinic 52 93 17 nw se 
73 Asmara Oi 1 52 93 17 nw S~ 

74 Davies Machiue 52 93 17 nw se 
75 Rowena Paton 53 90 19 ne sw 
76 Ann Schuber't 53 90 19 sw np 
77 Sam Scharerl 53 90 19 Lot-3 WJNWJSWA 

Pt SWASWI 
GLO PLAT 

78 Jack Smith 53 91 23 se Sf? 
79 Jim Goton 53 91 24 sw se 
80 Andy Leavitt 53 91 25 f1W nw 
HI Jack Clucas 53 91 25 He nw 
H? Mary Schult1 53 91 25 sw sw 
H3 Vena Pearson 53 91 26 sw sw 
84 MatTi s Stodddrd 53 91 26 sw sw 
U5 o . R. Lea v itt 53 91 26 sw sw 
B6 Olive Stoelk 53 91 26 sw sw 
87 Veda Smith 53 91 25 sw sw 
SA Robert Christensen 53 91 26 sw sw 
89 George Greene 53 91 26 sw sw 
90 Glen Mowell 53 91 26 sw sw 
91 Shell Camper Court 53 91 26 sw sw 
92 0011 Genrne I 53 91 25 sw sw 
93 Shell School 53 91 26 sw sw 
94 Calvin Schultl 53 91 26 sw sw 
95 She II Town Vi 11 a 53 91 26 sw sw 
96 Liz Michel~na 53 91 26 sw ~w 

97 Shell l.odge 53 91 25 5W 5W 

2 "'i ~J. ~ L:iJ' f 



98 Pauline Tatlock 53 91 26 sw sw 
99 Don Mewell 53 91 26 sw sw 
100 John Haley III 53 91 26 sw sw 
101 John McNiven 53 91 26 sw sw 
102 Community Church 53 91 26 sw sw 
103 Rebecca Erickson 53 91 25 sw sw 
104 Catherine Nelson 53 91 26 sw sw 
105 Ha'rry Jerup 53 91 26 sw sw 
106 Corrmunity Hall 53 91 26 sw sw 
107 Walter Drengson 53 91 26 sw sw 
108 Le.:ter Perkins 53 91 26 sw sw 
109 Pat t y T Y re 11 53 91 26 sw sw 
110 Vera Good 53 91 26 sw ne 
III Mamie Hayes 53 91 26 sw sw 
112 Barbara Mowell 53 91 25 sw sw 
113 Shell Post Office 53 91 26 sw sw 
114 Gl en Mowe 11 53 91 26 sw sw 
115 Karyne Dickson 53 91 26 ne ne 
116 Larry Anderson 53 91 26 sw sw 
117 Liz Michelena 53 91 25 sw sw 
118 Marie Herron 53 91 26 sw sw 
119 Ellery Kelly 53 91 26 sw sw 
120 Mike Golon 53 91 26 sw sw 
121 David Nelson 53 91 26 sw sw 
122 John Haley 53 91 26 sw sw 
123 Don Genlne 1 53 91 25 sw sw 
124 Shell Town Villa 53 91 26 sw S\"l 
125 Liz Michelena 53 91 26 sw sw 
126 Dolan Scharen 53 91 26 sw sw 
127 Dave Flitner 53 91 30 se nw 
12A Walt Yager 53 91 31 se nw 
12q Walt Yager' 53 91 31 sw ne 
130 Dave flitner 53 91 31 se ne 
131 Di.&ve Flitner !J3 91 32 sw nw 
132 Ann ell aMi 11 e t' 53 91 32 se ne 
133 Richard Whaley 53 91 32 nw nw 
134 Vera Saban 53 91 32 se nw 
135 Henry Smith 53 91 33 se ne 
136 frank Murray 53 91 33 ne ne 
137 Rosie Spindflr 53 91 33 ne se 
138 Chester Whaley 53 91 33 se nw 
139 C.N. Helm 53 91 33 nw se 
140 Floyd <;mith 53 91 33 se ne 
141 Chester Whalpy Jr. 53 91 33 nw sw 
14? Ron Bourke 53 91 34 nw nw 
143 rtichard Kost 53 91 34 ne sw 
144 Wi 11 i am M 1 tche 11 53 91 34 nw sw 
145 f.B. Schuyler 53 91 35 nw nw 
146 Stan fl1tner 53 92 25 se nw 
147 Archie Grisham 53 92 32 sw se 
140 Ralph nech 53 91' 33 se se 
149 Darlinda Brauher 53 92 33 sw sw 
150 John Davis 53 QQ 33 ne se 
151 Charles UdV1S 53 9l 33 ne se 



152 Clair Cheatham 53 92 
153 Ed Rech 53 92 
154 Wa.Yne Barnett 53 92 
155 B.J. McIntosh 53 92 
156 Fred Barnett 53 92 
157 Robert Walton 53 92 
158 Fred Barnett 53 92 
159 Myron Merpdith 53 92 
160 John Anderson 53 92 
161 Stan Flitner 53 92 
162 Mer1 Gipson 53 92 
163 Claude Duggan 53 92 
164 Whaley Cemetary 53 92 
165 James Carrico 53 92 
166 Howard Edwards 53 92 
167 William Gerrard 53 92 
168 John M. Anderson 53 92 
169 Ken Jackson 53 92 

NEW USERS 

170 Wyoming Highway 
Department 52 93 

171 Ken Adkins 53 91 
172 luella Boyd 53 91 
173 Frank Neidigh 52 92 
174 Floyd C~11ingwood 52 92 
]75 Mary Collingwood 53 90 
176 loren Good 53 91 
177 Steven lucas 52 92 
178 Roy Gregory 53 91 
179 Quinton Noyes 52 92 
180 Edgar Smith 53 91 
181 lonney Howe 52 93 
182 Brad DeWitt 52 93 
183 Tim Brown 52 93 
184 Wayne Johnson 52 93 
185 Bill Boyle 5? 93 
]86 Bill Boyle 52 93 
187 Gene Powers/ 

Dan Hawkins 53 91 
188 Gene Powers! 

Dan Hawkin~ 53 91 
189 Gene Powers! 

Dan Hawkins 53 91 
190 Dan Hawkins 52 93 
19] K.l. Reed 52 93 
192 Terry Mollenbrink 52 93 
193 ~1art 1 n May1 and 53 91 

194 f<obert Quick ,:::') 91 >oJ ,I 

195 Terry Peak 53 91 

196 Spencer Wdll 53 91 

34 
34 
34 
35 
35 
35 
35 
35 
36 
36 
36 
36 
36 
36 
36 
36 
36 
36 

6 
34 
33 
6 
6 
19 
26 
5 
26 
3 
26 
9 
6th PM 
9 
9 
9 
9 

2G 

26 

26 
10/11 
11 
9 
35 

35 
35 

35 

..,.tCRC) 
~'LML~ 

sw nw 
Sh sw 
R.! ne 
se sw 
nw sw 
ne sw 
se nw 
se sw 
sw se 
se se 
se ne 
se sw 
se ne 
se se 
sw sw 
s\" nw 
sw se 
ne ne 

S!, lot 9 
se 
sw 
Tract 58 
Tract 57 
nw sw 
ne ne 
TR-60N 
ne ne 

DEC . ~ 8 tS92 

nw? 

Part of 63E & 63f 
536.9 W of NEi 
Lot 6 
lot 54 
lot 6 
lot 6 
lot 6 
lot 4, Block 3 

W! of Sf 

se sw 

sw ne 
SE! 
sw se 
lot 6 
Parcel 9. 10 & fA 

of 11 ? 
Parce 1 4 ? 
Parcell & 2, 
Part of NE. NW! 

ne nw 



197 James Crawford 52 93 
198 Dan Shelton 52 93 
199 Scott Col1in9wood 52 93 
200 Wayne paris . 52 93 
201 Dan Brown 52 93 
202 Tim Kershner 52 93 
203 Gary Schulz 52 93 
204 Faye Collingwood 52 93 
205 John Dahlberg 52 93 
206 Virginia Casey 53 91 
207 C.l. Manuel 53 91 
208 Charlene Collingwood 53 91 
209 Lou Ann Tompkins 53 91 
210 John King 53 91 

211 John McGough 53 91 
212 Alan Bentley 53 92 
213 Mike Lipp 53 92 
214 Joe Nesbitt 52 93 

1 
1 
0 
." 

9 
9 
9 
1 
1 
17 
8 
26 
31 
32 
35 

36 
35 
35 
9 

MrC:RC; 4O&t 
FILMED DEC 2 8 ~ 

se se 
Lot 6 
? 
Lot 4 
Lot 72 ? 
l.ot 3 
? 
Lot 3,4.1.2,5.6 
lot 14 
sw nw 
ne ne 
? 
NjSW!NEJ 
Parcel 6 Canyon 
View Subdivision 
se ne 
? 
SE 
? 



PROPOSED USERS - JULY 1 t 1991 

1 Irwin Richardson 52 93 
2 William Bradshaw 52 93 
3 Wayne Paris 52 93 
4 W • R. B rewe r (5) 52 93 
5 Wm. B. Murdoch 52 93 
6 Charlene Measles 52 93 
7 . F. Childers & R. Paton 53 90 
8 Andrew Leavitt 53 91 
9 Chester Whaley 53 91 

10 Chester Whaley 53 91 
11 Scott Smith 53 91 

12 John McGough 53 91 
13 John McGough 53 91 
14 John McGough 53 92 
15 Al Fitch 53 91 
16 Terry Wood 53 92 
17 Thomas Clarke 53 91 
IH Vern Smith 53N 9IW 

RED BLUFF SUBDIVISION 53 91 
OWNERS: 

19 Jame~ & Carolyn Goton 
20 Clark & Jean Izzard 
21 First Nat. Bank of Greybull 
22 Security Bank of Basin 
23 First Wy. Bank of Cheyenne 

CANYON VIEW SUBDIVISION 53 91 
OWNERS: 

24 Scott & laRae Smith 

9 
9 
10 
10 
17 
17 
19 
25 
32 
33 
35 

36 
36 
33 
25 
35 
26 
34 

25 

35 

~·4rCRO rJ[C '{ d- 1992 FILML.LJ 

? 
Lot 5 
Lot 1 
Lot 1 
Lot 25 
Lot 25 
sw sw 
sw nw 
ne ne 
NW ? 
Lot 3 Smith 
Subdivision 
se sw 
sw se 
Sf: sw 
ne ne 
SEA 
se ne 
ne ne 

Lot 1 
Lot 2 
Lot 3 

lot 4 
Lot 5 
Lot 6 
lot 17 
Part Lot 7 
Part Lot 16 

Parcel 1 
Parcel 2 
Pa rc~ 1 3 
Pa rce 1 4 
Parce 1 5 
Pa rCf~ 1 7 
Parce 1 8 
Pa rce 1 9 
Parcel 10 
Parcel 11 
Parc~ 1 12 
Parcel 13 



SMITH SUBDIVISION 53 92 Tract 63G: 
OWNERS: Parce 1 1 

f'arce 1 7 
25 Scott & LaRae Smith Part of Parcel 2 

Part of Parcel 7 
Tract 63H: 
Parce 1 3 
Parce 1 4 
Parcel 5 

Part of Parcel .... 
(. 

Part ()f Parcel 7 

SMITH SUBDIVISION 53 92 35 Parcel lA 
Parcel 2A 

owners: 
26 Scott & LaRae Smith 

27 WE-9 SUBDIVISION 52 92 Tract 63AII 
Parce 1 1 

owner: Part of Parcf'l 2 
28 WE-NINE Associated Tract 63B: 

Parce 1 3 
Part of Parcel 2 
Part of Parcel 4 

Tract 63C: 
Parce 1 5 

COLLINGWOOD SUBDIVISION 52 93 1 Lot 5 
Lot 7 

owners: 
29 Gat~y Schutz 52 93 12 Lot 1 
30 Allen & Faye Collingwood ? Lot 2? 
31 first Nat. Bank of Greybull Lot 3 

Lot 4 







APPENDIX F 

AIR VALVE INVENTORY 



Item 
1 Pit 

2 Air Valve 
3 Air Valve 
4 Meter Pit 
5 CL tap 
6 Inj ector Pit 
7 Blowoff 
8 Blowoff 
9 Air Valve 

10 New Air Valve 
11 Air Valve 
12 Air Valve 
13 Blowoff 
14 New Air Valve 
15 Air Valve 
16 New Air Valve 
17 Blowoff 
18 New Air Valve 
19 Blowoff 
20]d.r Valve 
21 Air Valve 
22 Blowoff 
23 Smith Valve 
24 Id.r Valve 
25 New Air Valve 
26 Blowoff 
27 Air Valve 
28 New Air Valve 
29 Blowoff 
30 Air Valve 
31 Blowoff 
32 Air Valve 
33 Air Valve 
34 New Air Valve 
35 Air Valve 
36 New Air Valve 
37 Blowoff 
38 New Air Valve 
39 New Air Valve 
40 New Air Valve 
41 Air Valve 
42 Blowoff 
43 Air Valve 
44 Blowoff 
45 Whaley Valve 
46 Air Valve 
47 New Air Valve 
48 Blowoff 
49 Air Valve 

Greybull Water Supply Project 
Valve Inventory 

Station Distance Found Photo Number Comments 
7+50 0 skipped 

15+88 838 skipped 
32+12 1,624 skipped 
45+80 
45+95 
46+05 
48+56 
49+77 
56+18 
63+10 
77+74 
99+01 

102+05 
112+42 
120+48 
137+42 
142+56 
146+49 
155+35 
156+66 
175+66 
185+41 
187+56 
187+62 
210+65 
218+45 
223+04 
256+58 
272+43 
273+84 
276+42 
283+27 
289+67 
298+94 
318+42 
326+00 
327+24 
343+67 
355+57 
368+55 
389+29 
392+30 
393+90 
404+70 
404+74 
405+54 
418+42 
420+78 
425+45 

1,368 
15 
10 

251 
121 
641 
692 

1,464 
2,127 

304 
1,037 

806 
1,694 

514 
393 
886 
131 

1,900 
975 
215 

6 
2,.303 

780 
459 

3,354 
1,585 

141 
258 
685 
640 
927 

1,948 
758 
124 

1,643 
1,190 
1,298 
2,074 

301 
160 

1,080 
4 

80 

y 

y 

y 

y 

N 

Y 

Y 
y 

N 

Y 

y 
y 

y 

y 

N 

Y 

N 

Y 

Y 

Y 

Y 
y 

y 

y 

y 

y 

y 

y 

y 

y 

y 
y 

y 

y 

y 

y 

y 

N 

Y 

Y 

Y 

N 

19 
18 
17 

16 

15 

14 

13 

ok 
ok 
ok 
ok 

Leaks 
Under water -wi guage attached 
Combo - irrigation water damage 

ok 
skipped 
ok 
ok 
ok 
ok 

Under water - has gauge attached 

Disconnected - hydrant nearby 
No bypass 
Combo - ok 
fair 
fair 
ok 
ok 
Damaged - valve box sideways 
Combo - new 
Under stream 
ok 
ok 
Under water - irrigation 
poor - old I rusted 
fair - small leak 
ok 
ok - new wlguage (spring 1995) 
poor - leaking 
Combo 
ok 

ok 
ok 
No bypass 

no access - skipped 
no access - skipped 
no access - skipped 

50 New Air Valve 433+88 

1,288 
236 
467 
843 y ok - some corrosion in vent 



Item Station Distance Found Photo Number Comments 
51 Blowoff 
52 Air Valve 

436+57 269 Y ok 
442+76 619 N Corn field 

53 Air Valve 448+30 554 N 
54 Air Valve 452+35 405 N 
55 Air Valve 467+80 1,545 Y 

56 Blowoff 470+80 300 N 
57 Air Valve 479+65 885 Y 
58 Blowoff 483+62 397 N 
59 New Air Valve 488+72 510 Y 

60 New Air Valve 492+82 410 Y 

61 Blowoff 500+55 773 N 
62 New Air Valve 520+48 1,993 Y 

63 Blowoff 522+50 202 Y 

64 New Air Valve 530+03 753 Y 
65 Blowoff 531+23 120 Y 
66 New Air Valve 538+02 679 Y 

67 New Air Valve 541+33 331 Y 

68 Blowoff 552+23 1,090 N 
69 Air Valve 563+77 1,154 Y 

70 Air Valve 582+00 1,823 N 
71 Air Valve 592+83 1,083 Y 

72 Air Valve 605+36 1,253 N 
73 Lucas Valve 609+49 413 Y 
74 New Air Valve 610+02 53 Y 
75 New Air Valve 629+00 1,898 Y 

76 Blowoff 631+95 295 N 

9 

7 

8 

Corn field 
Corn field 
ok - half buried 
swamp 
ok 

ok 
ok 

ok 
tall grass 
ok 
ok 
Combo - rusted 
poor - leaks 
taken out by town 
poor - leaks 

poor - leaks 

PRV has bypass 
poor - leaks 
ok - new 

77 Air Valve 649+06 1,711 Y ok - new 
78 Air Valve 666+74 1,768 N new ag field 
79 Blowoff 684+40 1,766 Y 6 ok 

80 Line Valve 684+44 4 Y 6 ok 
------------------------------------------~ .. ~~"' .. >-~--

81 Air Valve 698+60 1,416 Y ok 
82 New Air Valve 715+64 1,704 skipped 
83 New Air Valve 719+00 336 skipped 
84 New Air Valve 724+89 589 Y 5 ok 
85 Blowoff 738+86 1,397 N Under water? 

86 New Air Valve 749+80 1,094 skipped 
87 Blowoff 768+02 1,822 
88 Air Valve 775+06 704 
89 Air Valve 778+75 369 
90 New Air Valve 795+40 1,665 
91 Blowoff 801+13 573 

92 Air Valve 805+39 426 
93 Air Valve 825+64 2,025 
94 New Air Valve 841+85 
95 New Air Valve 
96 Meter Pit 
97 Valve Vault A 

98 Air Valve 
99 Valve Vault B 

100 Blowoff 
101 Air Valve 

854+97 
865+20 
865+25 
866+50 
867+90 
880+65 
885+81 

1,621 
1,312 
1,023 

5 
125 
140 

1,275 
516 

N 

Y 

Y 

Y 

N 

Y 

Y 

Y 

Y 
Y 

Y 

N 

Y 

4 

2 

1 

3 

ok 
poor - taken out 
poor 

skipped 
skipped 

ok 
ok 
poor - unsafe 
ok 
poor - under water 

ok 

ok - needs new valve 
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ATTENDANCE: 

GREYBULL WATER SUPPLY PROJECT 
LEVEL II 

SCOPING MEETING MINUTES 

John Jackson, WWDC 
Hamie Hamilton, Mayor, Town of Greybull 
Carl Emmet, Councilman, Town of Greybull 
John Hesco, Councilman, Town of Greybull 
Linda Meyer, Town Clerk, Town of Greybull 
Bob Graham, Town Shop, Town of Greybull 
Neil 11111, Town Shop, Town of Greybull 
Chris Lidstone, Lidstone & Anderson, Inc. 
Eric Fuller, Lidstone & Anderson, Inc. 
Frank Grimes, Nelson Engineering, Inc. 
Bob Hammond, Nelson Engineering, Inc. 

I. Introduction of Consultant: John Jackson 

RWH/95-038-1 
06/19/95 

John also gave a brief history of Greybull's water supply 
and events leading to this study. 

II. Proposed Scope of Project: Frank Grimes/Chris Lidstone 

Frank described the current transmission line using a 
schematic as a visual aid and pointed out possible areas of 
close study. Frank then went into data collection for the 
project stating that a survey to tie crucial elements on the 
pipeline to the same datum would help in pressure 
calculations. Also, future population projections and 
evaluation of current supply would be examined. 

Frank covered areas of possible enhancements to the current 
supply sources, as well as examining the "Grey Well" for 
possible use. 

Chris was called on by Frank to address the evaluation of 
the two Shell Wells (aka Trapper Wells) and the Grey Well. 
Chris told the group that the two Shell Wells would be 
tested for current production and that the Grey Well may be 
tested also. He also discussed increasing production of the 
Shell Wells with pumps as a possible alternative. Cost 
analysis and O&M projections need to be developed and the 
best course taken from there. 



Page 2 

GREYBULL WATER SUPPLY PROJECT 
SCOPING MEETING MINUTES 

Frank then went into the schedule of the project, using a 
chart as an aid. He discussed the parts of the study 
expected to be completed and approximate meeting dates. 
Frank emphasized the objective of the first portion of the 
project is to evaluate the current system, develop possible 
improvements and related cost estimates. After that, a 
meeting with the parties involved would be held and a 
direction of action decided. Frank then said that 
preliminary plans would be drawn and a more detailed cost 
estimated calculated. 

Frank then summarized the scope in conclusion. 

COMMENTS/QUESTIONS/DISCUSSIONS 

Question: 

Discussion: 

Question: 

Discussion: 

Discussion: 

Question: 

Discussion: 

(Hamie) Would auto valves work better than gate 
valves? 

(Bob G./Frank) Yes. Bob talked about the Smith 
valve (Butterfly valve) and how long they have 
lasted. Frank discussed pressure zones along 
pipeline. 

(Hamie) Do we need to test Grey Well? 

(Chris, Bob G., Frank) It should be re-evaluated 
for possible use in the system. If the existing 
well could be redeveloped, it may be cost
effective. It has not been tested in the last 6-8 
years. Well drilling and testing reports are 
inconsistent. 

(Frank, Hamie) EPA requires filtration on water 
surface sources. If they installed a filtration 
system, they would meet EPA regulations. Not sure 
about water rights, and how they are affected, but 
will look into them in the course of this study. 

(Hamie) Can we use bag filters? 

(Frank, Chris, Bob G.) Discussed pros & cons to 
bag filter systems. Frank talked about backwash 
problems and disposal of wash water. 
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GREYBULL WATER SUPPLY PROJECT 
SeOPING MEETING MINUTES 

Question: 

Discussion: 

Question: 

Discussion: 

Question: 

Discussion: 

Question: 

Discussion: 

Bob G. discussed problems with contact time on 
chlorination. There is only seconds until first 
customer. Also, groundwater is generally 
acceptable and doesn't require treatment. 

(John H.) Do we need more information? 

(Bob G., Frank) Discussed evaluation of current 
tanks. Possibility of inside inspection when tank 
is empty. Tanks should be inspected every 5 years 
or so. 

(Hamie) If tank is empty, where can water supply 
come from? 

(Frank) Use a temporary tank or bypass current 
tank; prior to emptying, should make preparations 
for temporary storage. 

(Hamie/Bob G.) How are people getting pressure 
high on hillside lots? 

(General) People on hillsides are using pumps to 
pressurize their system. This is in violation of 
Town ordinances if they booster pump directly from 
transmission main. Some houses have only 20 psi. 

(Bob G.) Who is responsible for Grey Well. 

(Bob G., John J.) Grey well is still the 
responsibility of the Town. If you want to use 
the well, just reapply for water rights, as the 
temporary permit has lapsed. 

Meeting adjourned. 

. A~~~ j&15;ni?l ted )Y',1/· . 

,. F::nk . rimes, PE & LS 
Project Manager 
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MINUTES 

RWH/95-083-1 
8/16/95 

GREYBULL TRANSMISSION LINE STUDY 

Progress Report Meeting 
August 16, 1995 
3:00 PM 
Greybull Town Hall 

ATTENDEES: 
Hamie Hamilton 
John Hesco 
Carl Emmett 
Linda Meyer 
Kathy Smith 
Bob Graham 

Neil Bissell 

John Jackson 
Frank Grimes 
Bob Hammond 

PURPOSE OF MEETING: 

Mayor 
Councilman 
Councilman 
Town Clerk 
Secretary 
Water System 

Maintenance 
Director, 
Public Works 

WWDC 
Project Manager 
Design Engineer 

Greybull 
Greybull 
Greybull 
Greybull 
Greybull 

Greybull 

Greybull 

Nelson Engineering 
Nelson Engineering 

This meeting was called for two reasons. First, to inform the 
Greybull Town Council and Wyoming Water Development Commission of 
the progress on the study. Second, to present alternative 
development plans for water supply and obtain approval to 
complete conceptual design for the favored alternative. 

Call to Order: 3:00 PM. 

Waterline Study by Nelson Engineering 

Frank covered the project in summary, stating items that have 
been done so far and items to be completed by the end of the 
project. Frank said that he hoped to get some direction from the 
Town Council as to which option presented at this meeting should 
be studied further. The Town Council was reminded that the cost 
estimates presented today are not exact, but rather order of 
magnitude. These estimates are to be used to get a general idea 
as to the cost of the options presented and that a much more 
detailed estimate would be computed in the remainder of the study 
for the option chosen. 

Frank then reviewed the water source options presented at the 
Scoping Meeting to refresh the Council's minds of alternatives. 
The main sources of water for Greybull were described as: 1) 
surface water; and, 2) groundwater. The well names were reviewed 
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so that everyone knew which names referred to which wells. The 
Shell Valley Wells are also known as the Trapper Wells and the 
Greybull No. 1 Well is also known as the Grey Well or the Whaley 
Well. A question from the Mayor about watershed management led 
to a brief description of the process involved in watershed 
management. Examples of what would be required included 
eliminating grazing, control of access to water, and control of 
development in the area. Examples of locations in which 
watershed management is being tried included Lake Tahoe, Salt 
Lake City, and Pinedale. Frank said that he did not feel that 
this was a viable option for the area and the Council agreed. 
The Council was left some literature on the process for review. 

Frank then reviewed the Town's surface water rights. First, an 
1893 right of 1.326 cfs (about 600 gpm) is an excellent right, 
and the second, from the 1930' s for 17.85 cfs is not very good as 
it is a "junior" right. This junior water right is only 
available if water is available after other senior rights are 
met. Mayor Hamilton thought there was another right to Shell 
Creek water and got a copy of a list of rights on Shell Creek. 
Frank said he was unaware of this right and would verify it. 
Frank also stated that the Town has a right to 2 cfs from the Big 
Horn River, but it is not a good source of drinking water. The 
basic requirements to keep water rights are: 1) the water must be 
used at least once in 5 years; and, 2) there must be a means to 
divert. 

The discussion then went on to the water tank (1 MG) inspection 
that was recently done by Liquid Engineering. Frank stated that 
even though the inspection was not part of this study, it was 
important to the welfare of the water supply system. The tank is 
said to be in good condition with some minor problems. Some 
paint had flaked off and this was an initial sign of 
deterioration. Cathodic protection was recommended by Liquid 
Engineering to preserve the tank into the future as well as some 
minor maintenance. For a tank of this age (30 years), it was 
reported in good shape. 

This led to a discussion of the Shell Tank (300,000 gal). 
Currently, the system is using less than 10 percent of the tank. 
This is due to the fact that a few users suffer critical pressure 
loss if the tank level drops below near full. Frank recommended 
that the Town develop a policy of cistern placement to correct 
this problem. Services need to be designed to operate 
satisfactorily when the transmission and supply system is at a 
low level. 

Frank also covered other problems on the main transmission line 
discovered during this study. Meters at the gallery, wells, and 
at the Greybull Tank need to be either installed or maintained. 
This is very important because these meters will help the staff 
discover leaks in their system and would be very useful in this 
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study and future studies and be invaluable for water audits. 
Frank thanked Kathy Smith for her efforts in helping Nelson 
Engineering work through the billing records. It is understood 
that the records prior to current records do not include all of 
the users since schools, parks, and community buildings were not 
metered or billed. This has been corrected and the billing 
records in the future will reflect the total use. 

Also on the transmission line, valves known as Smith Valve and 
Whaley Valve are currently manually operated constantly to 
maintain upstream pressure. It is highly recommended that these 
valves, which are gate valves, be replaced with automatic 
pressure reducing valves. Nelson Engineering will be doing 
preliminary design of the PRV' s for this study. From the 
analysis of the hydraulic grade line, the transmission line from 
the infiltration gallery to Shell shows signs of a major leak. 
Leak detection is recommended and will be covered along with the 
rest of the recommendations in the final report. 

The discussion moved on to cover the wells. During the study, an 
abbreviated step test and constant flow test was done on the 
Shell Well No.2. Based on the data from these tests, the future 
production of the wells, if used on a near constant basis, would 
be about 1160 gpm. Sustained yield is about 200 gpm from Shell 
Well No. 1 and 960 gpm from Shell Well No.2. These values are 
lower than current production levels because they reflect the 
effect of constant use over a 30-year period. These values are 
the 30-year projection for the safe use of the wells, not the 
short-term production capabilities which are a combined 1600 gpm. 

Hydraulic grade line maps prepared by Nelson Engineering were 
presented. The map was split into plan and profile sections. 
The plan views are modified quadrangle maps that show the 
location of the pipeline and new highway alignment. Also shown 
are the locations of the wells, infiltration gallery, valves, and 
tanks. 

Frank discussed the billing records again and said that current 
records show a water use of 198 gal/capita/day (gpcd) on an 
annual basis and 329 gpcd during the summer months. This use is 
very low compared to other communities of similar makeup and is 
attributed to the non-metering or non-billing of parks, schools, 
and museums. Estimated daily use of 270 gpcd will be used in 
this study for calculations of future demands. Future growth for 
the Town is based on DAFC reports and is expected to be 0.7% per 
year for the next 20 years. With this growth rate, the water 
system would require about 1,600,000 gal/day (rounded). This is 
divided up as: Greybull - 1,388,000 gal/day, Shell Valley -
190,000 gal/day, and Shell - 41,000 gal/day. Since the design of 
any water system is based on future Maximum Day Demand (MDD), a 
calculated 1124 gpm is required. MDD is estimated at 2.5 times 
Average Day Demand. 

-3-



The profile portion of the hydraulic grade line maps were 
described by Frank. The map shows the grade line at various flow 
rates as well as ground surface and service area. In order to 
supply the service area with adequate residual water pressure, a 
maximum of 1200 gpm can flow through the pipeline. The Smith and 
Whaley valves are being used to create back pressure in the pipe 
and in doing so, the amount of water conveyed through the system 
is reduced. Thus a shortage in the Town is felt. If the gate 
valves are replaced with pressure reducing valves (PRV), then the 
system can automatically react to the demands put upon it. 
Consumers at high elevations, where the system cannot supply 
adequate pressure, should be required to install pumps at their 
own expense. Each case of low pressure would have to be examined 
on an individual basis. 

Neil mentioned that he noticed the meter between Town and the 
Greybull Tank had shown water use of over 1400 gpm at times 
before it broke. He thought that the extra water must be coming 
from the tank and not all from the pipeline. Frank agreed. 

Regulations from the Environmental Protection Agency (EPA) were 
discussed. Notice of Violation of the Surface Water Treatment 
Rule had been issued to the Town for not filtering surface water. 
Basically, the ways to comply are to build a treatment plant, use 
groundwater exclusively, or institute a watershed control 
program. Any plant would need to be oversized and with redundant 
systems so that when the largest part of the water supply system 
is out of service, there is enough storage and supply to meet 
MOD. John Jackson mentioned that wells have similar rules and 
that you must be able to remove the best production well and 
still provide storage and supply for MOD. He also noted that it 
gets more complicated with storage systems. 

Frank went into the various options with relative costs involved 
for construction and annual costs over 20 years. First, a full 
size water treatment plant that will handle the MOD in the 
future. This 1.6 MG plant would preclude any violation from the 
rule because the water would be filtered. This option would also 
preserve the water rights on Shell Creek. Estimated construction 
cost would be $1,800,000 and anticipated annual costs would be 
$13l,OOO/yr. The Mayor asked about the type of plant and Frank 
said it would be a rapid gravity filtration plant. Councilman 
Hesco also helped answer the Mayor's question. Neil asked about 
the use of chlorine and if it would be against regulations. 
Frank said that it would meet current regulations and that other 
options are available, but more costly. Ozone is an option, but 
a big OM&R problem because it must be produced onsite and the 
generators historically break down and are costly to operate. 

Another option is to abandon the Shell Creek water right and 
convert exclusively to groundwater. With the current two wells, 
there 1s about 1160 gpm of sustained production and, therefore, a 
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third well would need to be located and drilled. This option 
would also relieve the Town of any EPA violation, but would 
probably result in the loss of the water rights on Shell Creek. 
The benefit is an extremely low initial and operating cost. The 
estimated construction cost is $320,000 for the well plus any 
pipeline to tie into the existing system. The annual cost would 
be approximately $20,000/yr. 

Cartridge filtration systems were evaluated for filtering Shell 
Creek water. At a flow rate of 800 gpm, the system would allow 
water rights in Shell Creek to be maintained, mitigate the EPA 
violation, and have a low initial cost. The estimated initial 
cost for such a plant is $540,000 with annual costs of 
$176,000/yr. The high annual costs result from frequent 
cartridge replacement at a cost of $400 each. 

The final option discussed was a combination of water treatment 
plant and groundwater wells. Currently, the wells have a 
sustainable production of 1160 gpm. This alone would satisfy the 
MOO in 20 years, but would not satisfy redundancy requirements of 
WOEQ that the system must be able to sustain MOO with the largest 
production source out. With the addition of an 800 gpm water 
treatment plant, the system requirements of the WOEQ would be 
met, the EPA violation would no longer be in effect, and Shell 
Creek water rights would be preserved. The estimated project 
construction cost is $1,200,000 for the plant with an annual cost 
of $lOl,OOO/yr. Councilman Hesco noted that some of the annual 
costs are already being paid, such as labor, testing, etc. Frank 
agreed. 

The presentation portion of the meeting was over and Frank asked 
if the Council had any questions about the options. The Mayor 
asked which option Frank recommended. Frank answered that the 
combination water treatment and groundwater is the system that he 
thought would work the best because it preserved the water rights 
and complied with SWTR; from a purely economical standpoint, the 
groundwater only option was the best. The Mayor wondered about 
service to people east of Shell and if they could still get water 
if the wells became the only source of water. It was pointed out 
that the existing 300,000-gallon tank is high enough to provide 
service to that area. Neil supported the idea saying that they 
had accidentally backflowed water into Shell Creek once before 
and there was enough pressure to deliver water to the users east 
of Shell. Frank then showed the Council that the 800 gpm water 
treatment plant option was good because the plant could be placed 
approximately at the same location as the current chlorine 
building. This location is above all current users, but is low 
enough to work with a gravity supply. 

Frank asked the Council if they could give some direction to the 
remainder of the study by deciding on an option for closer 
examination. This was followed by a general re-discussion of 
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costs of all of the options. Councilman Hesco noted that any 
grant money would reduce the direct cost to the Town. Neil asked 
how much manpower the BOO gpm plant would require. Frank 
answered that the plant could be set up to run semi-automatically 
with very little manpower; however, two Class III operators would 
be required. John Jackson added that some communities use the 
water treatment plant only in the summer when demand is highest. 

Linda Meyer stated that present annual income from water is 
$260,000. The entire group agreed that the days of $3-$5/mo. for 
unlimited water are over. The people in this service area are 
not going to want to pay more for their water than they have to 
and would cut back on usage. Linda said that the people on the 
Shoshone pipeline cut back on their usage to reduce water bills 
and this caused a shortfall in projected revenues. Neil thought 
this could happen in Greybull, too. John Jackson added that some 
communities have set a high minimum so that the required revenue 
for debt retirement is further assured. 

The Mayor reiterated that the Town currently has water rights on 
Shell Creek and that they should be used if possible. Frank 
noted they could transfer the diversion closer to Town and 
install another distribution system for irrigation purposes. 
This would preserve the water right and reduce the demand on the 
potable system. However, it would be expensive to install 
another distribution system for the raw water. The water rights 
could also be leased to agricultural users. This has never been 
approved by the Board of Control to go from a preferred use to a 
non-preferred use, and may be unlikely. John Jackson said that a 
good case could set the precedent or the Town could just sell the 
right. Councilman Emmett asked about how often the water must be 
used to maintain rights. Frank answered that the water must be 
used at least once every five years. 

Frank asked if the Council had more questions, maybe about the 
groundwater option. Councilman Emmett asked if there was a 
possibility of running out of groundwater. Frank said that it 
was a possibility, but unlikely. Councilman Hesco asked about 
the low annual cost. Frank answered that the annual cost would 
be mostly labor associated with operations and maintenance. 
Since the wells are artesian, there is very little maintenance 
and electrical costs. There would be some pipeline maintenance. 
John Jackson noted that the well would probably be located away 
from the other two wells due to possible groundwater influence on 
the original wells. Neil thought closer to the mountains would 
be better, while John Jackson thought that near the mouth of 
White Creek would be a possibility. All agreed that everyone has 
an opinion about where to drill, but a study would need to be 
completed by a qualified professional to properly locate a drill 
site. 

Councilman Hesco thought that the option of an all surface water 

-6-



system is far too costly. The group agreed. Mayor Hamilton 
thought the best option was the combination surface and 
groundwater because the people would want to keep the water 
rights and liked the surface water quality better. Councilman 
Hesco agrees that the combination option was good. Frank again 
pointed out that it is more costly than the groundwater option. 
The Council acknowledged that aspect. 

John Jackson noted that the interest rates for loans were going 
up. Currently, the rate is about 7.5%. Also, grant funding is 
getting to be extremely hard to find. Linda thought that they 
would need all the grant money possible. John Jackson said that 
it would be good to get grant money, but the loan money is far 
easier to obtain right now. Linda asked about possible Abandoned 
Mine Land (AML) money. John Jackson thought that it would be a 
good option to look into, but Green River and Rock Springs used 
most of the money for their projects. Money may not be available 
for a couple more years. The rationale could be made that 
Greybull had been impacted by mining, particularly bentonite 
mining. 

Neil asked about the possibility of public input. Councilman 
Emmett said that the public will have no choice. They need the 
water, but the method of supply must not violate EPA regulations. 
Linda thought that public input would be good and it would help 
them understand the problems. The group agreed that the public 
prefers the surface water, but may change their minds when they 
understand the costs involved. John Jackson added that he had 
talked with a couple of Townspeople earlier about the water. He 
noted that the people he asked did not care and could not tell 
the difference between surface or groundwater. The group agreed 
that they could not tell the difference either. Neil noted that 
the water from a treatment plant would no longer be the same 
quality as present creek water. People may not like that idea. 

Linda asked about how much more investigation, design, and cost 
estimating is included in this study. John Jackson answered that 
the transmission line improvements would need to be listed out 
and discussed. These improvements may add up to a significant 
project. Councilman Hesco wondered if this meant automatic 
valves and meters. John Jackson said yes and that it would fall 
under this scope of work. John noted WWDC would not fund 
construction of a water treatment plant, but would fund 
rehabilitation and improvements to the water supply and 
transmission system. The Town would have to go after other 
sources of funding for the plant. 

It was asked that Frank list out the possible items needed to 
operate the transmission line better. Frank indicated that a 
leak detection program would need to be done to find possible 
leaks in the line. It is inevitable that there are some leaks 
and he believes that there is a large leak above Shell. Also, 

-7-



the Smith valve and Whaley valve should be replaced with PRV· s. 
The main line flowmeter pit needs to be replaced due to 
deterioration of the old pit. Replacement of the flowmeter to 
the chlorination building and a bypass is needed. The 1.0 MG 
tank needs to have some work done to it, but the Town is already 
looking into that. Neil added that the blow-off valves are 
mostly gone and need to be replaced. There are about 53-57 along 
the pipeline and almost none are working. Many of the vacuum 
breaker/air relief vaults along the transmission line need to be 
rebuilt or replaced with new ones. A telemetry system would be 
beneficial in more efficient operation of the system. Nelson 
Engineering will be looking closer at all of these improvements. 
John Jackson noted that once all the improvements are done to the 
transmission line, the groundwater option will look even better 
because of the additional funds required for line repairs and 
improvements. 

Linda reminded Council that they need to select the preferred 
option(s) and that Nelson Engineering is looking for direction. 
A motion should be made. Frank added that Nelson Engineering 
would refine costs and complete conceptual design on whichever 
option is chosen as well as summarize other costs. Councilman 
Hesco asked about the leak detection and if it was covered in the 
study. John Jackson said it was not covered in this study. 
Councilman Hesco liked both the combination option and the 
groundwater option and asked if Nelson Engineering could cover 
both in the remainder of the study. Frank indicated that was 
beyond the scope of study. John Jackson added that if conceptual 
design of the combined plant and groundwater option resulted in 
excessive costs, the Town could ask WWDC to drill a test well 
under the groundwater exploration program. The WWDC would fund 
the cost for the test well. The estimated cost discussed today 
is for a well in the same general area as the current ones. The 
project cost would increase the further away the new well is 
located from the existing wells. This is due to costs associated 
with increased length of transmission pipe. 

Councilman Hesco moved to approve further study on the 
combination option. Motion was seconded and passed. 

It was noted that the Final Report would not be out until 
November and that public hearings would be good at that time. 

The Council meeting then continued to cover other business of the 
Town. 

cc: Town of Greybull 
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MiNUTES 

RWH/95-083-1 
10/23/95 

GREYBULL TRANSMISSION LINE STUDY 

Progress Report Meeting 
October 23, 1995 
3:00 PM 
Greybull Town Hall 

ATTENDEES: 
Hamie Hamilton 
John Hesco 
Carl Emmett 
Linda Meyer 
Bob Graham 

John Jackson 
Frank Grimes 
Bob Hammond 

PURPOSE OF MEETiNG: 

Mayor 
Councilman 
Councilman 
Town Clerk 
Water System 
Maintenance 

Project Rep. 
Project Manager 
Design Engineer 

Greybull 
Greybull 
Greybull 
Greybull 

Greybull 
WWDC 
Nelson Engineering 
Nelson Engineering 

This meeting was called to present the findings of the water 
study to the Town of Greybull. Once presented water source 
alternatives, including conceptual design, and transmission line 
improvements, the Town must weigh the option and decide how to 
pursue any of the recommendations. 

REVIEW OF SCOPE OF WORK AND SCHEDULE 

Frank Grimes reviewed the scope of work and the schedule of 
the Greybull Water Study. This review included the evaluation of 
the transmission line and the determination of the most cost 
effective means of water supply. The evaluation of the waterline 
consisted of gathering survey data, pressure data, and system 
operation so that a hydraulic grade line could be calculated and 
drawn in profile. 

Before determining water sources, a projection of future 
water demand was necessary. Historical population and 
consumption numbers were tabulated and projected 20 years into 
the future. Once the volume of water was known water supply 
alternatives were evaluated for meeting the demand and regulatory 
constraints. Alternatives examined were surface water treatment 
plants, a cartridge filter plant, groundwater wells, and raw 
water irrigation systems. Other factors examined were the 
condition of the Greybull No. 1 well and water rights. 

Frank then went on to review a chart showing conclusions 
from the August 16, 1995 meeting. From that meeting came a list 
of items for conceptual design. Frank covered each item and 
explained where to find the concept design drawings in the 
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report. The items covered are: Surface water treatment plant, 
leak detection, Smith valve modification, Whaley valve 
modification, air release valve survey, flow meter pit design, 
flow meter installation, and telemetering. 

Next, the design criteria for the surface water treatment 
plant and groundwater wells was explained. First, a review of 
future demand showing a need for 1165 gpm as a maximum day demand 
in 20 years. If a SWTP were to be built, it would be necessary 
to design the capacity for 950 gpm due to regulations for 
redundancy. If a groundwater well were to be added to the system 
instead, it would only need to supply 250 gpm to meet state 
redundancy regulations. 

Frank explained that the reason the wells only need to 
supply 250 gpm is that state regulations require the design to 
meet the average day demand if wells are used. However, if a 
SWTP is used, the maximum day demand is required to be supplied. 
Both situations are if the largest water source is inoperative. 

Frank then directed the council to review some sections of 
the report with him. Transmission line improvements covered in 
Chapter VI, page 3, were examined by the group. Next, the 
conceptual design location determination was covered (also in 
Chapter VI, page 11). A telemetering, explained on page 9 of 
Chapter VI was also reviewed. The leak detection was added into 
the transmission line improvements cost, but was not covered in 
detail in the report. It was also noted that the well option was 
not covered in this section since only an economic analysis was 
done. 

Comments from the council on these items ranged from Mayor 
Hamilton noting the expense of the telemetering system to Bob 
Graham inquiring about the use of a phone system instead of radio 
for the telemetering communication lines. It was noted that the 
savings of not having personnel traveling up and down the 
transmission line would eventually offset the cost of the 
telemetering system. Also, phone communication systems have been 
"garbled" in previous telemetry systems, so a radio system is 
proposed. 

Frank then moved on to explain the project costs involved 
with the various options. In this report, the standard WWDC 
project estimating format was used so that engineering costs, 
legal fees, and contingencies are included. Also, the report 
explains the various funding scenarios. Frank referred to a 
chart that explained the SWTP and Wells options and included in 
both are the transmission line improvements. Bob Graham asked if 
the wells would be drilled near the existing wells or elsewhere. 
The wells could be drilled anywhere, based upon a groundwater 
study to be completed in the next phase, if desired. 

After covering the total project cost and funding scenarios, 
the bottom line annual cost including debt retirement and OM&R 
was discussed. Councilman Hesco noted that the high cost of 
continuing the use of Shell Creek water really makes that water a 
luxury. The groundwater option seems to be the only affordable 
option available. The group agreed with that opinion. 
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John Jackson noted that if the Town wished to apply for WWDC 
funding for transmission line improvements or for a groundwater 
exploration program, that they need to do so before November 3, 
1995. If wished, the Town could just continue with the same 
engineering firm or re-bid for the groundwater exploration 
program. Also, the town could ask for all of the money for the 
line improvements and build in phases. All that is needed is a 
resolution from the council. Mayor Hamilton asked about what to 
do with surface water rights if a well is used. John Jackson 
noted the possibility of leasing the rights to other users, thus 
retaining control. Approval from the Board of Control would be 
required. 

Frank then continued with the presentation and reviewed the 
conclusions and recommendations. Both are covered in the report 
under Chapter IX. Frank explained that the SWTP is the option 
that could meet local desires and regulations. However, the 
groundwater is recommended because it is the most cost effective 
(and affordable). Also, noted was the absence of a conclusion 
noting wasting of excess water at the Greybull tank. 

Recommendations include continuing with a Level III study to 
explore groundwater well locations and a review of the policies 
of service h09kuPS. It was discussed that EPA considers the Town 
responsible for water quality to the user's tap. Therefore, 
cisterns on the system that are privately owned may contain 
contaminants that the Town would be required to clean up. Multi
use lines would not be the responsibility of the Town. Extensive 
talks with EPA are recommended to clarify this issue. Also, a 
policy on new and existing hookups is needed so that operation of 
the water tanks is not interfered with. 

The meeting was concluded with the understanding that the 
consultant would remain another day to review improvements with 
Town personnel. The Final Report would be published by November 
1, 1995. 

PE & LS 
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