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Section

1

INTRODUCTION

SECTION 1
INTRODUCTION AND BACKGROUND

1.1

INTRODUCTION
The Red Lane Watershed Improvement District (hereinafter

referred to as the "District") is located approximately 2 miles
north of the Town of Thermopolis, Wyoming, along State Highway
20/789 (See Figure 1-1).
The District encompasses approximately
200 acres, and includes approximately 57 different parcels of
land and 44 landowners.
The source of supply for irrigation is a geothermal well
called the "May tag Well".
The well is a free flowing well and
its production has been reported by different sources anywhere
from 400 to 800 gallons per minute (gpm).
The water exits the
well at a temperature of approximately 128 degrees F.

It is

highly mineralized and contains a total dissolved solids concentration of over 2300 parts per million, and has a noticeable
hydrogen sulfide content.

The water is used for summertime

irrigation and year-round (primarily winter time) stock watering.
The well flows uncontrolled on a year-round basis.

Water

from the well is discharged into an open concrete-lined supply
canal and is transported across a large drainage channel, and
under the highway where it divides
nals.
The larger canal is referred
smaller is called the "Lower Canal".
to property owners is gravity flow.
District where water must be pumped

into two concrete lined cato as the "Upper Canal", the
Most of the water supplied
There are a few areas in the
from the canals because the

points of use are above the hydraulic gradient of the canal.
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Tailwater from the supply canals is drained from the area by
two unlined waste ditches which carry irrigation drain water and
some stormwater runoff into a slough.
A drain from the slough
runs eastward under the highway to the Big Horn River.
Recently there has been growing concern that flows from the
May tag Well are diminishing.

A recent surface collapse adjacent

to the well appears to be the result of a subsurface leak in the
well's 70 year old casing.
In addition to growing concerns over
the well, failures of the canal delivery system and other operational problems prompted the District into pursuing a feasibility
study to determine what remedial actions might be taken to improve and preserve the. system.
1.2

AUTHORIZATION

In the fall of 1988, the District applied to the Wyoming
Water Development Commission (WWDC) for assistance for rehabilitation of the irrigation system and the May tag Well.
In March,
1989, the Wyoming Legislature authorized the WWDC to conduct a
Level II Feasibility and Conceptual Design Study of the Red Lane
Rehabilitation Project.
1.3

SCOPE OF THE STUDY
The purpose of the Level II study was to identify the needed

repairs and improvements to the District facilities that will
provide for more efficient operation of the irrigation system and
to prepare conceptual designs and
mended improvements.

co~t

estimates for the recom-

The Level II Feasibility Study was originally divided into
three phases.

Phase I included a system inventory (including the

May tag Well)

to determine the repairs/improvements needed to

1 -

3

9/29/90

ensure continued, efficient operation of the system.

The product

of Phase I was a report outlining the needed repairs in order of
their relative priority, and a preliminary estimate of the costs
of the repairs.

Phase II was originally intended to include a

determination of the condition of the May tag Well followed by
actual rehabilitation of the existing well or construction of a
new well.

Phase III consisted of the preparation of conceptual

designs and cost estimates for the irrigation system improvements
selected in Phase I.
Also included in Phase III was an economic
evaluation to determine the District's ability to pay for the
selected improvements.
During the course of the study, it was decided to bypass the
Phase II portion of the study.

It was felt that there was ample

information to determine the rehabilitation/construction costs
for the May tag Well without actually expending construction
funds.

Therefore, this Level II Feasibility Study consists of

Phase I and Phase II (which was previously Phase III) as previously described.
The Phase II conceptual design includes two
alternatives for rehabilitating the system; one includes reconstructing the existing May tag Well, the other includes constructing a new well.
1.4

ORGANIZATION OF THE REPORT
This Level II study is organized into six sections.

Section

1 provides introductory and background information about the
project and scope of the study.

Section 2 provides an overview

of the existing conditions based upon the field inventbry performed in Phase I of the study.

Also included is a description

of the improvements initially selected by the District for the
conceptual design phase.

Section 3 presents the conceptual

design and cost estimates that were initially developed for both
the alternQtives, rehabilitating the well and construction of a

1 -
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new well.

Section 4

provides a preliminary

economic analysis

of the initial improvements included in the conceptual design.
The District's ability to pay and the level of assessments were
also developed for each alternative.
Section 5 includes conceptual design and cost estimates of
the final improvements selected by the District's Board of Directors.
These improvements were selected following the Board's
review of the draft report and costs. Section 6 presents a final
economic analysis of the selected improvements and addresses the
level of assessments for the selected improvements.
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Section 2
INVENTORY OF
EXISTING CONDITIONS

SECTION 2
INVENTORY OF EXISTING CONDITIONS

2.1

PURPOSE

Field investigations were performed in the summer of 1989.
The purpose of the field investigations was to inventory the
supply, delivery and drain systems and determine the
repairs/improvements needed to ensure continued, efficient operation of the system.

The inventory has been subdivided into the

respective systems and is summarized in the following
subsections. The field investigations included visual inspections, field surveying and video taping of the accessible portions of the system.
2.2

MAYTAG WELL
INITIAL FIELD INVESTIGATION

An initial field investigation of the May tag Well was undertaken on July 24, 1989.
The results of that investigation are
detailed in Appendix A. A summary is provided as follows:
Discharge Bowl.

The May tag Well discharges from a 7

inch diameter vertical well casing into the center of a 14
feet diameter hand formed rock bowl.
The rock bowl has
several cracks and holes which result in leakage from the
bowl. Water from the discharge bowl flows down a concrete
lined supply canal on the west side of the bowl. Two 2 inch
diameter and one 5 inch diameter pipes also discharge from
the bowl.
Two of these pipes serve properties located near
the well (Outland and Baines).

2 - 1
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inch diameter pipe is unknown.
May tag Well.
Flow tests were performed on the well to
determine its output. The flow rate was estimated to be 380
gpm.
Measurements of flow over the ten year period from
1972 to 1982 average 630 gpm.
It was estimated that the
decline in flow represents a 30 percent decrease.
Efforts
to probe the well casing during the field investigations led
to the discovery of several obstructions in the well casing.
These obstructions were thought to include abandoned drilling cable or possible collapsed portions of the casing.
Drainbank Discharge.
A large drain channel exists
approximately 50 feet immediately east of the well.
The
drain was constructed several years ago for the free flowing
Sacajawea Well, located south of the May tag Well. A considerable flow of water exits the western bank of the drain in
the proximity of the well.
In addition, much of the ground
surface between the well and the bank of the drain has
sunken, suggesting a subsurface connection between the
May tag Well and the Drain.
Conclusions. The following conclusions were drawn from
the July 24 and July 25, 1989 field investigations:
1.

Approximately 50 to 100 gpm of well flow is being lost
from the discharge bowl from leaking cracks and holes,
and through the 5 inch diameter "mystery pipe".

2.

The available flow from the May tag Well has declined,
on average, approximately 200 gpm (30%) over the last
decade. This appears to be a combination of a regional
decline in aquifer yield, leaks from the discharge
bowl, and leaks from the well itself.

2 - 2
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3.

The May tag Well may contain a variety of debris, including drilling cable, cable tools, and a short piece
of sucker rod.
The well is more or less open to a
depth of at least 500 feet, although obstructions of
some sort are known to occur at 8 feet and 30 feet.

4.

The observed "leak" into the drain adjacent to the
May tag Well is a combination of leakage from the bowl,
and leakage from the well itself.
The total leakage
appears to be on the order of 100 to 150 gpm, apparently representing the bulk of the decline in measured
well flow suggested by historic data.

5.

Complete rehabilitation of the May tag Well and discharge bowl may increase the available flow by as much
as 150 to 200 gpm.

6.

Options for rehabilitating the well are dependent upon
the depth of casing and presence of interfering material in the well.

ADDITIONAL FIELD INVESTIGATIONS

Following the initial field investigations, there was considerable interest expressed in rehabilitating rather than replacing the May tag Well.

Because of questions over the condition

of the well casing and possible obstructions in the well, an
additional field investigation was performed on September 12 and
13 of 1989. The purpose of the investigation was to attempt to
extract debris from the well and other obstructions (the extracting process is referred to as "fishing"), and to perform a magnetometer survey of the well to identify the depth of casing.
A
copy of the report generated from the second field investigation
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is included as Appendix B. The following conclusions were made
following the results of the second field investigation:
1.

The May tag Well is at least 620 feet deep and casing
extends to a depth of at least 227 feet.

2.

The diameter of the casing increases from approximately
6-1/4 inches I.D. to approximately 8-1/2 inches I.D. at
a depth of 118 feet.

3.

Although the well casing is physically sound at the
surface, it appears to be seriously deteriorated at
depth.
It is probably subject to severe pitting and
sca~ing by a depth of 30 feet, and it is sufficiently
deteriorated to allow sediment to pass through below
125 feet.
In the approximate range of 220 to 280 feet,
the seriously deteriorated casing has been mangled by
logging and probing efforts, and precludes free passage
down the well.

4.

The well is subject to significant buildup of sulfatereducing bacteria to a depth of at least 600 feete

5.

While poor to very poor casing conditions and bacteria
buildup significantly increase friction-caused head
loss, there is no indication of blockage of well flow.

Results of the two field investigations led to the
conclusions that the well could be either rehabilitated, or a new
well would be constructed. The option for rehabilitation included repair of the discharge bowl and inserting a PVC liner down
the casing to eliminate the leakage in the upper 100 feet of the
well casing. The other option was to construct a new well. Both
of these options are discussed in Section 3.

2 - 4

9/29/90

2.3

DELIVERY SYSTEM

The irrigation delivery system is shown in Figure 2-1.
The
system includes the main supply canal leaving the well, and the
subsequent Upper and Lower canals.
A field inventory was performed on these delivery canals in the summer of 1989. A summary
of the inventory is provided in the following subsections.
SUPPLY CANAL
The flow leaving the discharge basin flows westward through
a concrete lined canal across the Red Gulch drain, then under
State Highway 20/789. Total length of the main supply canal is
approximately 454 feet and the average slope is approximately 4
ft/lOOO ft.
A typical canal cross section is given in Figure 22.
A large transverse crack exists in the canal bottom at the
exit of the discharge bowl, and is most likely leaking at a
significant rate.

There is also some serious undermining of the

outside wall of the canal in this same area.

At the Red Gulch

Drain crossing (Station 0+74 to 1+63), the concrete canal is
transformed into a thin walled plastic pipe which is encased in a
corrugated metal pipe that spans the drain. The encased crossing
is sagging and could collapse.
The condition of the concrete in
the canal is poor, as concrete aggregate is exposed in many
places.
Once across the State Highway, the main supply canal is
constructed into a diversion structure which allows for diverting
water to the Lower Canal. This structure simply divides the flow
as there is no method for manually controlling the flow to the
Upper or Lower Canal. The main supply canal continues westward
as the Upper Canal.
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UPPER CANAL

The location of the Upper Canal is shown in Figure 2-1 and
its geometric configuration given in Figure 2-2.
The canal is
approximately 4750 feet long and the average slope of the canal
is approximately 2 ft/lOOO ft.
A profile of the canal was prepared based upon a field survey and is shown in Figure 2-3.
Overall, the Upper Canal is in fair condition.
Problems associated with the Upper Canal vary from severe mineral deposition, to
cracking and breakage, and adverse (uphill) slopes. Because of
mineral deposition, and lack of easy access, the canal suffers
from a general lack of maintenance.
There are several areas
however, that require improvements. These are briefly summarized
below.
APPROXIMATE
STATION

DESCRIPTION

0+00

Diversion structure, poor condition, poor
flow control.

0+15 to 0+50

12" diameter metal culvert under Old
Yellowstone Highway is severely corroded and
collapsing.

1+15

Longitudinal crack in sidewall of canal above
water line.

4+50 to 5+60

Canal slope is adverse, i.e. running uphill,
poor water movement.

6+30

Road crossing culvert is too small, impedes
flow, backs up water.

6+50 to 7+90

Canal slope is flat and adverse, a large
cross-sectional crack and some separation
exists, probable leakage.

7+75

Site of previous canal failure, washout.

8+00

Shrubs and trees growing out of canal bank.

10+25

Large crack and breakage in canal wall,
probable leakage.
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APPROXIMATE
STATION

DESCRIPTION

10+50 to 11+00

Adverse slope.

13+50 to 14+00

Adverse slope, canal is undermined from
overflows, is just waiting to fail and washout.

20+00 to 23+50

Flat slope, slow moving flows, highly mineralized concrete.

27+50 to 28+50

Flat and adverse slopes, has experienced
washouts in a few places.

30+50 to 30+65

Canal bottom runs uphill.

30+65

PVC culvert, with trash rack, plugs the flow,
12-inch diameter pipe which serves the northern Lower Canal does not flow well. District
must block up Upper Canal to get water by
gravity into Lower Canal, Lower Canal bottom
is 6 inches higher than Upper Canal bottom at
this junction.

35+50 to 36+20

Adverse slope.

39+00 to 40+00

Canal turns and runs uphill, canal has been
broken and repaired, highly mineralized and
is over grown with trees and vegetation.

41+00 to 41+60

Several previous canal breakages have been
repaired.
Adverse slope, other signs of
canal breakage and repair.

42+50 to 43+30

Signs of previous canal breakage and repair.

44+00 to 44+50

Canal cracking and heaving, probable leakage.

45+00 to 47+00

Adverse slope, followed by very flat slope,
several cracked areas, and poor repairs,
probable leakage.

LOWER CANAL

The location of the Lower Canal is shown in Figure 2-1 and
its geometrical configuration is shown in Figure 2-2.
The canal
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is approximately 2550 feet long. A field survey was performed, a
profile was prepared for the Lower Canal and is shown in Figure
2-4.
The southern portion of the Lower Canal (Station 0+00 to
18+30) flows northward to the Haskin Street drain.
Its slope
varies considerably over its length. The northern portion of the
Lower Canal (Station 18+24 to 25+46) flows southward to the
Haskin Street drain.
This northern portion is supplied by the
Upper Canal at their confluence at Station 25+46. However, due
to grade problems at the northern junction, water cannot flow
from the Upper Canal to the northern Lower Canal. As a remedy,
the District has laid a 12 inch PVC pipe on the bottom of the
Upper Canal, and positioned it to carry water to the northern
part of the Lower Canal.
In general, the Lower Canal is in very poor condition.
The
canal is constructed in the old Yellowstone Highway embankment at
about the same elevation as the old highway, several feet above
the adjacent properties. The canal is also very flat and is constructed uphill in many locations, which results in a buildup of
mineral deposits. The roughness caused by the mineral deposits
reduces the velocity through the canal, and at times it appears
to be just standing water.
Because of the slow velocity and
build-up of deposits, some parts of the canal overflow and flood
properties located below.
In the southern portion of the canal,
some parts of the concrete canal lining have been built-up which
helps alleviate the flooding problems in those areas.
Some of
the problems evaluated in the field investigations are listed
below by survey station.
APPROXIMATE
STATION

DESCRIPTION

0+50

Severely cracked, broken sides, obvious
overflowing problems.

1+00 to 2+00

Irregular shape, very narrow bottom, exposed
aggregate, poor condition.
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APPROXIMATE
STATION

DESCRIPTION

4+50

Sides of canal built up with bricks, canal
appears to overflow quite often.

6+50 to 8+20

Adverse, followed by flat slope, causes water
to backup and run over canal banks, heavy
mineral deposits.

7+50

Canal is irregularly shaped.

8+50 to 10+30

Adverse followed by flat slope causes water
to backup and run over, heavy mineral deposits.

10+50 to 11+50

Canal sides are raised by concrete cap, slope
is adverse to flat.

12+50 to 13+00

Irregular shape, adverse slope followed by
flat slope.

13+50 to 14+50

Irregular shape, adverse slope followed by
flat slope.

15+00 to 16+50

Adverse to flat slope, and sides are broken
off, canal in poor shape.

17+30 to 17+50

Canal section narrows down, exposed aggregate, highly mineralized.

19+50 to 21+00

Two areas of adverse followed by flat slopes,
sections of the canal are cracked and broken,
some repairs have been made.

22+50 to 24+50

Adverse slope, flat slope, heavy mineralization.

25+46

Cpnfluence of Upper and Lower Canal, the
Lower Canal is 6-inches higher than the Upper
Canal, making it difficult for water to flow
into Lower Canal.
CALVIN STREET CANAL

A concrete lined canal has been constructed along the northern right-of-way of Calvin Street to connect the Upper and Lower
Canals.

This canal is approximately 620 feet long and the aver-
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age slope is 3 ft/1000 ft.

The geometric configuration of the

canal is similar to that of the Lower Canal shown in Figure 2-2.
In general,

the canal is in fairly good condition,

because it has not been used much.

probably

The canal has not been main-

tained and is overgrown with weeds, trees and other vegetation.
Weeds are growing out of the control joints which indicates
potential leakage, should the canal be put back into use.

The

canal was built-up in an embankment, 3 to 4 feet above the surrounding area.

It crosses under the old Yellowstone Highway in a

12-inch diameter steel pipe (which has been sealed up).
The canal has not been used because its connection to the
Lower Canal is at a perpendicular angle causing the water in the
Lower Canal to overflow and flood the adjacent property.

Some of

the property owners along the Calvin Street Canal have extended
piping systems from their properties to the Upper and Lower
Canals to obtain irrigation water.
Some other properties along
the Calvin Street Canal do not currently receive water.
OTHER AREAS
Haskin Street.

There is currently no gravity

properties along Haskin Street.

supp~y

to the

Although some of the developed

properties along Haskin Street have constructed irrigation pipes
to the Upper Canal, there is no service provided by the District
along Haskin Street.
Workman Street (Sessions Lane).

As with Haskin Street,

there are properties in the District (primarily owned by Sessions) that are not provided with irrigation water. The property
owners in this area have indicated a desire to obtain irrigation
service.
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2.4

IRRIGATION DRAIN SYSTEM
The drains which serve the delivery system consist of two

primary drains both of which drain to the slough.

Field evalua-

tions were made for these two drains and the findings are summarized below.
REISENWEVER

DRAIN

The Upper Canal previously drained to the river through a
concrete lined canal which coursed eastward through property
owned by Paul Klein, under the highway and then northward through
more property owned by' Klein.

However,

this concrete lined

canal has been taken out of service and has not been used for
sometime.

It has been reported that this canal is constructed

uphill in some portions, and that the pipe crossing under the
highway is inadequately sized.

These reports have not been

verified because Klein has refused to allow access to his land to
perform any surveying or any other evaluations associated with
the study.
Because the drain across Klein's property has been abandoned, the Reisenwever Drain currently carries flows from the
Upper Canal to the slough.

The drain

begins at the last deliv-

ery point at the end of the Upper Canal (Station 47+50).
Reisenwever Drain is unlined, and is poorly maintained.

The

Current-

ly the drain runs southward across the Reisenwever property where
it ponds in several places and eventually discharges to the
slough.

These ponded areas are currently used as a waterfowl

habitat by Reisenwever.

The available slope across the Reisen-

wever property is approximately 2 ft/lOOO ft.
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HASKIN STREET DRAIN AND SLOUGH

The Haskin Street drain carries canal tailwater and stormwater runoff to the slough.
The slough has been a point of
concern for the District and Soil Conservation Service (SCS) for
many years. During the course of the investigations, mapping was
discovered which shows the slough as a river channel back in the
early 1900s.

The Red Lane area between the slough and Big Horn

River was previously called Willis Island.

Apparently, the old

Yellowstone Highway which runs through the District and makes a
90 degree turn eastward, was originally constructed around the
west side of Willis Island.

Construction of State Highway 20/789

has closed off the river channel but did not fill it in resulting
in formation of the slough.
Previous SCS reports have attempted to develop a method for
draining the slough.
However, because of its long term existence, there is concern that the slough could now be classified as
a federally protected wetlands habitat.

The previous SCS studies

have determined the water level in the slough to be virtually the
same as in the Big Horn. River.

Field surveys performed during

this study verified that determination.

The SCS recommended

running a drain from the slough under the highway and then northward along Klein's property to a point downstream on the Big Horn
River.

Currently the slough drains easterly and there is only a

IS-inch diameter concrete drain pipe running under the highway_
The drain pipe is a constant maintenance problem as it is easily
plugged with debris.
In the past, a pesky beaver continually
tried to dam up the drain pipe.

The pipe discharges into a

poorly maintained open ditch which travels eastward to the river.
The ditch is partially blocked with a wooden structure used as a
walkway crossing placed approximately 200 feet downstream of the
highway crossing.
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2.5

STORM DRAINAGE SYSTEMS

Storm drainage in the area is carried through two major
drainages.

These drainages carry stormwater run-off from the

hilly areas west of the District, through the District to the Big
Horn River east of the District.
The major southern drainage is
the Red Gulch drainage, and only affects the irrigation system
near the May tag Well, where the supply canal spans across the
gulch.
The major northern drainage is referred to in this Report as
the Northern Gulch.

This drainage has previously caused problems

for the District.

Prior to recent improvements,

stormwater

runoff flowed easterly out of the western hills, and flooded the
Upper Canal in the Haskin Street area, filling it with mud and
debris.
Recent improvements constructed by the District include
a diversion channel and detention pond constructed north of
Haskin Street in the northwest portion of the District (See
Figure 2-1).

The pond was never quite completed and the District

does not have clear title to the land on which the pond is located.
The

main

body

of

the

existing

detention

pond

is

approximately 300 feet long, 150 feet wide, and has an average
depth of approximately 5 feet.

Cross sections of the pond were

developed using field survey data.

The volume of the existing

pond is estimated to be 87,000 cubic feet, or 650,000 gallons.
Water flowing down the Northern Gulch Drainage channel is
now diverted into the detention pond by an embankment constructed
at nearly a ninety degree angle to the flow.

The embankment is

reinforced against erosion with automobile hoods and it is reported that the embankment is composed in part, of old car
bodies.
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An overflow channel has been partially constructed from the
north end of the pond.

However,

survey data indicates that

because of only partial completion of the pond, the pond embankment would be overtopped before water would enter the overflow
channel.

The channel also possesses many sections with adverse

slope conditions.

If the channel were functional,

it would

convey overflows to the drainage ditch located along the west
borrow ditch of the Old Yellowstone Highway, which drains southward to the Haskins Street Drain.
The bridge structure built of wooden timbers across the
drain at Haskin Street, is a safety hazarde
It is several feet
narrower than the asphalt roadway approaching on either side. It
has no guard rails or warning signs,

and is not lighted.

It

would not be difficult for a vehicle to drive off the edge of the
bridge and into the drain, 7 or 8 feet below.

The narrow bridge

may also be in poor physical condition although its construction
and condition were not evaluated as part of this Report.
2.6

ACCESS/EASEMENTS

The Red Lane area was originally platted as the Artois
Subdivision in 1910.

At that time there were no easements or

rights-of-way included in the plat.

Since that time, the May tag

well and irrigation system have been developed and constructed.
A cursory evaluation of easement and right-of-way records was
made by performing a records search at the County Assessors
office.

The District also provided some records,

including

easement agreements, and other documents relating to easements
and rights-of-way.

These documents have been courteously provid-

ed by Marie Baines.

There appears to be only a few recorded

easements for the canal supply system.

Of significance, ease-

ments do not exist for access to the May tag Well, the lower half
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of the Upper Canal, or the Upper Canal Drain across Reisenwever.
In addition, records show the old Yellowstone Highway as being
abandoned and deeded over to Paul Klein where it crosses through
his property.
2.7

INVENTORY RESULTS

The results of the field inventory were included in a Phase
I Inventory Report dated September 1989.

The Report included

prioritized improvements ranging from high to low priority, and
associated costs. The report was presented to the District for
review.
Following a review, and a public meeting with the Red
Lane Board and property owners, the Board issued a letter containing improvements the District was interested in pursuing.
That letter dated March 7, 1990 is contained in this Report as
Appendix C.
The conceptual design portion of the study is presented in
the next section.

Those items of interest to the District for

the conceptual design (as addressed in their letter of March 7,
1990) are presented in Section 3.
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Section 3
CONCEPTUAL DESIGN
OF NEEDED
IMPROVEMENTS

,

SECTION

3

CONCEPTUAL DESIGN OF NEEDED IMPROVEMENTS

3.1

INTRODUCTION

At the end of the Phase I portion of the Study, the District
selected needed improvements based on their prioritization and
estimated cost.
Those selected alternatives are listed in a
letter from the District Board to CEPI dated March 7, 1990 (see
Appendix C) and include the following:
o
o
o
o
o
o
o
o

Repair of the discharge bowl and supply cana1.
Repair Upper Canal
Replace Lower Canal
Repair Calvin Street Canal
Install PVC water supply pipelines at Workman and
Haskin Streets.
Construct a drain for the Upper Canal through
Lockhart's property.
Improve detention pond and drain.
Obtain easements for all properties along the canals
and drain system.

Because the original Phase II portion of the study was
deleted, (repairing or replacing the May tag Well), two alternatives were developed for the conceptual design.
Alternative No.
1 included the improvements listed above plus rehabilitation of
the well. Alternative No. 2 included the above improvements plus
replacement of the well.
This section includes conceptual design and cost estimates
for Alternatives No. 1 and No.2. The improvements included in
the conceptual design are shown in Figure 3-1.
The conceptual
design was prepared following additional field investigations and
surveys. Cost estimates were developed from conversations with
nearby contractors and from costs of recent similar projects.
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3.2

MAYTAG WELL
Two alternatives were developed for rehabilitation or repair

of the May tag Well as outlined below.
WELL REHABILITATION MEASURES
Well Casing Lining
Beyond the observation of solid casing at the surface and
the evidence of seriously deteriorated casing at depth, it is
impossible to assess the condition of the casing or the chance of
sudden failure.

The most important section of casing for well

control is that from the surface to some solid bedrock stratum,
presumably on the order of 100 feet in depth in this case.

The

potential for collapse of this, most vulnerable, section could be
eliminated, and the loss of flow to the exterior of the upper
casing could be reduced by installation of a liner through the
upper 130 feet of the well.
The well could accommodate a 5-inch I.D.
Schedule 80, flush joint, PVC casing.

(5 1/2-inch O.D.),

Set to a depth below the

change in well casing size from 6 1/4-inch to 7 1/2-inch, and
equipped with a debris catcher or cement basket, the liner could
be sealed in place by circulating cement down between the liner
and the well casing, and perhaps, up into the area of flow loss
outside the casing.

In order to install such a liner, it would

be necessary to suppress the flow of the well with a weighted mud
system.
The well would be allowed to flow freely during cementing to preclude cement entering the lower portion of the well.
Lining the upper portion of the well with a non-corrodible material (PVC) would be desirable in terms of future deterioration
problems and in

allowi~g

periodic maintenance to remove bacteria

buildup from what would become the well "bottleneck".
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term priority of this form of well rehabilitation is a function
of unknown casing condition, the structural stability of surficial deposits, and the nature and extent of out-of-casing flow.
Evaluation of the flow restriction created by installation
of a liner casing indicates that well flow might actually be
improved.

While the literature reports head loss in 6 1/2-inch

1.0. steel casing is about 1 foot per 100 feet in new pipe, it is

suggested the value be increased by a factor of 10, for pipe in
excess of 60 years old.

Direct measurement of head loss during

well probing indicated a value of approximately 9 feet per hundred feet.

In contrast, the friction loss value reported for 5-

inch 1.0. new PVC pipe is 2.5 feet per hundred feet.

Thus, it

appears unlikely that installation of a PVC liner through the
indicated section would Significantly reduce well flow.

The

estimated cost for installing a well casing liner is $12,000.
Discharge Basin Rehabilitation
A limited quantity of flow could be recovered, and diverted
from the subsurface piping channels, by rehabilitation of the
discharge basin$

This would require temporary diversion of the

well flow by installing an elbow and discharge pipe on the well
casing.

(Diversion of the discharge by direct pumping of the

well is quite difficult due to the high gas content of the
water).

Once the basin was dewatered, it could be lined with

concrete and the unnecessary existing pipes eliminated.

The

estimated cost for rehabilitating the discharge basin is $1,500.
Well Replacement
The above remedial measures would be unnecessary, and the
integrity of the groundwater supply virtually guaranteed,
complete replacement of the well.
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would allow a replacement well to be drilled at a location of
convenience.
By placing a new well north of the drain, the
present Red Gulch drain crossing could be eliminated.
The total
well depth necessary to duplicate the present flow is estimated
to be less than 800 feet and a production casing diameter of 6
inches with an open-hole completion in the aquifer would be
sufficient.
The new well would be constructed with flow control
at the wellhead and would discharge directly to a canal (rather
than a discharge bowl).
Depending upon Wyoming State Engineer
water rights decisions, it would probably be necessary to plug
the existing well following completion of a replacement well.
This could be accomplished by first suppressing the well flow
with a weighted mud system, and then filling the upper portion of
the well with cement. The estimated cost for complete replacement and plugging of the existing well is $80,000.
3.3

DELIVERY SYSTEM

Conceptual design of needed improvements to the delivery
system include repair of the supply canal, the Upper Canal, the
Lower Canal, the Calvin Street Drain and supplying water to
Workman and Haskin Street residents.
These delivery system
improvements are discussed in this subsection.
SUPPLY CANAL

Proposed improvements to the supply canal are shown in
Figure 3-1.
Under the Alternative No. 1 Scenario (repairing the
well), improvements consist of replacing a small segment of canal
adjacent to the well, installing a new conveyance structure
spanning Red Gulch, and construction of two new diversion structures with flow control capabilities.
Improvements would be
required if the existing well repair and rehabilitation alternative were implemented.
Under Alternative No. 2 (replacing the
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well) repair of the supply canal and a new Red Gulch crossing
would not be required.

However a new canal and highway crossing

would be needed if the well were constructed at a new location.

Supply Canal Replacement Under Alternative No.1
A ten feet long section of canal adjacent to the discharge
bowl should be removed and replaced with a new concrete canal
section and a diversion structure.

The new canal section would

be constructed to match the existing section.
The first diversion structure (represented as Diversion
Structure No. 1 on Figure 3-1) would be constructed to allow for
controlled wasting of water to Red Gulch, and better control of
·water traveling down the supply canal.
In addition to the diversion structure located at the well,
a second diversion structure would be required at the point where
the supply canal divides into Upper and Lower Canal.

This diver-

sion structure is represented in Figure 3-1 as Diversion Structure No.2, and would be used for flow regulation to both canals.
Conceptual design of a typical structure for both supply
canal diversion structures is shown in Figure 3-2.

The diversion

structures would be constructed of reinforced concrete with an
inlet opening and outlet flow control canal gates as needed.

The

flow control gates would be lockable and constructed of special
corrosion resistant materials.
The cost estimates for Diversion Structures No. 1 and No. 2
are shown in Table 3-1 and include removal of the existing canal
sections, preparation of subgrade, and installation of the diversion structure.
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The proposed replacement structure spanning Red Gulch would
consist of approximately ninety (90) lineal feet (LF) of 12 inch
diameter PVC pipe encased within an 18 inch diameter steel pipe.
The pipe would be coated on the outside to protect against corrosion.
The structure would be reinforced against flood induced
horizontal displacement with concrete anchor footings located at
each end.
The new structure would be constructed at the same
location as the existing gulch crossing.
The cost estimates for
removal of the existing Red Gulch crossing and replacement are
included in Table 3-1.
Supply Canal Replacement Under Alternative No.2
Under Alternative No.2, the May tag Well would be abandoned
and plugged, and a new well constructed on the north side of Red
Gulch.
By moving the well to the other side of Red Gulch,
Diversion Structure No. 1 and the Red Gulch crossing would be
eliminated.
It is expected that the new well would be installed
with a valved wellhead for complete shutdown of the flow when
necessary.
The flow from the well would exit through a pipe and
could be discharged directly into the supply canal.
Improvements to the supply canal under this alternative
would include construction of a new supply canal section from the
new well to interconnect with the existing supply canal.
This
section of canal is expected to be 30 feet in length, and will
require demolition work to remove the old supply canal. As under
Alternative No.1, Diversion Structure No. 2 would be required.
Cost estimates for this work are included in Table 3-1.
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TABLE 3-1
COST ESTIMATES FOR SUPPLY CANAL IMPROVEMENTS

DESCRIPTION

QUANTITY

TOTAL
COST

UNIT
COST

=

Alternative No. !
Supply Canal Improvements
with Well Rehabilitation
Remove and Replace Canal
Canal Diversion Structure No. 1
Red Gulch Crossing
Canal Diversion Structure No. 2

10 Ft.
1 EA.
1 EA.
1 EA.

$50
$500
2,500
2,500
L.S. 15,000
L.S. 3,800

Subtotal
Construction Contingency (15%)

$21,800
3,270

Total Construction Cost
Engineering (10%)

$25,070
2,507
$27,577

TOTAL COST

Alternative No. ~
Well Replacement

=Supply Canal Improvements with

Construct Canal Interconnection
Canal Diversion Structure No. 2

30 Ft.
1 EA.

$35
3,800

$

700
3,800

Subtotal
Construction Contingency (15%)

$4,500
675

Total Construction Cost
Engineering (10%)

$5,175
518

TOTAL COST

$5,693

UPPER CANAL IMPROVEMENTS
Proposed improvements to the Upper Canal portion of the
delivery system include the replacement of approximately 2200
feet of failing or deficient canal, installation of four diversion structures with flow control capability, and replacement of
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approximately 100 feet of road crossings.
Canal Replacement
The sections of the Upper Canal proposed for removal and
replacement are shown in Figure 3-1, and on the canal profile
shown in Figure 3-3.

Those portions of the canal requiring

replacement would be the sections that show poor structural
The new
integrity and/or adverse or flat slope conditions.
sections would improve flows and reduce the risk of overtopping.
The replacement canal cross section would be constructed to match
the existing canal sections (as shown in Figure 2-2).
The cost estimates for canal replacement are presented in
Table 3-2 and include removal and disposal of the existing canal,
subgrade preparation, and new canal construction.
Road Crossings
Improvements are proposed for both of the sections of the
Upper Canal which cross the old Yellowstone Highway (Hot Springs
County Road No.3).

The first of these two crossings shown in

Figure 3-1 and 3-3 at Station 0+20 to 0+50,

is located on a

segment of the highway which is currently not being used.

Howev-

er, according to Hot Springs County officials, the highway rightof-way has not been abandoned and the road could possibly be
utilized in the future.

Therefore, the badly deteriorated exist-

ing 12 inch diameter corrugated metal pipe (CMP) should be replaced with a 12 inch diameter PVC pipe.
The second road crossing is shown in Figures 3-1 and 3-3 at
Station 30+65 to 30+95.

The existing 12 inch diameter PVC pipe

at this crossing has a very flat slope at the upper end of the
section

which

causes the canal to back up.
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should be removed and replaced with a 12 inch diameter PVC pipe
at a constant slope of approximately 0.12 percent,

as shown in

Figure 3-3.
Diversion Structures
Diversion Structures No.3, 4, 5, and 6 are located on the
Upper Canal as shown in Figures 3-1 and 3-3.

A typical diversion

structure is shown in Figure 3-2.
Diversion Structure No.3, located at Station 14+40, would
allow flows to be diverted from the Upper Canal into the existing
Calvin Street Canal.

Structure No. 4 would allow diversion from

the Upper Canal into the proposed Coventry Circle Canal at Station 18+90.

Structure No.

5 would allow flow control at the

diversion point of the Upper Canal and Northern Lower Canal, at
Station 30+95.

Structure No.

6 would control flow at the diver-

sion of the proposed Lockhart Drain and Upper Canal, at Station
42+60.
LOWER CANAL IMPROVEMENTS
Due to the generally poor condition of the Lower Canal, it
was requested by the District that the entire canal be replaced.
Other modifications to the Lower Canal would include one diversion structure at the Workman Street Canal and erosion control
for the canal discharges at the Haskin Street drain.
Canal Replacement
Figure 3-4 presents a profile of the existing and proposed
Lower Canal invert.

The profile includes both the northern and

southern sections of the canal.
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The proposed Lower Canal cross section is a triangular
shaped section
(rather than trapezoidal) with one to one side
wall slopes and a twelve (12) inch depth and is shown in Figure
3-5. The purpose of the triangular section is to provide greater
water depth for suction hoses from pumping systems.
thickness is 4 inches.

Concrete

The southern portion of the canal would

be constructed on a constant slope of approximately 1.14 percent
from Station 0+00 to 4+50 and approximately 0.20 percent from
Station 4+50 to the end of the canal,

at Station 18+20.

The

northern portion of the canal would be constructed at a constant
slope of approximately 0.50 percent.
The Lower Canal would be configured to accept flow from the
proposed Calvin Street Canal at Station 12+20.
This would be
accomplished by constructing a

junction box structure to accom-

modate the convergence of the Calvin Street Canal at a forty-five
degree angle to the Lower Canal.

This along with better flow

control from the Upper Canal into the Calvin Street Canal should
allow the flow from the two canals to combine without overflowing
the Lower Canal.
Further description of the structure is included later in this chapter in the discussion of the Calvin
Street Canal improvements.
Driveway Crossings
The Lower Canal crosses driveways that provide access to the
residences located along the east side of Hot Springs County Road
No.3.

In addition, the canal crosses Willis Street at Station

5+03 as shown in Figures 3-1 and 3-4.

These canal crossings

would be replaced with 12 inch diameter PVC pipe supported on
each side of the crossing with a small headwall which would also
serve as a transition structure between the canal and the pipe.
The'PVC pipe should be a thick walled pipe capable of withstanding the traffic loads with a minimum soil cover.
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Diversion Structures

The

proposed diversion structure included with the Lower

Canal improvements (Diversion Structure No.7)

would be located

at Station 9+80 and would allow the control of flows entering the
This strucproposed Workman Street Canal from the Lower Canal.
ture would be similar to the diversion structure shown previously
in Figure 3-2.
Canal Outfall Protection

In order to prevent erosion at the outfall of both the
northern and southern discharges of the Lower Canal into the
Haskin Street Drain, the bank of the Haskin Street Drain should
be protected with rip rap.

It is estimated that 12 square yards

of rip rap would be required for each outfall.
CALVIN STREET CANAL

Proposed improvements to the existing Calvin Street Canal
consist of removing
canal,

soil, vegetation and other debris from the

sealing the control joints and any cracks,

providing

erosion control for the embankment adjacent to the canal, and
realigning the confluence of the canal with that of the Lower
Canal.
Canal Rehabilitation

The Calvin Street Canal has not been used by the District
for many years.

The canal has since collected a significant

amount of dirt and debris,
condition.

but appears to be in satisfactory

It is recommended that all debris be removed from the

canal and all cracks larger than 1/8 inch be sealed to reduce
leakage.

Vegetation should be removed from inside the canal and
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along the canal banks.
Discharge Reconfiguration
The Calvin Street Canal crosses the old Yellowstone Highway
(Hot Springs County Road No.3), immediately adjacent to it's
discharge into the Lower Canal,

as shown in Figure 2-1.

The

crossing consists of a 12 inch corrugated metal pipe (CMP) which
appears to be in satisfactory condition.

The perpendicular

entrance of flow from the Calvin Street Canal into the Lower
Canal is reported to have caused overflow of the Lower Canal in
the vicinity of the junction.
Improvement of the canals confluence with the Lower Canal
could be accomplished by removing approximately ten
existing CMP and installing a forty-five
section of 12 inch PVC pipe.

feet of the

degree bend and a new

The PVC pipe would be connected to

the junction configuration on the Lower Canal as shown in Figure
3-6.
Embankment Stabilization
The Calvin Street Canal is situated, as shown in Figure 3-1,
along the northern edge of Calvin Street.

The canal bottom is

elevated approximately 2 to 3 feet above the elevation of the
roadway_

The embankment in which the canal is located, appears

to have eroded significantly since it's construction, resulting
in deposition of silt and mud on the adjacent roadway.

This

situation requires continual road maintenance and is reported to
result in

difficult driving conditions when it gets wet.

Improvements to the existing embankment would include reshaping and installing erosion protection.
be

The embankment would

reshaped to slope at a ratio of one vertical to two
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tal.
Erosion protection would be provided by installing an
appropriate geotextile product, which would provide initial
protection, and seeding with native grass seed (drought resistant) to provide long term erosion control.
COVENTRY CIRCLE CANAL

A new canal is proposed to serve residents living on the
north side of Coventry Circle and

the south side of Haskin

Street.
The proposed canal alignment, shown in Figure 3-1, would
begin at Diversion Structure No. 4 and would extend eastward
along the back property lines for approximately 535 feet to the
old Yellowstone Highway right-of-way. A large tree exists within
the proposed alignment approximately 150 feet east of the Upper
Canal. With some cooperation from the property owners, the canal
can be aligned to avoid seriously damaging the tree.

The canal

would then be aligned within the County roadway right-of-way and
extend northward for approximately 120 feet.
The canal would be
converted to a 12 inch diameter buried PVC pipe and cross beneath
Haskin Street,

and discharge into the Haskin Street Drain.

Th~

banks of the drain should be protected against erosion by installing rip rap.
The proposed canal cross section for the Coventry Circle
Canal is triangular shaped, and similar to the proposed Lower
Canal.
PVC pipe was evaluated as a substitute for an open concrete lined canal.
However, because of the problems associated
with access for cleaning a buried pipe and the potential for
mineralized plugging of the valves needed to control the flows,
PVC pipe was not considered suitable for use.
Based on survey
data and field observations, it is proposed that the carial be
placed at a constant slope of approximately 0.38 percent.
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WORKMAN STREET CANAL

The proposed Workman Street Canal is shown in Figure 3-1 and
would serve water users located along the east side of Workman
Street (Sessions Lane).
The alignment of the canal, would begin at Diversion Structure No. 7 on the Lower Canal and extend easterly along the
adjacent property line approximately 600 feet to the west edge of
the Workman Street right-of-way.
The canal water would then be
piped beneath Workman Street in a 12 inch diameter PVC pipe. The
canal would then continue northward along the east edge of the
Workman Street right-of-way for approximately 800 feet where it
would discharge to the Haskin Street Drain.
The bank of the
drain at the discharge should be protected with rip rap.
The proposed canal cross section is triangular shaped, and is
similar to proposed Lower Canal section.
Again, PVC pipe was
evaluated as a substitute for an open concrete lined canal.
However,

because of the problems associated with access for

cleaning a buried pipe and the potential for mineralized plugging
of the valves needed to control the flows, PVC pipe was not
considered suitable for use.
observations,

Based on survey data and field

the canal can be placed at a constant slope of

approximately 0.55 and 0.10 percent for the east-west and northsouth flowing segments, respectively.
COST ESTIMATES

Cost estimates for the improvements selected for the delivery system are presented in Table 3-2.

Land acquisition costs

for the new canals are included in the cost estimates.
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TABLE 3-2
DELIVERY CANAL COST ESTIMATES

QUANTITY

DESCRIPTION

UNIT
COST

TOTAL
COST

Upper Canal
Removal and Replacement of Upper
Canal Sections
Road Crossings
Diversion Structure

2240 Ft.
60 Ft.
4 EA.

$15
25
2,500

Subtotal

$33,600
1,500
10,000
$45,100

Lower Canal
Removal and Replacement of Lower
Canal
Road and driveway crossings
Diversion Structure
Rip Rap

1950 Ft.
15
600 Ft.
25
1 EA.
2,500
24 s.y.
25

Subtotal

$29,250
15,000
2,500
600
$47,350

Calvin Street Canal
Remove vegetation, seal cracks
Embankment stabilization
Discharge Structure

L.S.
L.S.
400 S.Y.
10
1 EA.
3,000

Subtotal

$2,000
4,000
3,000
$9,000

Coventry Circle Canal
Construct new canal
Road crossing
Rip Rap
Land Acquisition

660
30
12
0.3

Subtotal

Ft.
10
Ft.
25
S.Y.
25
Acre 1,500

$ 6,600
750
300
450
$8,100
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TABLE 3-2, COST ESTIMATES (cant.)
UNIT
COST

QUANTITY

DESCRIPTION

TOTAL
COST

workman Street Canal

1,470
30
12
0.3

Construct new canal
Road crossing
Rip Rap
Land Acquisition

Ft.
Ft.

10
25
S.Y.
25
Acre 1,500

Subtotal

$16,200

Subtotal Delivery System Costs
Construction Contingency (15%)

$125,750
18,863

Total Construction Cost
Engineering (10%)

$144,613
14,460

TOTAL COST
3.4

$14,700
750
300
450

$159,074

DRAIN IMPROVEMENTS

Currently the Upper Canal is drained to the slough via the
Reisenwever drain. However, the District has no easement for the
Reisenwever drain and the property owner has not been interested
in granting an easement.
The District has obtained a 20 feet
wide easement across Lockhart property, and a 10 feet wide easement on the adjoining Sheridan property.

A drain could be con-

structed across these properties within the 30 feet wide easement. For the purpose of this study, the drain is referred to as
the Lockhart drain.
The proposed Lockhart Drain would redirect surplus irrigation flows into the existing slough, as shown in Figure 3-1. The
alignment of the proposed drain would begin at Diversion Structure No. 6 and extend southward along the
for approximately 1000 feet,

Lockhart property line

then eastward along the southern

property line approximately 330 feet, where. it would discharge
into the slough.

The ninety degree direction change would be
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achieved by constructing two forty-five degree curves in the
canal placed approximately ten feet apart.

The proposed canal

cross section would be shaped similar to the Upper Canal section
as shown in Figure 2-2.
tions,

Based on survey data and field observa-

i t is proposed that the channel be placed at a constant

slope of approximately 0.24 percent throughout the 1000 feet
north-south segment and approximately 0.52 percent throughout the
330 feet east-west segment.
Cost estimates for the proposed Lockhart Drain are shown in
Table 3-3.

TABLE 3-3
COST ESTIMATES - DRAIN IMPROVEMENTS, LOCKHART DRAIN

DESCRIPTION

QUANTITY

Drain excavation and construction
Rip Rap

15
25

TOTAL
COST
$19,950
375

Subtotal
Construction Contingency (15%)

$20,325
3,049

Total Construction Cost
Engineering (10%)

$23,374
2,337

TOTAL COST

3.5

1,330 Ft.
15 S.Y.

UNIT
COST

$25,711

STORMWATER DRAINAGE SYSTEM
The channel diversion embankment and detention pond that

intercepts stormwater flow from the Northern Gulch Drainage are
shown in Figure 3-1.

The pond was constructed by members of the

District to prevent stormwater drainage from entering the Upper
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Prior to construction of the pond, the Upper Canal was
Canal.
flooded on numerous occasions, resulting in the deposition of
silt and debris in the channel.

The channel diversion embankment

and detention pond now serve to protect the Upper Canal from
being flooded by runoff from the Northern Gulch.

The concern

with the pond is whether or not it has the capacity to hold the
stormwater runoff volumes generated by large rainfall events.
The concern with the drainage channel diversion embankment is its
stability.
DETENTION POND ENLARGEMENT

A hydraulic/hydrologic analysis was performed to determine
the stormwater volumes generated by the 10, 25 and 100 year storm
events.

The Soil Conservation Service (SCS) TR-55 Method was

used for the hydrological analysis.

The results of the analysis

were used to check the sizing and capacity of the pond and the
discharge channel leaving the pond.
Based upon the results of the hydrologic/hydraulic analysis,
it was determined that the top of the detention pond's embankment
be leveled, and increased in height by approximately three feet.
This would allow release into the existing overflow channel
(rather than over low spots in the embankment) and would increase
the existing capacity of the pond considerably.

The enlarged

pond should contain the 100 year frequency storm.
Increasing the pond's volume by this amount would result in
an initial surplus of capacity with regard to run-off generated
by the 10, 25, and 100 year storm events.
However, siltation
can be expected to gradually reduce the pond's volume.
The
hydraulic analysis indicated the enlarged pond would contain the
100 year frequency stormwater volumes without discharging.

The

existing overflow ditch from the pond to old Yellowstone Highway
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should be graded and maintained to carry any overflows which
could occur from the pond. The existing pond outlet would require
erosion control in the form of rip rap.
These proposed improvements were developed with only a
cursory soils evaluation.

Final design of the pond enlargement

and erosion control should be based upon a formal geotechnical
evaluation.
DIVERSION CHANNEL REHABILITATION
The methods used to construct the diversion channel
embankment and to protect the embankment against erosion were
unconventional.

A complete geotechnical evaluation should be

performed on the embankment to determine the adequacy and stability of the embankment.

For the purpose of this study, and as a

minimum, erosion control on the face of the embankment should be
provided in the form of rip rap.
COST ESTIMATES
The cost estimates for improvements to the stormwater detention pond and the diversion channel embankment are presented in
Table 3-4.
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TABLE 3-4
COST ESTIMATES - STORMWATER DRAINAGE IMPROVEMENTS
DESCRIPTION

1,500
100
1,400
3.5

Increase pond embankment
Erosion control, rip rap
Grade Overflow Ditch
Land Acquisition

3.6

UNIT
COST

QUANTITY

C. y.
5
S.Y.
25
Ft.
2
Acres 1000

TOTAL
COST
$7,500
2,500
2,800
3,500

Subtotal
Construction Contingency (15%)

$16,300
2,445

Total Construction Cost
Engineering (10%)
TOTAL COST

$18,745
1,875
$20,620

EASEMENTS
BACKGROUND
Since the Artois Subdivision was platted before the Red Lane

Watershed Improvement District was formed,

there were no ease-

ments provided for the location of the canals and drains.
As part of the field inventory,

a cursory evaluation of

easement and right-of-way records was made by performing a
records search at the County Assessor's office.

The District

also provided their records, including easement agreements, and
other documents relating to easements and rights-of-way.

There

appears to be only a few recorded easements for the canal supply
system.

Of significance, easements do not exist for access to

the May tag Well or the lower half of the Upper Canal.
PROCEDURES AND NEGOTIATIONS
It is estimated that there are at least 10 properties
through which the existing Upper Canal and the drains are
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constructed, which the District does not have a legal easement
for, or access to.
The Lower Canal is located entirely within
the road right-of-way of the Old Yellowstone Highway, so there
are no easements required for it.
Also, it is estimated that
easements would be required through an additional six (6) properties for the canals included in the proposed improvements.
In
order to verify the number of easements required and current
ownership status, a title search should be done by a title
company for all properties where easements have not been found
and where new canal alignments are proposed.
Figure 3-7 was
developed from the easement records that were received, to indicate the areas where easements are needed.
The existing easements on record for the canal are described as being sixteen (16)
feet wide.
It is recommended that any easements obtained in the
future for existing or proposed sections of the system be twenty
(20) feet in width.
This will allow adequate room for access to
the canal for cleaning and maintenance.
In order to obtain easements, a survey of the canal or drain
ditch will be necessary and a legal description of the property
to be obtained must be written.

An attorney must then draw up an

easement agreement which includes the legal description and any
conditions of the acquisition.

The landowner and District then

sign the easement agreement.
The agreement and description must
be recorded in the County Assessor's office in order to become a
part of the official record.
ACQUISITION COSTS

The following easement acquisition cost estimates are based
on CEPI's past experience.
The estimates assume nominal amounts
will be paid to property owners for the easements. The cost of
the land needed for the new canals and sedimentation pond were
included previously in their respective sections.
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1.

2.
3.
4.
5.

Title Search
Surveying and legal descriptions
Easement agreements (10), some negotiations
Recording fees (10)
Cost of the Land (4200 L.F./$1)

$2,500
4,500
2,000
250
4,200
$13,450

Total

Included in these acquisition costs is $850 for an easement
for the Reisenwever Drain.

Since a small amount of tailwater

will still be discharged to this drain,

the District should

obtain an easement for it.
3.7

ALTERNATIVE COSTS
The costs for the two alternatives were totaled and are

summarized below for evaluation in Section 4.

The costs of the

improvements shown in Table 3-5 were taken from Tables 3-1
through 3-4.
TABLE 3-5
COST ESTIMATES - SUMMARY OF ALTERNATIVES
DESCRIPTION OF
IMPROVEMENTS

ALTERNATIVE NO. 1
ALTERNATIVE NO. 2
(Well Rehabilitation) (Well Replacement)

=====================================================================

Well Rehabilitation/Reconstruction

$13,500

$80,000

27,577

5,693

159,074

159,074

Drain System

25,711

25,711

Storm Drainage System

20,620

20,620

Easement Acquisition

13,450

13,450

$259,932

$304,548

Supply Canal
Delivery System

Total
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Section 4
ECONOMIC ANALYSIS
OF NEEDED
IMPROVEMENTS

SECTION 4
ECONOMIC ANALYSIS OF NEEDED IMPROVEMENTS

4.1

GENERAL

This section presents a review of the ability to pay for
well rehabilitation and canal improvements by the District, and a
discussion of financing for the Alternatives. Also included in
this section is an estimate of annual assessments needed to fund
the proposed improvements.
4.2

ABILITY TO PAY

"Ability-to-pay" is a broad concept, often having different
meanings.

In this report, ability to pay refers to the financial

burden that can reasonably be assumed by the District to pay for
the improvements.
In this context, reasonableness was assessed
by examining sources of additional revenue available to the
District, and then assessing the burden these new revenue sources
would place upon the District's members.
One reasonable measure of ability to pay for the District is
the amount of additional farm income that could be generated from
additional water made available through canal improvements.

In

many irrigation districts, additional water availability can be
equated with both increased crop yields and income.
However,
even though a water savings will be realized through a more
efficient system, the improvements for the District are not
expected to result in an increase in crop yield or income to the
property owners, because crops are not harvested in the area for
commercial use.
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Another reasonable measure of the ability to pay is the
amount of cost savings the District would experience if the
improvements lowered operations and maintenance costs.

Currently

the District collects approximately $1,300 per year for operation
and maintenance, which is reported to be inadequate.

The mainte-

nance includes canal cleaning, canal scraping to remove mineral
deposits,

some drain cleaning and responding to calls when the

canals overflow.

The new improvements are expected to reduce the

O&M costs somewhat, because flows will be capable of being regulated and fewer call-outs will be required.

The resulting cost

savings may approach $500 annually, but canal cleaning and scraping will continue to head the O&M list of cost consuming responsibilities.
Further evaluation did not discover any significant revenue
generation
improvements.

or

benefits

as

a

result

of

constructing

the

However, the loss of the well, or portions of the

canal which are structurally unsound would be catastrophic to the
irrigation system.

Most of the irrigated lands could not be

served, and in the winter, stock watering benefits would be lost.
It is therefore difficult to place a dollar value on the benefits
the District would receive by constructing the improvements,
other than minimal O&M cost savings.
4.3

PROJECT FINANCING

Traditional WWDC grant funding is available for two categories of the projects.

Grants for rehabilitation of existing

projects are available at a level of 50 percent of the project
cost.

Grants for new projects are available at a level of 67

percent of the project cost.

Costs not covered by grant funds

are usually provided by the WWDC through low interest, long term
loans.
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Under this categorization criteria, it appears that the well
rehabilitation and rehabilitation for the supply canal and Upper
and Lower Canals would be eligible for 50 percent grants.
Similarly new construction of portions of the project such as constructing a new well, and constructing new canals on Workman and
the Coventry Circle area would be eligible for 67 percent grant
funding.
Based on these assumptions, a financing summary was
developed for the two Alternatives to categorize respective
costs. The financing summary is presented in Table 4-1.

TABLE 4-1
CATEGORIZATION OF PROJECT COSTS FOR PROPOSED IMPROVEMENTS
ALTERNATIVE NO. 1

ALTERNATIVE NO. 2

New Construction

New Construction

1.
2.

Delivery Improv.
Drain Const.

Subtotal

$32,773
25,711

1.
2.
3.
4.

$58,484

Subtotal

Rehabilitation
1.
2.
3.
4.
5.

Well Rehab.
Supply Canal
Delivery Canal
Storm Drainage
Easements
Subtotal

May tag Well
$80,000
Supply Canal
5,693
Delivery Improv. 32,773
Drain Const.
25,711
$144,177

Rehabilitation
$13,500
27,577
126,301
20,620
13,450

1. Delivery System $126,301
2. Storm Drainage
20,620
3. Easements
13,450

$201,448

Subtotal

$160,371

From Table 4-1, Alternative No.1 contains $58,484 in new
construction and $201,448 in rehabilitation costs. Alternative
No.2 contains $144,177 in new construction and $160,371 in
rehabilitation costs.
Table 4-2 provides a summarized breakdown
of these costs and corresponding grant availability for each
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Alternative, recognizing that the grant funding level for rehabilitation is 50 percent, and new construction is 67 percent.
TABLE 4-2
WWDC FUNDING AVAILABILITY FOR PROJECT IMPROVEMENTS
ALTERNATIVE NO. 1
New Construction
Rehabilitation

GRANT

LOAN

$39,184
100,724

$19,300
100,724

$139,908

Total

$120,024

ALTERNATIVE NO. 2
New Construction
Rehabilitation
Total
4.4

$96,599
80,186

$47,578
80,185

$176,785

$127,763

ASSESSMENT INCREASES
In order to construct the improvements the District would

most likely borrow money from the WWDC to cover those costs of
the project which are not covered by grants.

The loan to the

District would be repaid through collection of increased
assessments.

An evaluation was made to determine the level of

assessments required to recover the loan costs from the irrigators.

The current assessment in the District for irrigation

water usage is $17.50 per year for a property with up to 2.4
acres.

An assessment of $6.68 per acre per .year is added for

every acre above the 2.4 acre minimum.
Table 4-3 presents a summary of repayment costs for the WWDC
loan,

and

a

alternatives.

per

acre

assessment

cost

for

each

of

the

For this evaluation, the terms of the WWDC loan

were assumed to be 50 years at 4 percent interest.
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assumed that there are 200 acres currently being assessed in the
District.

TABLE 4-3
LOAN REPAYMENT SCHEDULE AND ASSESSMENT COST ESTIMATES
Loan
Amount

Loan Repayment
Cost (Annual)

Annual Per
Required
Acre Assess- Base
ment
Assessment

Alternative No. 1

$120,024

$5,478

$27.39

$65.74

Alternative No. 2

127,763

5,831

29.16

69.98

Table 4-3 indicates the annual per acre assessment to repay
the loan would range from $27.39 to $29.16 per acre.
If the
District continues the current base assessment for properties up
to 2.4 acres in size, the base assessment would need to be increased to $65.74 for Alternative No.1 and $69.98 for Alternative No. 2 for all parcels up to 2.4 acres in size.

Each acre

over the 2.4 acre base would be assessed at $27.39 or $29.16 for
Alternative No. 1 and No. 2 respectively.

It should be noted

that the District's assessments only increase by $1.77 per acre
per year by constructing a new well rather than rehabilitating
the existing well.
As seen from Table 4-3, the assessments would need to be
increased dramatically over the current assessment rates.

The

assessment increase is almost a 4 fold increase over the current
assessment.

However, considering the water is used year-round,

and provides benefits other than irrigation, such as year-round
stock water and some supplemental home heating, the increase may
not be out of line in relation to the benefits received.

It is

doubtful that winter time stock watering could be provided at an
equivalent

cost.
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It will be up to the users .of the system to determine whether the benefits they derive from the geothermal irrigation system
are worth the level of assessments needed to fund the needed
project improvements.
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Section 5

SELECTED
IMPROVEMENTS

SECTION 5
SELECTED IMPROVEMENTS
5.1

GENERAL
Section 4 identified the costs and associated assessments

for Alternatives No.1 and No.2.
review of the Phase II Report,

Following the District Board's
the Board chose to attempt to

reduce the scope of the improvements to bring the costs and
assessments to a more affordable level.
This section identifies
and presents conceptual designs for the improvements that were
selected by the Board.

The Board's letter dated August 6, 1990

is included in Appendix C.
5.2

CONCEPTUAL DESIGN OF SELECTED IMPROVEMENTS
The selected improvements identified in the Board's August

6, 1990 letter are summarized below and discussed in greater
detail hereinafter.
These improvements are also shown in Figure
5-1.
1.

Install a PVC liner in the existing May tag Well and
improve the well's discharge basin.

2.

Replace the Lower Canal.

3.

Supply

canals

proposed

in

Section

3

should

be

constructed as buried PVC pipelines with valves to
control the flow.
4.

Construct four (rather than seven) diversion structures.

The diversion structures should be constructed

as an open box type structure with slip boards rather
than sluice gate valves.
5.

Construct the Lockhart drain.

6.

Obtain easements for the canal and other system appurtenances.
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In the spirit of the study purpose, two additional items
were added to the listed improvements.

There are some areas in

the irrigation system which by their nature and risk of impending
failure should be improved.
Gulch crossing,
Canals.

These areas of concern are the Red

and several segments of the Supply and Upper

These areas could fail at any time and the cost of

repair or replacement would place a financial hardship on the
District.
WELL REHABILITATION MEASURES
Well Casing Lining
A PVC casing liner would be installed to a depth of
about 130 feet as discussed in Section 3.2.

The estimated

cost is $12,000.
Discharge Basin Rehabilitation
The well's discharge basin would be lined with concrete
and unnecessary existing pipes would be plugged and abandoned as discussed in Section 3.2.

The estimated cost is

$1,500.
LOWER CANAL REPLACEMENT
Three options for replacing the Lower Canal were evaluated.
The first option was developed in an attempt to satisfy the
Board's desire to extend the Lower Canal through the Haskin
Street Drain, to carryall flows northward to the Lower Canal's
junction with the Upper Canal.
junction

Both the beginning and northern

elevations on the Lower Canal are set by the

5 - 3
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of the Upper Canal. A quick review of Figure 3-4 indicates a
straight grade set from Station 0+00 to 25+46 on the Lower Canal
would result in the need for the canal to be constructed six to
eight feet higher than the bottom elevation of the existing
canal. A straight grade from south to north is not practical.
The second option provided a more feasible approach and
consisted of extending the canal straight through from Station
5+00 to 25+46.
This alignment would result in the Canal being
constructed one to two feet above the bottom elevation of the
existing canal and a flat sloped canal, similar to the existing
canal.
Such a flat sloped canal would be difficult to construct
and would result in slow moving flows, and increased mineral
deposition. Both of the options would require the driveways into
the properties to be raised at a considerable expense.
They
would both result in a significant change in the Calvin Street
Canal junction and additional costs.
The third option was simply to replace the Lower Canal in
its current vertical alignment.
Under this option, the grades
would be the same as those proposed in Figure 3-4. This option
was presumed to be the most acceptable to the property owners
along the east side of the Old Yellowstone Highway, and would
also allow the Calvin Street Canal to be connected in the future
without major expense. The cost of replacing the Lower Canal is
shown in Table 5-1.
It should be noted that Diversion Structure
No. 7 has been eliminated as discussed later herein.
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TABLE 5-1
COST ESTIMATES - LOWER CANAL REPLACEMENT
DESCRIPTION

QUANTITY

UNIT
COST

TOTAL
COST

Removal and Replacement of
Lower Canal
Road and Driveway Crossings
Rip Rap

1950 Ft.
600 Ft.
24 SY

$15
25
25

$29,250
15,000
600

Subtotal Construction Cost
Construction Contingency
(15%)

$44,850

Total Construction Cost
Engineering (10%)
TOTAL COST

$51,578
5,158
$56,736

6,728

PVC SUPPLY CANALS
New supply canals were proposed in Section 3 and include the
Coventry Circle Canal,

and the Workman Street Canal.

These

canals were originally proposed to be open, concrete lined canals
in Section 3.

However, these canals could also be constructed as

two buried PVC pipelines, and the flow controlled by gate valves
rather than diversion structures.

These pipelines would require

a connection section or structure to allow for a pipe connection
to be made on the concrete lined canal.

A conceptual design for

a possible connection structure for a pipe connection is shown in
Figure 5-2.

The connection for the Coventry Circle pipeline

would require a small segment of the Upper Canal to be removed
and replaced.

The Workman Street connection would be incorporat-

ed as the Lower Canal is reconstructed.
The pipelines would be run on grade whenever possible, and
at a depth of 18 to 24 inches.

A shutoff valve would be located

at the connection structure and at the end of the pipeline.
valve on the end of the pipeline would be maintained in a
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position (except during flushing) to provide a full flowing pipe.
The valves must be protected with a coating resistant to encrustation caused by the mineralized water.

A flushing structure

would be required at the discharge point to the Haskin Street
Drain, and erosion protection placed on the bank.

Connections

for pump suction piping on the pipelines would be made with a
corporation stop.

The estimated costs for these pipelines are

given in Table 5-2.

The cost of the pipelines, valves and con-

nections for suction hoses is slightly more than the cost for an
open concrete lined supply canal.
TABLE 5-2
COST ESTIMATES - PVC SUPPLY PIPELINES
DESCRIPTION

QUANTITY

UNIT
COST

TOTAL
COST

Coventry Circle

4 inch diameter pipeline
Road crossing
Pipe/Canal connection section
Coated valves with boxes
Flushing structure with rip rap
Connections for suction hoses

660 Ft.
30 Ft.
1 EA.
2 EA.
Lump Sum
3 EA.

$8
25
1,000
750
700
250

$5,280
750
1,000
1,500
700
750
$9,980

Subtotal Construction Cost
Workman Street Canal

4 inch diameter pipeline
1,470 Ft.
$8
Road crossing
30 Ft.
25
Pipe/Canal connection section
1 EA.
350
Coated valves with boxes
2 EA.
750
Flushing structure with rip rap
Lump Sum
700
Connections for suction hoses
5 EA.
250
Land acquisition
0.3 ACRE 1,500
Subtotal Construction Cost

$11,760
750
350
1,500
700
1,250
450
$16,760

Total Supply Pipeline Costs
Construction Contingency (15%)

$26,740
4,011

Total Construction Cost
Engineering (10%)

$30,751
3,075

TOTAL COST
5 - 7
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DIVERSION STRUCTURES

Based on the Board's decision to construct the supply canals
as PVC pipelines, the need for Diversion Structures No. 4 on the
Upper Canal, and No. 7 on the Lower Canal was eliminated.
The
proposed connection section would replace the diversion structures at a cost savings. These savings have been included in the
preceding cost estimates shown in Table 5-1 for the Lower Canal
replacement and in Table 5-3 for Upper Canal rehabilitation.
In addition, the structures have been scaled down and the
sluice gates replaced with slide boards as shown in Figure 5-3.
Diversion structure cost estimates have been reduced from $2,500
each to $1,250.
Diversion structures would be located at the
May tag Well, the diversion of the Upper and Lower Canals, at the
diversion of the Upper and Northern Lower Canal, and at the end
of the Upper Canal. These structures are shown in Figure 5-1.
LOCKHART DRAIN

The Lockhart Drain would be a concrete lined drainage canal
as described in Section 3.4 previously.
the Lockhart Drain is $25,711.

The estimated cost of

EASEMENTS

Easement procedures and acquisition costs were previously
discussed in Section 3.6.
The estimated easement acquisition
costs are $13,450.
SUPPLY CANAL

Portions of the supply canal which are in need of immediate
repair include the section adjacent to the well discharge basin
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and the Red Gulch crossing as discussed in Section 3.3.

The

estimated costs for these improvements were shown in Table 3-1.
The scaled down diversion structures would reduce the total cost
from $27,577 to $21,463.
UPPER CANAL REHABILITATION
Improvements in some sections of the Upper Canal are recommended for inclusion in the total project.

These improvements

will reduce -the likelihood of canal failure in the near future
and improve the most serious flow problems and leakage areas.
Those sections recommended for replacement are listed by station
as follows (see Section 2.3 also);
Station 0+00 to 2+00
Station 6+50 to 7+90
Station 10+20 to 10+30
Station 13+50 to 14+00
Station 30+50 to 40+00
Diversion structures would be needed only at the northern
junction with the Lower Canal and the Lockhart Drain.

The cost

estimates for rehabilitating the Upper Canal are given in Table
5-3.
TABLE 5-3
COST ESTIMATES - UPPER CANAL REHABILITATION
DESCRIPTION

QUANTITY

Remove and Replace Selected
Upper Canal Sections
Diversion Structure

450 Ft.
2 EA.

UNIT
COST
$ 15
1,250

Subtotal Construction Cost
Construction Contingency (15%)
Total Construction Cost
Engineering (10%)
TOTAL COST
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SELECTED IMPROVEMENT COSTS

The cost estimates for the selected alternatives were
totaled and are summarized in Table 5-4.
The total estimated
cost for the selected improvements is $176,388.

TABLE 5-4
COST ESTIMATES - SUMMARY OF IMPROVEMENTS
DESCRIPTION

ESTIMATED COST

Well Rehabilitation
Lower Canal Replacement
PVC Supply Canal Pipelines
Lockhart Drain
Easements
Supply Canal
Upper Canal Rehabilitation

$13,500
56,736
33,826
25,711
13,450
21,463
11,702

TOTAL

$176,388
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SECTION 6
ECONOMIC ANALYSIS OF SELECTED IMPROVEMENTS

6.1

GENERAL

This section presents a discussion of the financing plan
available to the District and provides an estimate of the annual
assessments needed to fund the selected improvements.

Ability to

pay for the improvements was presented previously in Section 4.2
6.2

PROJECT FINANCING

Grants for well and canal rehabilitation are available to
the District at a level of 50 percent of the project cost.

WWDC

grants for the new improvements are available to the District at
a level of 67 percent of the project cost.

Costs not covered by

WWDC grant funds were assumed to be provided by a loan from the
WWDC. Categorization of the improvements and estimated costs are
given in Table 6-1.
TABLE 6-1
CATEGORIZATION OF IMPROVEMENTS AND COSTS
CATEGORIZATION

ESTIMATED COST

New Construction:
PVC Canal Pipelines
Lockhart Drain

$33,826
25,711

Total

$59,537

Rehabilitation:
Well and Discharge Basin
Lower Canal Replacement
Easements
Supply Canal
Upper Canal
Total

$13,500
56,736
13,450
21,463
11,702
$116,851
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Table 6-2 provides a summarized breakdown of the categorized
improvement costs and corresponding grant availability for the
improvements.

TABLE 6-2
WWDC FUNDING AVAILABILITY FOR SELECTED IMPROVEMENTS
CATEGORY

TOTAL COST

GRANT

LOAN

New Construction

$59,537

$39,890

$19,647

Rehabilitation

116,851

58,425

58,426

$98,315

$78,073

Total
6.3

ASSESSMENTS

discussion of the District's current assessment methods
and amounts was presented previously in Section 4.4.
Based upon
A

the District's request to scale back the project costs, an evaluation was made to determine the level of assessments required to
cover the loan costs for the selected improvements.
Table 6-3 presents a summary of repayment costs for the WWDC
loan of $78,073, and a per acre assessment cost for the selected
improvements.
For the evaluation, the terms of the WWDC loan
were assumed to be 50 years at 4 percent interest.

It was also

assumed that there are 200 acres currently being assessed in the
District.
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TABLE 6-3
LOAN FOR REPAYMENT SCHEDULE AND ASSESSMENT COST ESTIMATES
FOR THE SELECTED IMPROVEMENTS

LOAN AMOUNT

ANNUAL LOAN
REPAYMENT COST

$78,073

$3,563

ANNUAL PER
ACRE ASSESSMENT
$17.81

REQUIRED BASE
ASSESSMENT (2.4 Ac)
$42.76

In comparison to the assessments given in Section 4.4,
assessments needed for the selected improvements are estimated to
be approximately $17.81 per acre.

The base amount for properties

up to 2.4 acres in size would need to be increased from the
current level of $17.50 to $42.76, an increase of almost 250
percent.
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Jru~ES

M. MONTGOMERY, CONSULTING ENGINEERS, INC.
MEMORANDUM

To: file

Date: August 8, 1989

From: Bern Hinckley

File:

Subject: Red Lane

Client:

CEPI/w~DC

Report on field investigations of May tag Well - July 24, 1989 and
project research to date.
Procedure

Pump suppl ied by Boelens Well Service of Thermopol is.
In"i tially
placed suction in May tag casing and pumped directly to Red Lane
Ditch approximately 50 ft. from well; check dam placed between well
and discharge to prevent backflow. Pump for approximately 2 hours,
monitoring water levels and observing condition of bowl and drain
leak.
Recover.
Pump directly from bowl and monitor water level
recovery following pumping.
Observations

Discharge Bowl The May tag Well discharges from a 7-inch diameter,
vertical well casing into the center of a 7 ft. diameter rock bowl.
Under free-flowing conditions, the top of the casing is 7.5 inches
below the water surface (although the discharging water boils up
considerably higher).
The lip of the bowl is approximately 13.5
inches above the water level.
The total depth of the bowl is
approximately 50 inches.
Water flows from the bowl down a concrete-lined ditch on the west
side of the bowl.
Three points of pipe discharge from the bowl
were observed: a 2-inch PVC pipe to Ken Outland at a depth of 6
inches on the north side; an irregular (approx. 2-inch diameter)
hole in the side of the bowl feeding a pipe to Jack and Marie
Baines from a depth of 20.5 inches on the west-northwest side; and
a steel(?) pipe of approximatelY 5-inch diameter of unknown
destination from a depth of approximately 38 inches on the west
side (immediately below the ditch) .
Based on the rate of decline of the water level in the bowl when
well discharge was diverted through the pump, the full bowl leaks
at a rate of approximately 80 gpm, including discharge through the
three pipes cited above. As the water level in the bowl declines,
the rate of leakage declines. Bowl leakage stabilized with the 5
to 10 gpm escaping from the well casing at a total drawdown of 22
inches.
Although a number of conspicuous cracks and holes were
repaired while the bowl was partially dewatered, the change in the
rate of recovery as the bowl re-filled indicates a continuing loss
of 50 to 100 gpm.

Although both Baines and Outland report only small-quantity use
(approximately 5 gpm) I the possibility of pipeline leaks adding to
their total withdrawals was not investigated.
Particularly in
Baines' case, the possibility of sUbstantial loss between intake
hole and. delivery point is obvious. The third, "mystery" pipe was
at least partially plugged with fiberglass insulation during this
investigation.
While
it's
continuing
withdrawal
under
approximately 18 inches of head is no more than 10 gpm, the loss
under full head (38 inches) is unknown.
May tag Well
Based on the rate of pumping to eliminate flow from
the well casing and the rate of bowl filling following pumping, the
May tag well was flowing approximately 380 gpm on this date (July
25, 1989).
This compares to an average of 345 gpm from 3 flow
measurements of the discharge ditch made over the last 5 years
(345, 354, and 336 gpm).
Note that the flow of the well appears
to be variable: measurements taken by the same state Engineer
hydrographer in three consecutive months of 1983 vary from 314 to
479 gpm.
Measurements taken of the flow of Big Spring (flowing
from the same aquifer, approximately 2 miles away in Hot Springs
state Park) by Simons, Li and Associates in 1983 found variation
of approximately 200 gpm over a 3 day period.
Barometric effects
were indicated as the source of this variation.
Measurements of the flow of the May tag well over the decade from
1972 to 1982 average 630 gpm.
(The range in values is from 500 to
700 gpm.)
Thus, there does appear to have been a decline in flow
on the order of 30%. However, cursory reference to the much more
closely-monitored flow of Big Spring suggests that there may have
been a general decline in aquifer yield throughout this area. Data
provided by the State Engineer r s Office for 1988 I show a flow
approximately 200 gpm (10%) less than that established by the 1972
to 1982 average for Big Spring.
At the surface, the May tag discharges through 7-inch diameter steel
casing (I.D. 6.94 inches; 0.0. 7.63 inches). considering the 70year age of this casing and the high hydrogen sulphide content of
the water, the casing is in surprisingly good condition. Although
the inside of the pipe beyond the upper lip could not be observed,
the exterior was more subject to encrustation than corrosion.
Overall, the pipe appeared to be structurally sound: there was no
sign of severe pitting or weak spots; the lip could not be easily
deformed with a hammer.
Based on the method of drilling used to construct the May tag, it
is
possible
that
this
casing
extends
only
through
the
unconsolidated, surface deposits (approx. 60 to 80 ~t.) and it is
probable that the casing was driven, rather than cemented, in
place. Thus, an obvious avenue for well leakage is up the annular
space between the casing and the hole.
Such leakage could be
expected to follow the casing up to the near surface, seeking a
discharge pathway through the surface gravels and travertine
deposits.

Anecdotal reports of the drilling of the May tag Well indicate the
loss of a string of drilling tools in the well.
This would very
likely also have required abandonment of the drilling cable from
the surface to the bottom of the well. Attempts to plumb the well
include lowering a 3/4 inch probe on a steel cable to a depth of
500 ft. in 1981. This probe was only retrieved with considerable
difficulty due to obstructions in the well. As part of the present
investigation, the well was first plumbed with a steel weight on
a nylon cord; the weight could not be lowered beyond a depth of 8
ft.
Probing with a I-inch polyethylene pipe found no significant
impediment at 8 ft., but had to be worked past an obstruction at
32ft.
The pipe was pushed on to 60 ft. (the end of the pipe)
without difficulty. The well was next plumbed with a 7 ft. piece
of 1/2-inch sucker rod on a nylon cord. The previous obstruction
at 8 ft. was not encountered, but the rod had to be worked up and
down to proceed through the 30 to 40 ft. interval.
The rod then
dropped freely to 80 ft., from which it was withdrawn to check the
depth.
The obstruction at approximately 30 ft. was encountered
again on the way out of the hole; repeated raising and lowering of
the probe at this point led to severing the cord near the top of
the probe.
Drainbank Discharge The north-flowing drain immediately east of
the May tag Well has / a significant flow discharging from the
travertine and soil bank adjacent to the well. Much of the ground
surface between this pointe and the well is sunken, suggesting the
subsurface connection.
Due to the irregular discharge vent, the
flow into the drain is difficult to determine; estimates by various
observers suggest 100 to 150 gpm.
The flow from this discharge point appeared to decrease somewhat
as the water level in the bowl was drained, but the majority of the
original flow was clearly present after two hours of well pumping
and stabilization of the bowl water level. A direct connection to
the bowl for at least part of the flow was demonstrated by the
appearance of algae clots from the bowl in the drain discharge when
the bowl was refilled following pumping. Photographs of the drain
discharge confirm both the presence of significant "base ll flow I and
the slight decrease in discharge during well pumping.
My visual
estimate of the difference was approximately 50 gpm.
Conclusions

1. Approximately 50 to 100 gpm of well flow could be recovered by
sealing cracks and holes in the discharge bowl, plugging the
"mystery" pipe, and ensuring leak-free water delivery to Outland
and Baines.
2. The available flow from the May tag Well has declined, on
average, approximately 200 gpm (30%) over the last decade.
This
appears to be a combination of a regional decline in aquifer yield,
leaks from the discharge bowl, and leaks from the well itself.

3. The May tag Well may contain a variety of debris, including
drilling cable, cable tools, and an short piece of sucker rod.
The well is more or less open to at least 500 ft., although
obstructions of some sort are known to occur at 8 ft. and 30 ft.
4. The observed "leak" into the drain adjacent to the May tag Well
is a combination of leakage from the bowl (in the 50 gpm range,
comparable to the leakage suggested by bowl water level
measurements) I and leakage from the well itself. The total leakage
appears to be on the order of 100 to 150 gpm, apparantly
representing the bulk of the decline in measured well flow
suggested by historic data.
(It is reasonable to expect
additional, diffuse leakage into the surface aquifer.)
5. Complete rehabilitation of the May tag Well and discharge bowl
may increase the available flow as much as 150 to 20.0 gpm.
Depending upon the well rehabilitation method, the flow could also
pe.decreased somewhat.
We believe that a replacement well could
be.sited at a location of convenience and designed to yield as much
wa~er as would be allowed under the District's water rights.
This
qu'antity could be as much as 800 gpm, but, considering potential
well interference, would probably be about 600 gpm. The need for
water in the service ~ area should be evaluated:
Would there be
benefit from an increased supply?
Would there be injury if the
supply were decreased somewhat?
6.
options for well rehabilitation are dependent upon the depth
of casing and the presence of interfering material in the well.
Additional investigations, including fishing out debris and running
magnetometer (collar locator) and caliper logs, are needed to
further evaluate these options.
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JAMES M. MONTGOMERY, CONSULTING ENGINEERS, INC.
MEMORANDUM

To: file

Date: October 6, 1989

From: Bern Hinckley

File: 2633.0010

Subject: Red Lane

Client: CEPI/WWDC

Report on field investigations of May tag Well - Sept. 12-13, 1989.
Depth estimates for fishing and probing are based on visual
interpolation between widely spaced marks, and should be considered
as ± 5 ft.
Depth values for logging are exact, referenced to the
rim of the discharge bowl, approximately 1 ft. above the top of the
well casing.
Fishing
Probing the well with a 20-ft. length of 2-inch PVC revealed a
partial obstruction at approximately 8 ft. Based on the "feel" of
this obstruction, a 1/2 to I-inch ledge, running 3/4 of the way
around the inside of the well casing was proposed.
The well was
clear to the 20-ft. length of the PVC probe.
Fishing with a
makeshift hook on the end of a string of 1 1/2-inch steel pipe
found a further obstruction at approximately 26 ft.
Eventually a
20-ft. piece of 3/4-inch rod, with a large hook formed in the top,
was fished from the hole. The "ledge" at 8 ft. and the obstruction
at 26 ft. disappeared with removal of this rod.
The rod was distinctly more corroded with depth. While the top was
only lightly pitted, comparable to the surprisingly solid condition
of the well casing observed at the surface, the lower end was
covered with heavy scale and deep (3/16-inch) pits.
The rod
diameter had been reduced by approximately 1/3. The nature of the
corrosion, sulphate reduction, is indicated by the presence of fine
pyri te (iron sulphide) coatings in the scale chips.
However,
nothing is known about the condition of this rod before it was lost
in the well.
Throughout well fishing, probing, and logging, large masses of
gelatinous, green and grey bacteria were knocked off the sides of
the well and flushed to the surface.
There was no apparent
decrease in the quantity of this material with depth, and it
continued to be dislodged from the maximum depth probed -- 620 ft.
Based on the volume and consistency of these bacteria mats, a
significant restriction of well flow must result.
While we were
unable to accurately measure well flow, several observers agreed
that the water level in the discharge ditch had come up perceptibly
as a result of our "swabbing" the well.
Following removal of the steel rod from the well, the fishing hooks
were bent out to gage well diameter. A small cavity of some sortJ~
---------

------------------------------------------

---

_._- --_ .. __ .. _ _._._ _._.... __ __ __._---------_.__._--_ - _-_._--------was indicated at approximately 29 ft., perhaps a casing joint.
otherwise, the well casing seemed clear to at least 70 ft.

-----_.. _------_ ...

..

..

..

.

.. ..

Probing
A 5 7/16-inch O.D., 44-inch long piece of pipe was lowered into the
well on a 1/4-inch cable. A minor obstruction was encountered at
approximately 28 ft.; this was cleared with considerable discharge
of dislodged bacteria. This obstruction was repeatedly encountered
as the well was entered and exited, but eventually "wore down".
Considerable obstruction was encountered around 120 ft., the pipe
being lowered by repeated raising and dropping as it was "spudded"
down.
Penetration of this section was accompanied by large
discharges of bacteria slime and fine sediment. Retrieval of the
pipe from 124 ft. showed fine scratches in the metal, although no
solid-feeling obstruction had been encountered.
Due to the slow progress of the 5 7/16-inch pipe, it was replaced
with a 3 3/4-inch O.D., 88-inch long piece of pipe after
penetration to 130 ft.
Surprisingly, this pipe also encountered
"soft" obstruction at 130 ft. As it was spudded downward, bacteria
and fine sediment were repeatedly dislodged.
Examination of the
sediment showed the red and green siltstones typical of the
Chugwater Formation through which the well is drilled.
Once the
obstruction at 130 ft. was passed (at approximately 135 ft.), the
pipe lowered smoothly to 210 ft.
Minor obstructions were easily
spudded through around 220 and 280 ft.
At 320 ft., progress was
much slower and, again, considerable bacteria and sediment were
dislodged.
Next, a 2 3/4-inch O.D. coupling was attached to the lower end of
105 ft. of 1 1/2-inch iron pipe.
This was lowered without
impediment (note that this assembly was considerably heavier than
the earlier probes) to a depth of 540 ft., the end of the cable.
No obstruction was encountered near 500 ft.
(500 ft. is one of
several reported depths of the well and was the total depth
thermally logged 8 years earlier.)
A minor obstruction was
encountered at approximately 410 ft. on the way out of the well.
80 ft. of 1 1/2-inch pipe was added and the well reentered. Slight
obstructions were encountered at 260 and 420 ft. on the way down.
The end of the cable was reached at 620 ft., and the pipe was
withdrawn without obstruction.
Note: the depth of this well is unknown. Several wells, including
the May tag, were drilled in this immediate vicinity, in about 1918.
There are no contemporary depth records; subsequent reports include
500 ft., 900 ft., and 1200· ft. for one or all of these wells, and,
in one case, for the same well.
The following morning, the 2 3/4-inch coupling was again lowered
to approximately 500 ft., with minor obstructions being encountered
at 220 and 280 ft.
This assembly was removed without difficulty,
then lowered back to 250 ft., beyond which it was unable to
proceed. Examination of the end of the coupling showed many small

dents as though it had been beaten on a solid object. Note that at
no point in the fishing, probing, or logging of the well was the
flow in any perceptible way diminished. Whatever obstructions were
present, including that at 250 ft. which stopped the 2 3/4-inch
coupling, were not configured so as to significantly "plug" the
well.
Logging
Logging of the well was conducted using a 1 1/2-inch O.D., 24-inch
long magnetometer tool mounted beneath a 2 1/4-inch O.D., 60-inch
long caliper tool. This assembly encountered an obstruction at 213
ft.,
was unable to proceed past 227 ft. due to a "hard"
obstruction, and was withdrawn from this section with considerable
difficulty. The magnetometer survey was highly erratic but showed
the presence of casing throughout the depth logged.
The erratic
nature was interpreted as severely corroded casing. A 4 in 2 chunk
of corroded casing scale was retrieved under one of the caliper
arms, presumably from the 213 to 227 ft. depth range in which the
tool was being spudded.
The caliper log indicated an 8 1/2-inch diameter hole between 215
and 118 ft., with a 6 1/4-inch diameter from 118 ft. to the
surface. A spike in the caliper log at 30 ft. indicated a diameter
of 7+ inches; this may be a hole in the casing or a parted joint.
A longer "hole" is indicated from 85 to 110 ft., with a maximum
diameter of 7 1/4-inches.
At 114 ft., the caliper log indicates
a 1 ft. section of 5+ inches (our 5 7/16-inch "dummy" was passed
through this section).
The lower hole produced a fairly even
caliper log (at 8 1/2-inch diameter) to a depth of 175 ft., below
which the log indicates a 6 1/4" obstruction at 182 ft. and a short
narrowing to 4" at 196 ft.
Following logging, the hole was reentered with the 2 3/4-inch
collar on 105 ft. of 1 1/2-inch steel pipe. Obstruction was first
encountered at 225 ft. and the pipe was spudded down to 285 ft.
with considerable difficulty. This assembly was withdrawn from the
225 to 285 ft.
section only with considerable obstruction,
particularly at 260 and 240 ft.
The collar had been beaten loose
from the pipe by the time the pipe was finally retrieved from the
hole.
Based on the obvious obstructions in the well below approximately
210 ft., logging and probing operations were terminated.
As a
final measure to remove deposits from the upper portion of the
well, a 7-inch diameter wire brush was attached to a string of 1
1/2-inch steel pipe and used to "scrub" the well.
Considerable
quantities of bacteria and sediment were flushed from the well
before the brush was lost in the vicinity of the obstruction at 220
ft.
The efficacy of the brushing is indicated by a reduction in
head loss as water flowed up the wellbore: During earlier probing
operations, which also cleared considerable material from the well,
the static water level inside an 80-ft. string of 1 1/2-inch pipe
suspended in the well, stood 81 1/2 inches above the well casing

J~
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( i . e. the head loss in 73ft. of well was 81 1/2 inches).
Following the brushing operation, this value had been reduced to
77 inches.
Conclusions

1. The May tag Well is at least 620 ft. deep and casing extends to
a depth of at least 227 ft.
2. The diameter of the casing increases from approximately 6 1/4
inches I.D. to approximately 8 1/2 inches I.D. at 118 ft.
3. Although the well casing is physically sound at the surface, it
appears to be seriously deteriorated at depth.
It is probably
subject to severe pitting and scaling by a depth of 30 ft., it is
sufficiently deteriorated to allow sediment to pass through below
125 ft.
In the approximate range 220 to 280 ft., the seriously
deteriorated casing has been mangled by logging and probing
efforts, and precludes free passage down the well.
4. The well is subject to significant buildup of sulphate-reducing
bacteria to a depth of at least 600 ft.
5. While poor to very poor casing condition and bacteria buildup
significantly increase friction-caused head loss, there is no
indication of blockage of well flow.
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CIVIL ENGINEERING PROFESSIONALS INC.
355 N.LINCOLN
CASPER WY. 82601

MARCH 7,1990

DEAR SIRS:
THE RED LANE WATERSHEAD IMPROVMENT DISTRICT MET ON THE 5TH OF
MARCH AND CAME UP WITH THE FOLOWING DES IS IONS BASED ON THE PROJECTS AS
OUT LINED IN THE LEVEL II FEASIBILITY STUDY,PHASE I.
1.REPAIR DISCHARGE BOWL & SUPPLY CANAL. (PG.23)
2.REPAIR UPPER CANAL. (PG.24)
3.REPLACE LOWER CANAL. (PG.25)
4.REPAIR CALVIN STREET CANAL. (PG.25) POSSIBLY LOOK INTO INSTALLING
PVC PIPE AS DISCRIBED FOR THE WORKMAN AND HASKIN STREETS. (PG.26)
5.INSTALL PVC PIPE AT WORKMAN AND HASKIN STREETS. (PG.26)
6.DRAIN SYSTEM, IT WAS DECIDED TO CONSTRUCT A DRAIN DITCH THROUGH
LOCKHARTS PROPERTY DUE TO THE HIGH COST AND POSSIBLE LEGAL PROBLEMS AT
OTHER LOCATIONS. THE DISTRICT ALREADY HAS A 20FT.EASEMENT THROUGH
LOCKHARTS AND A 10FT.EASEMENT THROUGH SHERIDANS TO THE SLEW.WE WILL
LOOK IN TO ASKING SHERIDAN FOR A 20 FT.EASMENT.
7.0BTAIN EASEMENTS FOR ALL PROPERTIES ALONG THE DITCH. (PG.28)
8.STORM DRAIN SYS. IMPROVE DETENTION POND AND DRAIN DOWN HASKIN
STREET. (PG.30)
THESE ARE THE PROJECTS WE FEEL NEED ATTENTION IN ORDER TO KEEP OUR
SYSTEM OPERATING WITH THE LEAST AMOUNT OF COST TO THE DISTRICT LAND
OWNERS.

MICHAEL L. WILLIAMS
SECRETARY RLWSID

RED LANE REHABILITATION PROJECT

Going th~ough the study as printed the 8oa~d of Di~ecto~s
tried to narrow the work down to the bare minimum in order to
keep the assessment down as low as possible and still be of
any value to the District.
We feel it is very important to Rehabilitate the well and
run the liner as deep as possible to recover the loss of as
much of the water as we can as you have outlined on page 3-3
and 3-4,
The Discharge Basin Rehabilitation should also be
COfl"P 1 eted.
Th~· .Lo'. . .!er· C:Et'lla 1 is in suc h bc\d s.hE<.pe tha t '. . .'e fee 1 it.
should be completely replaced as I mentioned on the phone,
and if feasible to grade it straight through to join the
Up p ' :::' 'j"' Can .=:( 1 ':' il t. hen 0 (' t. hi.=':- n d .
t) e n \:,:. e d co':.; t. f i ~;:J U i~ e':; .::. nth is.
We would st.ill like to run the new supply lines to the
areas not served now, with PVC Pipe wit.h valves at each prop:.:::0 (' t,'>, ,:~·.nd .::t t.
t.he end 0 fear: h 1 i ne .I.l·I..•••.' flush them out and blow
them dry for the winter months .
.t L

:.

_

t·: 1 J. '.:;:. .

the division of the Upper and the Lower Canal, at the end of
r:'l~?,i n C:.:::inal I.'v'her'e the ne
1.J..13.ste di tch '~'i 11 t.'::-l.ke t.he 'v.'Et.t.e';"'
to the slough, made with an open box like structure with slip
boards t.o manualy divert the water.
We need prices for this.
Table 3-3, page 3-23 a new cement waste ditch.
Then on page 3-29, the Survey and all of the easements
which will be ~equired before we could start anything.
the

copies to:

l
.,.'

Wyoming Water Development Commission
Civil Engineering Professionals

