
RICHARD D. LAMM
Governor
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Ground Water (303) 839-3587

June 28, 1979
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and Reservoir Company
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Gentlemen:
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Re: Lonetree Reservoir Dam (CO 01734)
W. Div. 1 W. Dist. 4

Enclosed is a copy of the final Phase I inspection report on Lonetree
Reservoir Dam prepared by Bovay Engineers, Inc. in accordance with U.S.
Government Contract No. DACW45-78-C-0023 with the State of Colorado under
the National Dam Safety Program. We request that you implement the
recommendations enumerated in this report.

Please submit a tentative schedule for accomplishing the requested
work to our office by August 31, 1979.

Very truly yours,
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William R. Smith
Acting State Engineer
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cc: Colonel V. D. Stipo
Jim Clark, Div. Eng. (w/enclosure)
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SUMMARY OF ASSESSMENT AND RECOMMENDATIONS

LONETREE DAM AND DIKE

LARIMER COUNTY, COLORADO
I.D. NO.: CO 01734
HAZARD CATEGORY: 1

INSPECTION ON 20 OCTOBER 1978

Lonetree Dam, Dike, and Reservoir are off-stream facilities. Drainage

below these facilities crosses farmlands and eventually reaches the Big Thompson

River. The embankments for the dam and dike appear to be in good condition.

Based on precipitation values in National Weather Service's Technical Paper 38

and in the Bureau of Reclamation's "Design of Small Dams," 2nd Edition, the

dam, spillway, and dike can accommodate the probable maximum flood without ovpr-

topping the dam or dike; however, the earthen spillway would be eroded by a

spill produced by such a flow and would release some water stored below the

spillway crest. The amount and rate of such an uncontrolled release would

depend on the degree of erosion.

The spillway channel makes a turn of approximately 90 degrees just beyond

the spillway crest. This part of the channel is largely in sandstone and

except for the sharp turn is free from obstructions. Work to improve the

channel below this area has been delayed by right-of-way problems.

The outlet works for Lonetree Dam have operated satisfactorily for several

years. However, some seepage was observed coming into the outlet conduit

through the masonry (rock) lining at sections under the Home Supply Canal.

There are no guard gates on the outlet works to facilitate repair and main-

tenance of the operating gates. Because there is no wasteway below the dam,

the reservoir can only be evacuated by releasing water onto the farmlands

served by the project.
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The embankments for the dam and dike have recently been brought up to

grade (28.5) using material cut to form the new spillway and the channel

immediately below the spillway weir. Some of the disturbed area is lacking

protective grass covering.

Because of the above factors and the potential loss of life and property

damage, the following recommendations should be implemented:

a. Replace or modify the present spillway weir to provide an erosion-

resistant structure.

b. Consider placing the Home Supply Canal in a siphon under the spillway

to protect it from damage during a spill and to minimize the possibility of

canal water contributing to failure of the dike in this area.

c. Monitor seepage into the masonry- (rock) lined outlet conduit with a

full head of water in the Home Supply Canal and the reservoir extension channel.

d. Install one or more piezometers on the downstream side of the crest

of the dam above the outlet works to assist in detection of possible increases

of seepage into or along the conduit.

e. If seepage into the conduit has the potential for piping, considera-

tion should be given to lining the canal across the dam.

f. Have gates for the outlet inspected and tested by a qualified engi-

neer and submit a report of the findings to the office of the State Engineer.

g. Consider the installation of a guard gate to permit inspection,

repair, and maintenance of the operating gates without draining the reservoir.

h. Prepare plans for evacuating the reservoir in the event of an emer-

gency so that water released through the outlet works would do minimal damage.

The plan should consider a wasteway structure and channel leading to Ryan

Gulch. It may be possible to hasten evacuation by pumping from the reservoir

into the spillway channel.

BOVAY ENGINEERS, INC.
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i. Provide for the re-establishment as soon as possible of a protective

grass cover on areas of the embankment recently disturbed by construction.

J. Because it is difficult to visualize the nature of the damage that

would be done if the dike should fail, it is recommended that a survey and

flood study be made to determine the areas that would be innundated.

k. Prepare written procedures for making emergency repairs and for

warning people below the dam and dike of an impending emergency. Train key

personnel for properly carrying out this work. Provide adequate back-up per-

sonnel trained to substitute for others who might not be available when needed.

BOVAY ENGINEERS, INC.
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The embankments for the dam and dike have recently been brought up to

grade (28.5) using material cut to form the new spillway and the channel

immediately below the spillway weir. Some of the disturbed area is lacking

protective grass covering.

Because of the above factors and the potential loss of life and property

damage, the following recommendations should be implemented:

a. Replace or modify the present spillway weir to provide an erosion-

resistant structure.

b. Consider placing the Home Supply Canal in a siphon under the spillway

to protect it from damage during a spill and to minimize the possibility of

canal water contributing to failure of the dike in this area.

c. Monitor seepage into the masonry- (rock) lined outlet conduit with a

full head of water in the Home Supply Canal and the reservoir extension channel.

d. Install one or more piezometers on the downstream side of the crest

of the dam above the outlet works to assist in detection of possible increases

of seepage into or along the conduit.

e. If seepage into the conduit has the potential for piping, considera-

tion should be given to lining the canal across the dam.

f. Have gates for the outlet inspected and tested by a qualified engi-

neer and submit a report of the findings to the office of the State Engineer.

g. Consider the installation of a guard gate to permit inspection,

repair, and maintenance of the operating gates without draining the reservoir.

h. Prepare plans for evacuating the reservoir in the event of an emer-

gency so that water released through the outlet works would do minimal damage.

The plan should consider a wasteway structure and channel leading to Ryan

Gulch. It may be possible to hasten evacuation by pumping from the reservoir

into the spillway channel.
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i. Provide for the re-establishment as soon as possible of a protective

grass cover on areas of the embankment recently disturbed by construction.

j. Because it is difficult to visualize the nature of the damage that

would be done if the dike should fail, it is recommended that a survey and

flood study be made to determine the areas that would be innundated.

k. Prepare written procedures for making emergency repairs and for

warning people below the dam and dike of an impending emergency. Train key

personnel for properly carrying out this work. Provide adequate back-up per-

sonnel trained to substitute for others who might not be available when needed.
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Dam: Lonetree Dam
State: Colorado
ID Number: CO 01734
Hazard Category: 1

PERTINENT DATA NO. 1 

A. Embankment

Type: Earthfill with concrete facing
Crest Length, Feet: 165
Crest Width, Feet: 20 (minimum), 53 (maximum)
Crest Elevation, Feet, MSL: 28.5 (5135.5)*
Height, Feet: 28.5 (structural)
Volume of Fill, C.Y.: Unknown

B. Spillway

Type: Largely rock cut with small amount of rolled fill on right side
(6 to 8 inches deep)

Location: 2500 feet upstream from dam
Weir Crest Elevation, Feet, MSL: 25.0
Weir Bottom Width, Feet: 950
Length, Feet: 1150 (length of channel

C. Outlet Works

along supply canal
gage (5132.0)*

improvements)

Inlet Type: Two cast-iron gates 24" x 36" each
Conduit Type: Masonry tunnel, concrete pipe and corrugated metal pipe
Conduit Length, Feet: 236
Conduit Diameter, Inches: 48" PCP (36 feet) above gates; 43" x 48" masonry

arch tunnel (140 feet) and 60" CMP below gate (60 feet)
Stilling Basin Type: None
Outlet Invert Elevation, Feet MSL: 0 (5107.0)*
Normal Operation Discharge, CFS: 200 cfs from lake, 50 to 100 cfs from river

ditch.

D. Reservoir

Type of Storage 

Irrigation
Irrigation plus Surcharge

Storage Volume
Acre-Feet

9,300
11,100

Elevation Surface Area
MSL in Acres

5132.0* (25.0 gage) 500
5135.5 (28.5 gage) 600

*Based on USGS Quad Sheet showing high water at elevation 5132.0.

Drainage Basin: Six square miles

PD-1

I
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Dam: Lonetree Outer Dike*
State: Colorado
ID Number: CO 01734
Hazard Category: 1

PERTINENT DATA NO. 2 

A. Embankment

Type: Earthfill
Crest Length, Feet: Approximately 7100
Crest Width, Feet: 10 to 20 (varies)
Crest Elevation, Feet, MSL: 28.5 (5135.5)*
Height, Feet: 11.0 (maximum)
Volume of Fill, C.Y.: Unknown

B. Spillway (See Pertinent Data No. 1)

C. Outlet Works (See Pertinent Data No. 1)

D. Reservoir

Storage Volume Elevation Surface Area
Type of Storage Acre-Feet MSL in Acres 

Irrigation 3500 5132.0* 500

*Left bank of Home Supply Canal. Properties of Inner Dike are not given
since it does not contain the reservoir water when either diversion gate
is open or when spillway is operating.

PD-2
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1. GENERAL.

a. Authority. The National Dam Inspection Act (Public Law 92-367,
1972) provides for the National Inventory and Inspection Program by the U.S.
Army Corps of Engineers. Under this act, the Corps has an agreement with the
State of Colorado to have some dams within the State inspected by private
consultants. Under this agreement, the State of Colorado Department of Natural
Resources -Division of Water Resources (State Engineer) awarded Contract
Number C154083, dated 5 July 1978, to Bovay Engineers, Inc., to inspect nine
(Area II) dams. Lonetree Dam was inspected under an Addendum to that contract
dated 26 September 1978.

b. Purpose of Inspection. The visual inspection of Lonetree Dam was
made on 20 October 1978. One inspection team member returned on 3 November
1978, with equipment necessary to inspect the interior of the outlet conduit.
The purpose of the inspections was to make a general assessment as to the
structural integrity and operational adequacy of the dam embankment and its
appurtenant structures.

c. Scope of Report. This report summarizes available pertinent data
relating to the project; presents a summary of visual observations made during
the field inspection; presents an evaluation of the hydrologic and hydraulic
conditions and an evaluation as to the structural adequacy of the various
project features; and assesses the general condition of the dam with respectto safety.

2. PROJECT DESCRIPTION. A narrative description of the project is presentedin this section. A pictorial description is given in Appendix B.

a. Location. Lonetree Dam, Dike, and Reservoir are in Larimer County,
Colorado, Section 4, Township 4N, Range 69W of the 6th Principal Meridian. As
shown in Figure 1, it is accessible by way of U.S. Highway 287 to Campion,
Colorado, then west on the county road about two miles. Figure 2 shows the
topography at the dam site.

b. Purpose of Dam. Lonetree Reservoir is an off-channel irrigation
reservoir used to irrigate land east of Campion, Colorado. The eastern bound-
ary of the project is near the town of Johnstown.

c. Size and Hazard Classification. Lonetree Dam is classified under
the Corps of Engineers' size category as intermediate since its storage is9300 acre-feet. The height of the dam is 28.5 feet. Since failure of the damcould cause loss of life and extensive property damage, a hazard potential
classification of "1" has been assigned to the project by the state of Colorado.If the dam should suddenly fail the reservoir water would overtop the Lake
Ditch Canal below the dam. It is possible that water would enter Ryan Gulch;
however, a detailed survey and routing is necessary to determine the area thatwould be innundated by catastrophic failure of the dam.

Lonetree Dike is classified under the Corps of Engineers' guidelines as inter-mediate since its storage is about 3500 acre-feet and its maximum height is 11feet. If the dike should fail from overtopping, the top 11 feet of reservoir

1
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water might be released to Ryan Gulch and eventually to the Big Thompson
River. At least one inhabited house and several small buildings lie within
the path of flow and would be subjected to severe damage if the dike should
fail. Two smaller reservoirs adjacent to Ryan Gulch would be affected by
failure of the dike. It is difficult to visualize the nature of the damage
that would be done if the dike should fail and it is recommended that a survey
and flood study be made to determine the areas that would be innundated.

d. Basin Description. Lonetree Dam forms an off-channel reservoir in
Larimer County about three miles northwest of Berthoud, Colorado. The dam at
latitude 400 20' 37" north, longitude 105° 07' 30" west, has a natural runoff
drainage area of six square miles as outlined on Plate 1, Appendix D. Water-
shed terrain is gently rolling agricultural land rising westward from the
reservoir at about 4132.0 feet elevation to steep north-south oriented ridges
of rock outcrops with average top elevation 5800.0 feet approximately three
miles from the reservoir. Defined stream channels are present only in the
western third of the watershed. Most of the runoff from the area will follow
an overland flow pattern into swales. Soils are clay barns and loams. About
75 percent of the basin is cropland, the rest pasture and range with fair
vegetative cover. Residential development is present on the western edge of
the reservoir.

A probable maximum flood has been computed by procedures given in "Design of
Small Dams," 2nd Edition. In accordance with criteria established by the
office of the State Engineer for watersheds below 8000 feet west of the 105°
Meridian and east of the Continental Divide, index precipitation was obtained
from a chart in U.S. Weather Bureau Technical Paper No. 40 which indicates
21.5 inches as probable maximum six-hour, 10-square mile precipitation.
Runoff from the design rainstorm was computed using runoff Curve Number 84,
Antecedent Moisture Condition II and a minimum loss rate of 0.12 inch per
hour. A probable maximum thunderstorm flood was also computed using as index
a one-hour point rainfall value of 12.0 inches, Runoff Curve Number 75 and a
minimum loss rate of 0.03 inch per 15 minutes.

e. Geology and Soils. The Pierre Shale which crops out at Lonetree Dam
represents sediments of over 8000-feet-thick marine shale laid down during a
widespread invasion of Late Cretaceous seas (about 110 million years ago).
Alternating retreats and advance of these seas resulted in deposition of
interbeds of both relatively thick and thin sandstone/siltstone units in the
predominately shale formation. The Hygiene Sandstone Member, which is exposed
in the reservoir rim represents one of these units. Deposition essentially
ceased in the damsite area as the seas retreated eastward as the Rocky Moun-
tains rose to the west. The elevation of these mountains tilted the sediments
eastward. The beds at the damsite dip about 15° to the east-southeast. The
present topography represents the result of erosion of the Pierre Shale and
younger sediments during and subsequent to glacial activity in the mountains
west of the site. Figure 3 shows the geologic units in the Lonetree Dam and
Reservoir area.

At the dam outlet, dark gray, thin-bedded shale crops out in the 28-foot-deep
approach channel. Bed thickness is less than 0.03 feet which is reflected by
the fine talus of broken material on the cut slopes. Jointing, other than
along bedding planes, is not well developed.

2
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Along the north dike area, at both the lower ditch diversion and the emergency
spillway discharge channel, fine-grained sandstone crops out. The sandstone
is poorly cemented and is easily broken. Bedding in the sandstone averages
about 0.05 feet thick and its planes provide a prominent erosional feature in
the diversion flow cuts into the reservoir. Bedding planes of this sandstone
(Hygiene Member) form the invert of most of the emergency spillway crest and
discharge channel.

A natural basin forms the gently sloping
The Home Supply Canal embankment acts as
reservoir. As shown on the geologic map
is both shale and sandstone mantled by a
residual silty clay and silty sand. The
bedrock.

reservoir limits for the most part.
a dike on the north side of the
(Figure 3) the bedrock in the reservoir
relatively thin veneer of mainly
soil zone gradually grades into fresh

The dam is in Zone 1 of the seismic zone map of the United States. Earthquake
events normally do not present a hazard to projects located in Zone 1. Plate
2, Appendix D, shows the location of the dam relative to recorded events.

f. Embankments 

(1) Lonetree Dam. The dam forms a barrier between Lonetree Reser-
voir and the Lake Ditch Canal. It spans a reservoir extension channel with a
bottom width of about 15 feet and sides sloping approximately 1 Horizontal to
1 Vertical. The channel, shown in Photo No. 1, was excavated in shale to
bring the reservoir waters to a damsite where the topography and location were
favorable for constructing an outlet works that could:

(a) Release water from the reservoir into the Lake Ditch Canal
at an elevation that would permit utilization of all of the allowable
storage at a location where the canal could be constructed economically,
i.e., balanced cut and fill.

(b) Pass under the Home Supply Canal without greatly extending
the length of the conduit and avoid construction of an expensive siphon
or overchute to affect the crossing of the high-level Home Supply Canal
over the lower-level Lake Ditch Canal.

A sketch of a section through the embankment along the centerline of the
outlet works is shown in Figure 4. The Home Supply Canal diagonally crosses
the embankment as shown in Plate 4, Appendix C.

No drawings or construction records on the dam and outlet works are available.
The dam may have been constructed by leaving a shale plug embankment between
the terminus of the reservoir channel and the beginning of the Lake Ditch
Canal and driving a tunnel through the plug for the outlet conduit. However,
W. R. Keirnes who has been associated with this project for many years believes
that it is more likely that the outlet was constructed using cut and cover
methods. Regardless of which of these two methods was used, compacted fill
was placed over the outlet and adjacent area to raise the crest of the dam to
elevation 28.5 (gage).

3
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A masonry wall was constructed on the upstream face to serve as a water barrier
and headwall for the outlet gates and conduit. The wall is approximately two
feet thick at the top and three feet at the base. The upstream face was
vertical and the downstream face was slightly battered.

Although the masonry blocks were mortared, the wall was not sufficiently
watertight. As a result, a concrete wall about three feet thick was cast
against the masonry wall. This wall was reportedly keyed into the hard shale
about two feet below the outlet invert. The top of the concrete wall is at
elevation 26.5, two feet below the crest of the embankment. The length of the
concrete wall is 53' 4". The length of the embankment crest is about 165
feet. The crest of the embankment runs from the barrier wall constructed on
top of the check in the Home Supply Canal at Station 0+70, on a line approxi-
mately normal to the centerline of the outlet works, to the 28.5 (gage) natural
ground contour on the right abutment. The left abutment ties into the shale
mass forming the left bank of the reservoir extension channel and the right
bank of the Home Supply Canal. The barrier wall shown in Photo No. 7 extends
beyond the check sidewalls and one end ties into the crest of the dam near the
left abutment and the other ties into the crest of Lonetree Dike formed by the
left bank of the Home Supply Canal. When the spillway is operating the check,
concrete barrier, and downstream bank of the Home Supply Canal become an
effective part of the dam in containing the water in the reservoir and spillway
channel. However, because of their limited service and height they will be
referred to as the outer dike and discussed further in the next subsection.

Photo No. 1, Appendix B, shows the upstream face and Photo No. 2 shows the
downstream face of Lonetree Dam. The crest of the dam is shown in Photo No.
7.

(2) Lonetree Dike. The banks of the Home Supply Canal function
with the dam across the reservoir extension channel to contain the reservoir
waters from Station 0+70 to Station 67+70 where the reservoir rim is at or
above the crest of the dam. The right bank of the Home Supply Canal forms an
inner dike and the left bank forms an outer dike. However, the inner dike is
penetrated by two channels from diversion structures at Stations 31+50 and
50+00. The diversions are controlled by stop logs, as shown in Photo No. 8,
that cannot be counted on to effectively contain the reservoir when it is
full. Furthermore, water passing over the spillway would immediately flood
the Home Supply Canal and require the outer dike on either side of the spillway
to contain the flow. The outer dike must also contain the water carried by
the Home Supply Canal for normal deliveries to the reservoir and to the farms
served by the canal that lie below the reservoir. Failure of the outer dike
would damage properties below the canal whereas failure of the inner dike
alone would not. For these reasons the outer dike must be considered as the
governing containment dike as far as safety is concerned. The use of the word
dike throughout the rest of this report refers to fill sections on the left
bank of the Home Supply Canal between Station 0+70 and Station 67+70.

The height of the dike above the natural ground at its toe varies from a few
inches to 11 feet. Fill has recently been added to about one mile of the dike
to provide a minimum crest elevation of 28.5. Details of this work are shown
in Plates 4 through 6, Appendix C. Typical cross sections of the dike are
shuwn on Plates 7 and 8, Appendix C.
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PVC drain pipe and crushed rock drains were installed below the toe of the
dike between Stations 35+00 and 48+00. The dike was constructed on a marsh
between these stations. Prior to installing the drains seepage through the
embankment exited on the slope above the toe of the dike. The drains have
effectively lowered the seepage line to the level of the drains. Discharges
from the drains flow north along a natural drainage course.

g. Spillway. Recent construction has provided a 950-foot-wide uncon-
trolled emergency spillway, shown in Photo No. 5, with a crest elevation of
25.0 (gage). As shown on Plate 5, Appendix C, the spillway crest is located
on the dike between Station 25+50 and 35+00. If the reservoir rises above
elevation 25.0 (gage) it would spill over the right bank of the Home Supply
Canal, innundate the diversion structure at Station 31+50, flood the canal to
the barrier at Station 0+70, then discharge over the spillway crest. Outflow
exiting from the spillway crest would turn sharply to the left in a broad
channel about 1100 feet long cut largely in sandstone rock. From the end of
the constructed channel the flow would enter Ryan Gulch. After passing through
Ryan Gulch Lake, shown in Photo No. 6, about three miles north of the spillway,
the discharge would continue northward to the Big Thompson River. An inhabited
farmhouse, shown in Photo No. 6, and several small buildings lie within the
flood path and would be subjected to severe damage by a large spill.

h. Outlet Works. The outlet works include an intake-trashrack structure
located in the reservoir extention channel about 36 feet in front of the dam.
A 48-inch diameter concrete pipe connects the intake to a concrete box attached
to the concrete wall on the upstream face of the dam. One end of the box
structure is open and this connects with a gate chamber within the concrete
wall. The chamber contains two 24" by 36" cast-iron Armco slide gates posi-
tioned about 12 inches downstream from the upstream face of the concrete wall.
Stainless steel gate stems rise to the top of the wall through pipe sleeves
embedded in the concrete. The stems enter the gate control house on top of
the wall shown in Photo No. 1, Appendix B. The hoists shown in Photo No. 3
are used to control the flow into the Lake Ditch Canal. The invert elevation
of the outlet conduit at the end of the gate chamber is at elevation 0 (gage).
For a distance of 140 feet downstream from the gate chamber the outlet conduit
is a wood-masonry lined tunnel. The flat floor of the tunnel is constructed
with laminated timbers long enough to support the masonry walls and roof and
provide a clear inside width of four feet. The height along the centerline is
three feet seven inches. Above the springline the roof arches on a two-foot
radius. The masonry blocks are joined by mortar to improve the load bearing
capacity and water tightness of the linirg. However, leakage between the wood
floor and masonry walls prompted the installation of a 0.125-inch aluminum
plate over the floor. It was fastened to the laminated wood floor with 3/8" x
3-1/2" cadminum plated lag screws and lapped two inches at the joints. Mortar
was used to seal the plate to the masonry walls.

Immediately downstream from the gate a curved steel baffle was placed at the
entrance to the masonry lined tunnel. This was installed to distribute the
discharge from gates which tended to jet along the floor and lower sidewall at
partial or single gate openings.

To enable the crest of the dam to be raised to elevation 28.5 and accommodate
the resulting increase in width of the embankment, the length of the outlet
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coNduit was increased by adding 60 feet of 14 gauge, 60-inch-diameter corru-
gated aluminum pipe to the end of the masonry tunnel. A reinforced concrete
encasement cast around the aluminum pipe and anchored to the masonry wall was
used to connect the two types of conduits. A flared aluminum transition,
attached to the end of the aluminum conduit, was provided to smooth the flow
of releases into the Lake Ditch Canal. Riprap protects the canal invert and
side slopes immediately below the transition.

3. CONSTRUCTION HISTORY. Lonetree Dam was constructed with the masonry wall
upstream face during 1881 and 1882. The Home Supply Canal was constructed
during this same period on the north side of the reservoir. The project plan-
ners took advantage of a natural lake basin to provide much of the storage for
the project. The capacity of the natural basin was increased by construction
of the supply canal which diverts water from the Big Thompson River to the
reservoir. The diversion structure on the Big Thompson is shown in Photo No.
9. As previously mentioned the embankment for the supply canal serves as a
dike to raise the reservoir level enough to permit usable storage of about
9300 acre-feet. The supply canal feeds the reservoir at two inlets, one at
Station 31+50 and the other at Station 50+00. After the last delivery to the
reservoir the supply canal crosses over Lonetree Dam and furnishes irrigation
water to higher farm land before it joins the Lake Ditch Canal about five
miles below the reservoir.

Because of leakage through the masonry wall on the upstream face it was rein-
forced with a concrete wall constructed in 1920. The new wall was cast against
and bonded to the old masonry wall. The project was then operated without any
significant new construction until 1960 when two new outlet gates were in-
stalled. This was followed by construction of the present intake structure
and 48-inch precast concrete pipe joining it to the gate chamber. This work
and a new concrete wing wall extention for the upstream face along the left
bank of the reservoir was completed in 1967.

In 1976 leakage between the timber floor and masonry walls of the outlet was
stopped by installation of an aluminum plate over the floor as described in
Section 2.h. About this same time the masonry conduit was extended by adding
60 feet of 60-inch corrugated aluminum pipe.

A major construction contract was awarded in 1977 to Frontier Construction
Company of Hygene, Colorado, to construct a spillway and raise the crest of
the dike to a minimum elevation of 28.5 gage. The design and construction
control for this work was by Bruns Engineering, Inc., of Longmont, Colorado.
This work was the result of a letter from the State Engineer, dated November
19, 1913, advising the Consolidated Home Supply and Ditch Company that the dam
did not meet safety requirements and restricting storage to a level five feet
below the top of the concrete wall on the upstream face of the dam (elevation
21.5 gage). The letter is shown as Plate 1, Appendix E. A report on the
construction which was essentially completed on December 19, 1977, is shown as
Plate 2, Appendix E. Some minor cleanup and dressing of the embankment was
not completed until March 1978.

4. OPERATION AND MAINANANCE HISTORY. Operation and maintenance records for
LoneLree Dam were not made available. However, W. R. Keirne, present secretary
and former manager of Consolidated Home Supply and Ditch Company, gave the
inspection team a briefing on how the project has been operated.
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The reservoir is filled during the winter and early spring months by diversion
from the Big Thompson River by the facilities shown in Photo No. 9, Appendix
B. The diversion dam is located about eight miles WNW from Lonetree Dam.
Releases are measured to the reservoir by the Parshall flume shown in the
upper view of Photo No. 10. About four miles below this structure a wasteway
with floodgates has been provided. During the flood of 1965 these gates were
opened sending excess water down the dry creek to the Big Thompson River, thus
protecting the supply canal and reservoir. There are no wasteways below
Lonetree Dam and, therefore, no way to drain the reservoir in the event of an
emergency except to release water onto the farms served by the project.

The Home Supply Canal can carry up to 350 cfs. Diversions from the Home
Supply Canal to the reservoir are made by the structures shown in Photo No. 8.
The upper diversion structure can divert up to 250 cfs to the reservoir.
Usually this is sufficient so the lower diversion structure is seldom used.
However, with both structures operating, the full capacity of the supply canal
could be diverted into the reservoir.

Most repair and maintenance work has been carried out by contract rather than
by force-account. The company retains Ken Dickey as their project engineer on
a part-time basis. Ken Bruns, Inc., of Longmont, Colorado, was recently
engaged to prepare the plans shown in Plates 4 through 8 of Appendix C. The
history on major repair work and modifications to the project is presented in
Section 3. The new emergency spillway described in that section has not yet
been tested. There are no instruments in the dam, dike, or spillway sections.

5. OPERATION AND MAINTENANCE PROCEDURES. The primary use for the water
stored in Lonetree Reservoir is to supplement direct flow rights from the Home
Supply Canal to the 20,000 acres of farmland served by the Consolidated Home
Supply and Ditch Company. About 250 stockholders are served by the Company
through 100 turnouts from the Home Supply and Lake Ditch canals.

To operate and maintain the system the Company employs three people during the
irrigation season to tend the gates and maintain the canals. Two of these
people are retained during the off-season for small repairs and other main-
tenance work. As previously mentioned, major repairs and modifications are
done by contracts. Three people are employed in the office during the irri-
gation season.

Releases of about 125 cfs to the stockholders start in May and build up to 250
cfs in June. Of this about 200 cfs is released from the reservoir and deliv-
ered via the Lake Ditch Canal. The remaining 50 cfs is supplied directly by
the Home Supply Canal. This canal crosses Lonetree Dam and serves lands that
are above the Lake Ditch Canal. In September the releases are reduced again
to about 100 cfs and terminated in late October. Releases to the system must
be carefully coordinated with the farmers. Since there are no wasteways below
the dam all of the releases must be disposed of on the farmland.

Charles Benton is the current manager of the system. He has the responsibility
of directing emergency operations if needed. The procedures would include
shutting off the flows into and out of the reservoir and opening the flood
gates to waste surplus water into Dry Creek. No written emergency plans have
been prepared.
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6. INSPECTION.

a. General. Inspection was made on 20 October 1978 by the following
individuals:

George B. Wallace, P.E. Principal Engineer, Bovay Engineers, Inc.,
Inspection Team Leader (Dams and Foundations)

Melvin A. Jabara, P.E. Consulting Engineer, Bovay Engineers, Inc.,
(Spillways and Outlet Works)

Lynn A. Brown, E.G., P.E. Consulting Engineering Geologist, Bovay
Engineers, Inc., (Geology and Soils)

Donald L. Miller Consulting Hydrologist, Bovay Engineers, Inc.,
(Hydrology)

The inspection team was accompanied by the following representatives of Con-
solidated Home Supply and Ditch Company:

W. R. Keirnes Secretary and former Manager

Kenneth Dickey Engineer

Robert Lebsack Board Member

b. Reservoir. The pool elevation at the time of inspection was gate
height 7.0 feet or 18 feet below the spillway. Trees line short segments on
the north and northeast side of the reservoir. No slide potential was observed
along the reservoir boundary.

c. Lonetree Dam.

(1) Crest. The crest surface was well graded. There were no
cracks or other -siFis of instability.

(2) Upstream Face. The surface appeared to be in excellent condi-
tion. A few spots of minor spalling were noted along construction joints.
Overall, the face showed minimal effects to weathering.

(3) Downstream Face. No seeps, depressions, or objectionable
bulges were noted, however the reservoir was very low. There is ample riprap
around the outlet and grass on the remaining slope. There were no signs of
significant erosion.

(4) Abutments. The wing walls and concrete step benches appear to
be in good condition as do the embankment contacts with the abutments. The
Pierre Shale comprises the foundation and abutment rock and is fragmented from
exposure to wetting and drying cycles over the years. The slightly steeper
than 1 Horizontal to 1 Vertical rock cuts adjacent to the wing walls appear
stable.

d. Lonetree Dike.
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(1) Crest. The crest shows no signs of cracking, misalignment, or
suutlement.

(2) Upstream Slope. The slopes are relatively gentle and, in part,
grass covered. A few large diameter trees (10+ inches) are near or on the
upstream slope of the inner dike but these do not affect the safety of the
outer containment dike. No erosion of the slopes was noted.

(3) Downstream Slope. The relatively bare slopes (except for some
sage brush, etc.) showed no erosion. This, in part, may be due to the fact
that construction has only recently been completed. No evidence of seepage
was !IuLed.

e. Outlet Works. The trashrack and inlet structures were submerged and
could not be inspected. The gate hoists shown in Photo No. 3, Appendix B, were
inspected and appeared to be in good condition. Mr. Keirnes of Consolidated
Hume Supply and Ditch Company was reluctant to operate the gates but assured
the inspection team that the gates had performed properly during the irriga-
tion season. There are no guard gates.

lhe outlet conduit was entered from the downstream end. The aluminum transi-
tion and 60-inch-diameter corrugated aluminum pipe appeared to be in good
uundition except for dents in the crown and sidewalls as shown in Photo No. 3.
The masonry walls also appeared to be in good condition and free from any
significant displacements. The masonry arch had been plastered but some of
the plaster has spalled, as shown in Photo No. 3.

Some seepage was noted coming through the masonry walls under the Home Supply
Lanai, although the canal was dry at the time of the inspection.

The alminum sheeting, attached to the timber floor with cadmium plated lag
screws, was in very good condition. The aluminum transition at the downstream
end of the outlet and the riprap surrounding the transition, shown in Photo
No. 2, were also in good condition.

The metal baffles or fins described in Section 2 blocked close inspection of
tne outlet slide gates. The fins, shown in Photo No. 3, were positioned
immediately downstream from the gates to smooth out the flow when only one
gate is open or when one or both gates are only partially opened.

f. Spillway.The spillway crest was cut and filled to gage height 25.0
in 1977. Details of the crest construction are shown on Plate 5, Appendix C.
The crest is both compacted fill and bedrock (sandstone). The bedrock was
relatively smooth (bedding planes) and its excavation to the present level was
reported to be "difficult" during construction. A few inches of rolled fill
were required in portions of the crest to maintain the desired crest elevation.
lhe fill consisted of broken Pierre Shale.

No cracking was seen in the fill section. The discharge channel for about 900
feet below the spillway crest was excavated in rock and will direct any future
spillway flow away from the adjacent embankment-dike section.
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7. HYDROLOGIC AND HYDRAULIC EVALUATION. A probable maximum flood hydrograph,
peak discharge 25,400 cfs, 16-hour volume 5150 acre-feet, is presented on
Plate 3, Appendix D. A hydrograph of one-half this probable maximum flood is
presented on Plate 4, Appendix D. A probable maximum thunderstorm flood
hydrograph, peak discharge 31,500 cfs, five-hour volume 3600 acre-feet, is
presented on Plate 5, Appendix D.

The above floods have been computed by procedures given in "Design of Small
Dams," 2nd Edition. Data for the six-square-mile area watershed pertinent to
these procedures are given on Plate 6, Sheets 1, 2, and 3, Appendix D. Prob-
able maximum precipitation values obtained from an index value of 21.5 inches
for 10 square miles from U.S. Weather Bureau Technical Paper No. 40 are listed
on Plate 7, Appendix D. A 12-hour design storm of 19.1 inches gave a runoff
volume of 16.11 inches, 5150 acre-feet, after deducting losses indicated by
Runoff Curve Number 84, Antecedent Moisture Condition II, and using a minimum
loss rate of 0.12 inch per hour. Data for plotting the incremental triangular
runoff hydrographs are also listed on Plate 7, Appendix D. Ordinates of the
probable maximum flood are listed on Plate 3, Appendix D. These ordinates
were divided by two and the result plotted as one-half probable maximum flood,
Plate 4, Appendix D.

Probable maximum thunderstorm point rainfall of 12.0 inches was read for the
location of Lonetree Dam from Figure 20, "Design of Small Dams," 2nd Edition.
Applying an area adjustment of 0.92 read from Figure 21, "Design of Small
Dams," 2nd Edition, and values in Table 2, page 52, "Design of Small Dams,"
2nd Edition, a three-hour storm of 14.74 inches was obtained. Subtracting
losses given by Runoff Curve Number 75 and a minimum loss rate of 0.03 inch
per 15 minutes gave a runoff volume of 11.27 inches, 3600 acre-feet. Compu-
tations are shown on Plate 7, Appendix D. Summation of the ordinates of
incremental triangular 15-minute runoff hydrographs plotted from the data
listed on Plate 8, Appendix D, gave the ordinates of the probable maximum
thunderstorm flood shown on Plate 5, Appendix D.

Results of the technical hydraulic analyses for the floods described above are
presented on Plates 9 through 12, Appendix D. The spillway discharge curve,
shown on Plate 9, was constructed using tabulated discharge values contained
in the files of the State Engineer. The reservoir storage curve shown on
Plate 10 was also constructed using tabulated storage values above the spill-
way crest contained on the files of the State Engineer. Routing of the above
floods through the Lonetree reservoir and spillway are shown on Plates 11 and
12. They indicate that neither the one-half probable maximum flood nor the
probable maximum thunderstorm flood would cause the dam or dike which impounds
the reservoir to be overtopped. Routing results are as follows:

One-Half Probable Maximum Flood
(Based on TP 40)

Probable Maximum Thunderstorm Flood
(Based on DSD)

- Maximum discharge = 6970 cfs
- Maximum Res. W.S. Elev. 5134.0,

(Gage 27.0 ft.)

- Maximum discharge = 15,100 cfs
- Maximum Res. W.S. Elev. 5135.4,

(Gage 28.4 ft.)
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In addition to the studies described above, a computer analysis was performed
using Hydrologic Program 723-C1-410 furnished by the Corps of Engineers. This
computer program develops a PMP flood hydrograph and routes the flood through
the dam. The program determines the spillway capacity and the extent of
overtopping in the event overtopping occurs as a result of inadequate spillway
capacity and/or surcharge storage capacity. The PMP input was determined from
Technical Paper No. 38.

The computer program has various input options for determining the flood
hydrograph and routing the flood through the dam. A known hydrograph or a
synthetic hydrograph by Snyder's method are options. Since known hydrograph
ordinate data were not readily available, Snyder's method was used. The
parameters Cp and Ct are variables affected by the size and shape of the
drainage basin and the duration of the unit hydrograph. Values of Cp and Ct
of 0.81 and 0.32 were used for Lonetree Dam. These, along with other param-
eters, are shown on Plate 13, Appendix D, Listing of Card Input Data. Consid-
ering basin differences, the values of Cp and Ct for Lonetree Dam compare
favorably with data developed by the Corps for the Cherry Creek Dam (0.84 and
0.51, respectively). The AW50=47 and AW75=28.5 coefficients used for the
Cherry Creek Dam hydrograph widths were used for this analysis as they appear
to be the best data available. The resulting hydrograph is shown in Plate 14.

Other options in the program include methods of routing through the dam. The
broad-crested weir formula option for the spillway and embankment appeared
best in view of dimensional data acquired from on-site inspection and con-
struction drawings.

A summary of the results from the hydrologic and hydraulic analyses based on
Technical Paper No. 38 is shown on Plate 15. The peak discharge from the
probable maximum flood is 17,961 cfs. The total inflow volume is 6512 acre-
feet for the full PMF and 3266 acre-feet for the one-half PMF. The maximum
reservoir elevation that would be produced by the PMF is 5134.4 which is 1.1
feet below the crest of the dam and its adjacent dike.

From the standpoint of dam safety, the hydrologic design of a dam aims at
avoiding overtopping. Overtopping is especially dangerous for an earth dam
because the downrush of waters over the crest will erode the dam face and, if
continued long enough, will breach the dam embankment and release all the
stored water suddenly into the downstream flood plain. The safe hydrologic
design of a dam calls for a spillway discharge capability, in combination with
an embankment crest height, that can handle a very large and exceedingly rare
flood without overtopping.

The Corps of Engineers designs its dams to safely pass the probable maximum
flood that is estimated could be generated from the upstream watershed. This
is the generally accepted criteria for major dams throughout the world, and is
the standard for dam safety where overtopping would pose any threat to human
life. Although dams that do not fully meet this Corps standard will not be
evaluated as "unsafe," the Corps considers any dam located in a high hazard
potential area to be seriously inadequate if it cannot pass one-half of the
probable maximum flood without overtopping. However, the State Engineer
requires that such dams must be able to also pass the probable maximum flood
derived by using the USBR "Design of Small Dams" criteria without overtopping
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the dam. Since the severity of the probable maximum flood based on Technical
Paper No. 38 equals that of the general storm based on Figure 17, "Design of
Small Dams," and since it has been shown that Lonetree Dam is high enough to
accommodate the former flood it, therefore, meets the State Engineer's hydro-
logic design requirements. (See Section 8 regarding spillway structural
evaluation.)

8. STRUCTURAL AND GEOTECHNICAL EVALUATION.

a. General. Visual inspection, available design data, construction
records and history, and operational procedures provide the basis for the
following evaluation of the structural stability of the Lonetree Dam and Dike.

b. Embankments. The embankments appear to be in good condition. They
have been recently "dressed" and brought up to grade. There are no significant
depressions, bulges, seeps, or rodent holes.

Some areas with fresh cuts or fills have little or no protective grass cover.
However, these areas have been seeded and good cover should be re-established
next year. There is no riprap on the upstream face of the outer dike but it
is protected from wave action by the inner dike (right bank of Home Supply
Canal) which has flat, gentle slopes on the reservoir side. Trees on the
upstream side of the inner dike do not affect the safety of the project.
Containment of the reservoir is by the outer dike and Lonetree Dam.

The tile drains downstream of the maximum embankment section effectively drain
the marshy area near the upper diversion. The negligible flow in the drains
suggests that the above mentioned marshy area was not the result of reservoir
seepage but rather seepage from the Home Supply Canal.

Seepage from the Home Supply Canal into the underlying outlet works where the
canal crosses Lonetree Dam should be carefully observed. If the seepage in-
creases sufficiently to cause piping it would endanger Lonetree Dam. The
seepage could probably be stopped by lining the canal across the dam.

c. Outlet Works. The outlet works have been seasonally tested for
operational adequacy. No abnormal settlements or displacements were observed
in the conduit although the corrugated metal pipe in the downstream sections
was dented in several places. The masonry walls and arch appear to be struc-
turally sound but probably are not watertight. The new aluminum plate on the
timber floor of the conduit is in excellent condition.

The condition of the operating slide gates could not be determined for reasons
previously mentioned. They were closed during the inspection and were reason-
ably watertight under the low reservoir head existing at that time. No guard
gates exist which makes inspection and maintenance of the operating gates
difficult.

There was no evidence of piping along the conduit. Except for the baffles
installed immediately below the slide gate there are no obstructions in the
conduit or in the channel (canal) below the outlet.
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Except for potential leakage through the masonry walls of the conduit, the
outlet works are adequate under the current operating procedures.

d. Spillway. Both the probable maximum flood general storm and the
probable maximum thunderstorm flood would overtop the earthen spillway weir
and cause serious erosion. A significantly greater volume of water would be
released from the reservoir because of this and the potential for damage to
lands below would be increased accordingly.

The channel immediately below the spillway crest is largely cut in sandstone
and is free from obstructions. Further downstream the channel is not so well
defined. Improvements that were to be made in this area under the recent con-
tract for construction of the spillway were not made because of right-of-way
problems.

9. ASSESSMENT AND RECOMMENDATIONS.

a. The Emergency Spillway. Based on precipitation values in the
National Weather Service's Technical Paper No. 38 and the Bureau of Recla-
mation "Design of Small Dams," 2nd Edition, the dam, spillway and dike can
accommodate the probable maximum flood without overtopping the dam or dike.
However, the earthen spillway weir would erode under a spill caused by such an
event and release additional water to the flood plain below the dam. Water
that might enter the Home Supply Canal during a flood would also add to this
problem. Placing the canal in a siphon under the spillway sections, which has
been suggested, would contain the canal flow but would not prevent release of
water from the reservoir due to erosion of the crest. For this reason it is
recommended that the earthen spillway weir be replaced with an erosion-
resistant structure.

b. Embankments. The grade along the embankments is reasonably uniform
and at a minimum elevation of 5135.5 (gage 28.5). This height is sufficient
to contain the probable maximum flood with the present spillway without over-
topping.

Drains installed to control seepage and improve stability of the dike appear
to be functioning very well. Seepage from the Home Supply Canal into the
masonry lined conduit of the outlet works for Lonetree Dam should be checked
frequently during the next irrigation season. This can be done by closing the
gates to the outlet works and entering the conduit from the downstream end.
The inspection should be made with a full head flowing down the Home Supply
Canal. If any signs of piping are noted, consideration should be given to
lining the canal across Lonetree Dam. It is recommended that one or more
well-point piezometers be installed on the downstream side of the crest. The
level of the wate- surface in the piezometers should periodically be compared
to the reservoir level to assist in detection of possible increases of seepage
into or along the outlet conduit.

c. Maintenance. A protective grass cover should be established on
areas disturbed by recent construction.

The outlet gates should be inspected and tested by a qualified engineer. Con-
sideration should be given to installing a guard gate at the intake structure
to permit routine inspection and maintenance of the operating gate.
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d. Lonetree Dike. Because it is difficult to visualize the nature of
the damage that would be done if the dike should fail, it is recommended that
a survey and flood study be made to determine the areas that would be innun-
dated.

Procedures for making emergency repairs and for warning people below the dam
in the event of an impending emergency should be in writing. Key personnel
for carrying out this work should be properly trained along with adequate
back-up personnel to substitute for others who might not be available when
needed.
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APPENDIX A

INSPECTION CHECKLISTS

No. 1 Lonetree Dam

No. 2 Lonetree Dike
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PH/-\3E I

INSPECTION  CHECKLIST No. 1 

Consolidated Home Supply Ditch and
OWNER: Reservoir Company
DATE INSPECTED: 20 October 1978
WEATHER: Partly cloudy
TEMPERATURE: 75°F (24°C)
POOL ELEVATION: 7.0 gage (5114.0)**TYPE OF DAM: Concrete (gravity) TAILWATER ELEVATION: NA*See Checklist Number 2 for Lonetree Dike

NAME OF DAM: Lonetree Dam*
STATE: Colorado
COUNTY:Larimer
INVENTORY NO.: CO 01734
HAZARD CATEGORY: 1

DIRECTIONS: Mark an "X" in the YES or NO column.
If an item does not apply, write "NA" in the REMARKS column.

ITEM YES
1. CREST. . .

a. Any visual settlements?
_.. b. Misalignment*?
_ c. Cracking?_
2, UPSTREAM SLOPE.

a. AdecaJate grass cover?  
b„.Any_erosion?____ _
C. Are trees growing on sl2pe? 
d.. Longitudinal. cracks?___
e. Transverse cracks?
_f. Adequate.riprap.prolection?

g. Any stone deterioration?
h. Visual depressions or bulges? 
I. Visual settlements?

3. DOWNSTREAM SLOPE.
a. Adeluate grass cover?
b. Any erosion? .
c.. Are trees c.lrow.ing on slope?
d. Lomji_tudinal cracks?
e. Transverse cracks?_
11 Visual deprc-!ssions or bulges? 
g: Visual_settl.erments?
h. Is the toe drain dry?. _ ........ _

Are the relief welis flowing? 

j. Ar3 boils present at the toe? 
k. Is seepage present?

4. ABUTMENT CONTACTS.. .
a. Any erosion?
b. Visual differential movement? 
C. Any cracks
d. Is see_paae present?  

5. INTAKE STRUCTURE._ . _ _
a. Do concrete surfaces show:
._ (1) Spallino?

(2) Cracking?
_ (3) Erosion?
(41 Scalinc,_ . .

_ (5) Exposed reinforcement?
(Q.Other? _

b. Do the joints show: ._
(1.) Displacement or offset?

_ (2) _Loss of. joint material?
(3) Leakage?

REMARKS

_WA  
Not significant 
Not sigificant 
N/A  
N/A

M R 0 1 7/4"78 1690

N/A_None_provided
N/A None provided

Riffor'"—Feadown of shale r6ER--

-VEST very low (gage 7)
of—visible - un er ree ee

• •••••

roteet...4

O. W.f.

's77

\

-x-

(1) APPENDIX A

** MSL elevations based on spillway at 5132 as estimated from USGS Quad Sheet



HIM

piirtenariLw, •
(1) Coi;osion present?

(2) Breakage present.)

(3) Anchor system sncure?
6. CONDUIT.

a. Is the conduit concrete?
b. Do concrete sur1ace5 show: _

(1)Spa_lting_?

.._(2)_Crack.ing?_

.p) Erosion?

(4) Scaling?_ _ _ .
(5) Exposed reinforcement?  
(6) .Other?

C. Dn the joint:. show:
. (I) Displacement or offset.?
(2) Loss .of joint_TriaVrial?  
(2)..Leakage?

d. Is the conduit metal?
_ (1) Corrosion_preseni?

.(,21 Protective coatings adequate?
(3) Is the conduit misaligned?

7. SIR LING BASIN.
a Ds) concrete surfaces show:

ç2) Cracking?

(3) Erosion?. _
(4) Scaling?__

(5) Other'?

(6) Exposed reinforcement? 
b Do the Its show:

.(1) Disracerre:)t or offset?
(,2) Loss ot joint inat.'inal?
f3. . _

c Dc .the _Pnergy_ dissipltors._ show:_
Sig.ns of deterioration?

(2) Are they covered with debris?_
Other?

d. Is the channel.: . _
(1) Eroding or backcuttind?
12.1 Sl_ougning?

Obstruc;ted?
e. Is ielease,.: water:
_ (1.) Undercutting the outlet?  
(2) Eroding the_embankment? _

8. SPILLWAY. _
a. Does ryillway concrete Show:

k I) Spaihricy,_
(2 Crackma?
(3) Erosion?
(4) Scaling?

(!)) Other? .

(6) E\rosed roinforcement'?. _
b. Do the :cIints show:_ • •• • . .•
(I) Displacement or offset?
(2) Loss of joint material?
(3) Leakage?

i LS

.

NO

..... 7.

.........

IiLMAliKS

_. _. .._ _

Concrete and masonry (see Section 2
X Not visible - under water

:.. •
-.''..,

----

....,,„. ,
..

...,........s..,

-,-. ,

"..........

-3C— Aluminum
—1

1C -1

sTle-e-fing on wood invert
/masonry walls - initial: 35 feet

I Tof precast concrete pipe.
t Nbl visibTe-
*Wine proVide-d-
-N/A

'
,,..

N/A
riTA

III N/A
N/A
N/A

•WA

771'_7.1

• —1-W/A

,
N/A

--

117A

,7I
-,•:

-X--

N-/A
NVA

The channel discharges i n-fi3- Lake
7-0-it-Ch—C-a-ni1- -

., ..X,._..

----•
, .
-7.

•',

T,77 --4....

Ga_ge height -
No concrete provided

A
N/A
N/A
N/A- ---

  N/A _ _ _ _ . . . . . . _
N/A
N/A
N/A

(2) APPENDIX A



ITEM YES NO REMARKS____ --_
c,_Do_the energy dissipators show:

_Oleigps of deterioration?
(2) Are they covered with debris?

_N/A

N/A
_0) Other'?

X

,N.

SN '
d. Is the spillway earth cut? Mostly cut, some in rock, but

_ (1)_Are slopes eroding? ,
/part fin._ No spill -it would

_ __(2)1kre slopes sloughing?
.;..
-, /erode/erode !luring large spill_)

__ (3) Other?__
„,-, •t\,

e. Is the channel:

_ _j1) Eroding gr backcuttirA?_ ':''-', • No spill
_ _ A2LObstructed-?

f. Has released water:_ ._ 
_ _ (1)___Eroded_the embankment?

: ,
V,

(2LUndercut the outlet?:''

••••77,z,fr

-
s.,-..
,

-

_p_Oti? __ ..
_ Is weir in gpod codIL n ition? No weir provided-TWAT

h. Is control at the weir?_ .Aq
11&\1%.. N/A

). GATES. _
_ a, Are the flood gates: X

[1)___Broken or bent?. __ __  __ '''''‘ N/A
; o_A2) Corroded rusted?.  _ .  . . ,,,,,,,,,,,

.4...„,,,,.
•t 

0',:- N/A
_ _.(.)_ Periodically _maintained? VA

. (4)_Operational? N/A
p Date last operated. ._  _. _ . _

T
EVA

_ b. Is there a low leveLgate? - w24' 36 k 36"--East-fron gates
Is the low-level gate operational? lEi -Last operated 10 October 1978

i. RESERVOIR CONTROL.
_ a, Recent _upstream development? ;

.b. elides in teseNoir area?-- 

 _ ._ _.. . 
__.c:_chan_ge in reservoir o_peration?

_-d. Car_ge_impoun-dment upstream? X-,M-1-1-e-rtha Reservoir
i-:64sTRun-nENT -khoi4._ 

a. List .typeo) of instrumentation.

-;7'.
None provided

.b,In good condition?

- C.

——11 II

_ Read periodically?

-data
sN; _

--TT il

— d — . Is a‘,ailable?
- —ET

1(

Other coniments

Lynn A. Brown,_

ald L. Miller

See Checklist No. 2 for Lonetree Dike. Approximately 9300 acre-
feet are stored behind the concrete dam and an additional 2000 acre-feet are
stored below the outlet to the dam. This was a natural lake which has been
enlarged by building the supply canal embankment on the low side of the reservoir
which also serves as a dike to contain additional storage in the reservoir.

This darn was inspected by:

Ge rge B. Wallace, P.E. Principal Engineer, Bovay Engineers, Inc.,
/34tfrce..66,4_,‘„ Inspection Team Leader (Dams and Foundations)

Me vin A. Jabara, P.E. Consulting Engineer, Bovay Engineers,
(Spillways and Outlet Works)

Consulting Engineering Geologist, Bovay
Engineers, Inc., (Geology and Soils)

Consulting Hydrologist, Bovay Engineers, Inc.,
(Hydrology)

P.E.

—

Inc.,

( 3 ) Appendix A



NAME OF DMA: Lonetree Dike
STATE: Colorado
COUNTY: Larimer
INVENTORY NO.: CO 01734
HAZARD CATEGORY: 1
TYPE OF DAM: Earth

.P H

INSPECTION CHECKLIST No. 2

Consolidated Home Supply Ditch and
OWNER: Reservoir Company
DATE INSPECTED: ZO October 1978
WEATHER: Partly cloudy
TEMPERATURE:75°F (24°C)
POOL ELEVATION: 7.0 gage (5114.0)
TAILWATER ELEVATION: NA

DIRECTIONS: Mark an "X" in the YES or NO column
If an item does not apply, write "NA" in the REMARKS column.

1. CREST.
a._An_y visual sett
b. Misalignment?

_ c. Cracking?
UPSTREAM2.  SLOP
a. Adequate grass

...b.„.Any _erosion.?
_ ._c, Are trees.growi

d. Longitudinal cr
e. Transverse cra_

_ _f.. Adequate Opraj
g.1A-ny stone dete

depressi
i. Visual settlem

3. (56iAiNsi- Fi -Ani_
_ a. Adequate grass

6. Any erosion? .
_ C. Are trees grow.i

d-. Longitudinal .cr
e. iraw.werse cra_ _
f. Visual dep,c-ssi_ . _ . _
g_. Visual settlem
h. Is the toe drain_
i. Are the relief v

_ Are .boils prese
k. Is su_epage rrc

4. A- DUM-1ENT CON
a. Any erosion?
b. Visual different_
C.: Any cracks not
d. Is seepage pre

5. INTAKE STRUCT-.
a. Do conc.rete so

(1) Spalling?
(2) Cracking?

_ (3) Erosion? _
_ (4) Seating? _
_ (!) Exposed re'
_ T,) Other?

Do the joints s
(-1) -bisplaceme

_ (2) Loss of. joi
. (3) Leakage?

ITEM
7 .--,--:-- •

YES
- -,.' =...-

.---

NO
7 .7____.-,-

"7"

REMARKS
--=-=--,-,...=...,--=.-.7 ' - -7=

.77-_" .7.-_,=1-7,-_ _—:=,---7-=— —

. - ------ ---- -

ernents?

.---:. - . --- . --..,-- .. .--- - . - _ ."....,-, f-.77-= ..7

Embankment raised to elevation
_ 28.5 in March 1978.

'E.
; cover? .....„.....,

:s •
n_g on..!.‘.1ope? Some +6 inches in diameter -
acks? 

'Xi 
/several large trees (+12 inches)_ . _

:ks?  /just below slope in reservoir._
) protection? :  .

X

.  '.•111--

L .._.• 7--,--r-

- -----"T

See Section 2
rioration? NW N/A
ons or bulges? Undulations not to settlements
nts? ,

Jab&

7-On slides fie Section 2)
LOPE.
cover?
- ----- --------17X7
ng on slope? .____ . ___ _ .
a.ck.s.?._

[ X.
I'X' .
lir
nr-

At stations where embankment was
/raised there is no cover, however,
/large— rock Place-d on downstream __
/Slopes have prevented -erosion tb--
/date.

I
:ks?
ons_or bulges?
nts?
dry?._

'eiis flowing? 
__ _ __

nt at the toe? _._ ...
;wit') .
1 ACTS.

_ . 
-

fl:T;

owing about—One gpm+
---N-fic none provided—_

_ .._____
 

AbutmTrift are not well defined on
ial movement?

.,,,,,
/this dam.

ed?

----

.4.

.--See-CWetklist
.s. —
'...tt"r* -It-

-, •`.:. :
...

;•,-;.•...,---fr--
I*2

/RE.
rfaces show: tr No..—T---------------
-------- -----tr— --,----- It --t1---

Yr I

-
of orcement? -u- 1 If --n-
- -- ---- - ---- —.-.- -- -. --rr it --Tr--

how: --Tr a n a

nt or offset?..;'.,...„, II n n
it material? ,,,,,,,,; ii n II......_. ____

ii
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IF LM

i);rterian(;es?

(I) Cr -)i- i(...is:on present?

(.2)..preakage.present?
(3) Anchor system secure?

G. CONDUIT.

•Is the conduit concrete?

co;!crele surfaces show:

(1) Spoiling?

(..;rocking?

(31 Lrw,:ion?
(4).Scaling?_

5) Exposed reinforcement?
(6) .0ther?
_1.)o .tne 

(1) 1)1!Tlac.einent or offset?

(2) Loss 01 joint material? 

Le6i.co(Jo'?

d. is the c0nduit metal?  

(I) Corrosion_present?•• .•• ..•_•_____ __________•___•.•
• Protective coatings adequate?
3) Is the conduit misaligned? 

7.. STILLING BASIN.

a._ Do ccnciete. surfaces show: 

(1) Spoiling?

(2) Ciockipg?.__ _•_
(3) Erosion?.••.. . _•._ ________•_

:;caling?

15) °tiler'?

(c) xposed..re.inforcement?.._______
CY) Ow jointS Show:
11') 12 -,pia,:ement or_offset?

. 2 l_; of :Loint material?

. t)0 the .energy dissipators show:
...(1) Signs of deterioration?

• (2) Ar the.y_coyered_with  debris?
(3'; Ot:ler?

d. Is the channel:•. • • ___ _ • _ ••_______ 
(1)_Eroriing or backcuttIng?
(2) Sioughing?.....

•(3) Ubstiucted?. .
e. Is released water:_ •• •. • • .• •••
_ .(1.) Undercutting_ the outlet? 

(2) Lroding the embankment?
U. SPILLWAY.. . _ .

a Doe;:, !.nillway concrete  show: 
_ .(1.) Spatting?
_ (2) Cracking?

_ (3) Erosion?

_ (4). Scaling'

_p).._0.ther?

.•..(6) Exposed reinforcement?
I. Po tire jaunts show:

(1) olacurrient or offset?  
(2),I.sosr, of joint material? 

(3) _

Yi S NO

•

7777.,

V_

REMARKS

See Checklist No. 1
II II

II II II II

_

II II II II

UI II II II

II . II II II

II II II II

II II II II

II II II II

II II II II

II II Il II

II

II

II II It II

II II II II

II It II II

II It II II

II

II

II

II

II

II

II

II

II

•
. n ii II II

—"-71II II s II

S It II II II

II

II
— — -

II
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ITEM

c..Do the energy dissipators show:
11 Signs of deterioration?

YES
---- --------------
NO

.. -z-••
.. '4'

.. .. ---
REMARKS

- See Check11 s t__No1__ ___._ _ ___ —- .-- .-
II II ii II

(2) Are they covered with debris? .-:% --- ." II ii ii

_ (3) Other? ' ,
4, N " ii H II

-- d Is the spillwy earth cut? ii it ii ii
(1) Are slopes eroding? 1 • N '',

 n n Ii ii
__(2) Are slopes sloughing? i s.\\..-' ii it II II

(3) Other? n ii n
e. Is the channel: II II II II

__. (1) Eroding or backcutting? --,,, ,\:.• n n II II
. _ (2)_Obstrticted?

f. Has released water:_.

- ' II II II
-------- - - --- -

_(1)_Eroded the embankment? .'"
., .,...
.:', .:, ii II II II

A2) Undercut the outlet? :%N
:4

fi it ii ii

_ ._ _(3) Other? ii II II II

. _9: Is weir in gpod condition? ',;-
,4  

;L_ 

ii ii ii ii

h. Is control at the weir? n II H II

9. GATES. Ii ii it ii
._ a. Are the flood_gates:

—

n ii ii ii
_ (1)_Broken or bent? ii n Ii ii

(2) Corroded or rusted?
.,.......,
..:.-.

n II II II

_ (3) Periodically maintained?

f,'-''''

II II Il II

(4) Operational? ii n n ii

-__ (_.) Date last operated.
—r

ii II II II

. b. Is there a low level gate? n II II II

C. Is the low-level_gate operational?,NN,.-;.. ii ii it ii
10. RESERVOIR CONTROL. II II II II

a. Recent upstream development?

_ .

.

1

..:• ...;. ,

ii II H II

b. Slides ill leSell'Olf area?.._ _  _. . . . ... ..   _
_ c, Change in reservoir operation?

" ii ii n_ _
ii ii ii if_

d. Large impoundment upstream? L'.."., '' n ir_ .
11. INSTRUMENTATION. None_ a.. List type(s) of instrumentation.

provided--

b._In good condition? ,..n., _f\l/A

VA
._

Re— ad periodically?
• •.,...1„.:,

,,,,,..,... ,,...:
— c.- -• - - ---- -------• ---•

d. Is data available? _ __NI/A_

Other comments•

Approximately 3500 acre-feet are stored above toe of maximum
dike section (between gage 17.5 and 25.0).

This dam was inspected by:

George B. Wallace, P.E. Principal Engineer, Bovay Engineers, Inc.,
Inspection Team Leader (Dams and Foundations)

vin A. Jabara, P.E. Consulting Engineer, Bovay Engineers, Inc.,
-(Spillways and Outlets)

Lynn A. Brown, E.G., P.E. Consulting Engineering Geologist, Bovay
Engineers, Inc., (Geology and Soils)

paid L Mjller ' _ Consulting Hjdrologist, Bovay Engineers, Inc.,
/r4Afee-4,-/ (Hydrology)
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APPENDIX B

PHOTOGRAPHS

Photo No. 1 Upstream face of Lonetree Dam and Reservoir
extension V channel, 10/20/78

Photo No. 2 Downstream face and outlet for Lonetree Dam, 10/20/78

Photo No. 3 Outlet works for Lonetree Dam, 11/3/78

Photo No. 4 Lonetree Dike and Home Supply Canal, 10/20/78

Photo No. 5 Uncontrolled spillway, largely cut from shallow sandstone
bedrock, Lonetree Dam, 10/20/78

Photo No. 6 Spillway channel (Ryan Gulch) for Lonetree Dam, 10/20/78

Photo No. 7 Check structure in Home Supply Canal (River Ditch) at
Station 0+50, 10/20/78

Photo No. 8 Diversions from Home Supply Canal (River Ditch) to
Lonetree Reservoir, 10/20/78

Photo No. 9 Diversion dam on Big Thompson River and diversion for
Home Supply Canal, 10/20/78

Photo No. 10 Measuring for Home Supply Canal feeding Lonetree
Reservoir, 10/20/78
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Concrete structure was placed against Looking upstream rom top o sam. n ake
old masonry dam which is backed up structure is under water near branches in
with earth embankment as shown on foreground.
Plate 2, Appendix G

Concrete surface appear-
ed to be in good con-
dition. No serious
structural cracks were
observed. Metal house
protects gate hoists.
Vertical pipe extending
down from house con-
tains staff gage for
measuring elevation of
reservoir.

Photo No. I Upstream face of Lonetree Dam and Reservoir
extension V channel, 10/20/78



1

Downstream face of Lonetree Dam below metal gate house
resting on top of dam in background. Parshall flume in
foreground measures discharge from outlet into Lake
Ditch Canal.

New seven-foot-long aluminum transition
attached to a 60-foot-long, five-foot-
diameter 14-gauge corrugated aluminum
pipe extension to old 140-foot-long
masonry arch tunnel

Photo No. 2 Downstream face and outlet for Lonetree Dam, 10/20/78

I
I
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A._



Gate hoists operate two 24" x 36"
Armco slide gates

1P1-'

Masonry arch arch conduit 3'7' high,
5' wide, 140' long

Metal fins below sli e gate4mitr
improving flow characteristics

Corrugated a uminum ex enslon
5' diameter, 60' long, added to
masonry conduit in 1978

Photo No. 3 Outlet works for Lonetree Dam, 11/3/78
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Tile Ii ns under
embankment have
stabilized this old
marshy area

• .4111e—

Ali- 41

P

Maximum section--11
feet between crest
and downstream toe of
dam

• • '

Typical section of dike
which includes the Home
Supply Canal and its
banks and side slopes.
Base of trees on right
side of photo are below
high water line of
Lonetree reservoir.

Photo No. 4 Lonetree dike and Home Supply Canal, 10/20/78



Spillway is about 1150 feet in length. Sandstone crest
is about 950 feet wide. Elevation is 25.0 gage, 3.5
feet below crest of dike.

ore distant view of spillway cut. Note swale to left
of spillway. This is beginning of Ryan Gulch which
would carry spill to Big Thompson River.

Photo No. 5 Uncontrolled spillway, largely cut from shallow
sI ndstone bedrock, Lonetree Dam, 10/20/78



View from left side of spillway crest. Note house in flood
plain and Ryan Gulch Lake in background.

Ryan Gulch Lake would receive spill from Lonetree. Build-
ings in background are on outskirts of Loveland, Colorado.

Photo No. 6 Spillway channel (Ryan Gulch)
for Lonetree Dam, 10/20/78



Metal gate house sits on Lonetree Dam. Outlet from dam to
Lake Ditch Canal runs under Home Supply Canal. Crest of dam
runs from barrier wall on top of check structure to contour
28.5 on right abutment.

Concrete barrier wall was added to check structure to retain
water spilling from Lonetree Reservoir into the Home Supply
Canal. The barrier is 3.5 feet above spillway crest.

Photo No. 7 Check structure in Home Supply Canal
(River Ditch) at Station 0+50, 10/20/78



Looking from supply
canal to reservoir.
Note gentle slope
between canal
reservoir and water
surface.

,;4 ! . s.•it

t

Lower diversion struc-
ture at Station 31+50
is in spillway reach
as shown on Plate 5,
Appendix D

Upper diversion struc-
ture at Station 51+50.
This diversion will
handle 200 cfs. The
supply canal can carry
350 cfs. When it does
both diversion struc-
tures are used to fill
the reservoir.

Photo No. 8 Diversions from Home Supply Canal (River Ditch)
to Lonetree Reservoir, 10/20/78

Nor
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Masonry arch diversion dam
supplies water to Home Supply
Canal from right side of river.
Structure withstood the 1965
flood.

Intake for Home
Supply Canal.
Note wasteway
back to river in
foreground.

Photo No. 9 Diversion dam on Big Thompson River and

diversion for Home Supply Canal, 10/20/78

1



Parshall flume just below intake structure measures flow
going to Lonetree Reservoir

Parshall flume just downstream from Lonetree Dam measures
flow in Home Supply Canal going past Lonetree Reservoir.
Wasteway in front of flume can divert water to Lake Ditch
Canal.

Photo No. 10 Measuring for Home Supply Canal feeding
Lonetree Reservoir, 10/20/78



Plate 1

Plate 2

Plate 3

Plate 4

Plate 5

Plate 6

Plate 7

Plate 8

Plate 9

APPENDIX C

PLANS, SECTIONS, AND DETAILS

General Layout of Lonetree Reservoir, Dam, and Dike

Plan and Section of Lonetree Dam

Plan, Profile, and Section of Outlet Works for
Lonetree Dam

Plan and Profile: Stations 4+00 to 14+00; and Reservoir
Capacity Curve and Outlet Discharge Curve

Plan and Profile: Stations 23+00 to 50+00, and Spillway
Discharge Curve

Plan and Profile: Stations 50+00 to 68+00 (end)

Cross Sections for Lonetree Dike: Stations 2+00, 1+00,
2+67, 40+00, and 44+00

Cross Sections for Lonetree Dike: Stations 26+00, 28+00,
30+00, 32+00, 36+00, and 37+00

Plan and Cross Section of River Canal Control Structure
Showing New Barrier Wall

4
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Probable Maximum Flood Hydrograph Based on Technical
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Probable Maximum Thunderstorm Flood Hydrograph

Data Pertinent to Hydrologic Studies
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Flood
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Reservoir Storage Curve
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Listing of Card Input Data
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PROBABLE MAXIMUM FLOOD HYDROGRAPH BASED ON TECHNICAL PAPER NO. 40
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Data Pertinent to Procedures of "Design of Small Dams," 2nd Edition

1. Location: Larimer County, Colorado

a. West of 105° Meridian, east of Continental Divide, and below
8000-foot contour.

(1) Office of State Engineer Criteria direct use of precipitation
values from U.S. Weather Bureau Hydromet. Report No. 33.

(2) Procedures in "Design of Small Dams," 2nd Edition, for east
of 105° Meridian will be used.

b. Precipitation value from U.S. Weather Bureau Technical Paper No. 40,
"Probable Maximum 6-Hour Precipitation for 10 square miles," gives
same values as Hydromet. Report 33 and covers subject watershed.

(1) For Lonetree Dam, T.P. 40 indicates 21.5 inches as PMP, 6-Hour,
10 square miles.

c. Criteria of office of State Engineer require evaluation of Probable
Maximum Thunderstorm Flood by Design of Small Dams," 2nd Edition,
procedures for watersheds west of 105' Meridian.

(1) Location is in Zone III, Figure 20, p. 53, DSD, 2nd Ed.

(2) Probable Maximum 1-hour Point Rainfall is 12.0 inches.
(Figure 20, DSD, 2nd Ed.)

2. Drainage Area: 6.0 square miles

3. Estimate of Rainfall Runoff

a. Soils: Clay barns, barns and rock outcrops

b. "Soil Survey Map, Fort Collins area, Series 1927, No. 27, indicates
B and D soil groups. Group C would be representative." Statement
from files of office of State Engineer.

c. Estimate of Curve Number AMC II

Land
Use 1/

Hydrologic
Condition

% of
Area 1/

CN for
Group C 2/

Wtd
CN

Row crop, SR Good 10 85 8.5
Small grain, SR Good 45 83 37.4
Pasture Fair 25 79 19.8
Fallow, SR 20 91 18.2

83.9 Use 84

1/ From 1974 study by Bruns, Inc., Longmont Colorado
2/ Accepted as applicable from Field Inspection 20 October 1978

d. Minimum loss rate: 0.12 inch/hour
Plate 6, Sheet 1-Appendix D

BOVAY ENGINEERS, INC.



3. Estimate of Rainfall Runoff (Continued)

e. Thunderstorm Runoff Curve Number 75. Minimum loss rate 0.03 inch per
15 minutes. (Table A-9, p. 544, DSD, 2nd ed, grass, less than
50 percent cover density.)

4. Time of Concentration. (Figure 30, p. 71, DSD, 2nd ed.)

a. Length of longest watercourse from head of reservoir to divide:
L = 3.7 miles

b. Elevation difference: H = 5,800 - 5,130, H = 670 feet

0.385_

c. T -

c

-

11.9(L)3 
H

-

T
c 
= 0.96 hr

5. Unitgraph Data (Figure 29, page 69)

D = time interval

T = time to peak of hydrograph
P

T
b 
= base time of hydrograph

Q . peak discharge for 1 inch of runoff
P

a. For most intense 6-hour period of rain, use 1/2-hour unitgraph

T = -
.
+ 
0' 
6 T T -  

2 
0.5 

+ 0.6 (0.96) T = 0.83 hrpp 2 c P
Use T = 0.8 hr.T

b 
= 2.67 T T

b 
= 2.14 hr P

P

. (484) AQ (484)(6.0)(1.0) Q Q _   Q = 3,630 cfsP T
p P 0.8 P

b. For 2nd 6-hour period, use 6-hour unitgraph

6
T = = + 0.6 T T = 3.58 hrcP 2 P

T
b 
= 2.67 T T

b 
= 9.56 hr

P

Q
P

_
3.58

(484)(6.0)(1.0) 
Q = 811 cfs
P

Plate 6, Sheet 2-Appendix D

BOVAY ENGINEERS, INC.



5. Unitgraph Data (continued)

c. For thunderstorm, use 15-minute unitgraph

0.25 
+ 0.6 T T = 0.70 hr

2 c

T
b 
= 2.67 T T

b 
= 1.87 hr

(484)(6.0)(1.0) 
0.70 

= 4,149 cfs

(Prepared for Boyay Engineers, Inc., by
Donald L. Miller, Consulting Hydrologist)

Plate 6, Sheet 3-Appendix D

BOVAY ENGINEERS, INC.



NEI MIN EN NM NEI 1111 NB NB EN En NM MO 111111 MN all 111111 11111

LONE TREE DAM
Probable Maximum Precipitation

U.S. Weather Bureau Technical Paper No. 40

Dam Location: Larimer County, Colorado. Lat. 400 20' 37" N, Long. 105° 07' 30" W
Probable Maximum 6-hour 10-square-mile precipitation is 21.5 inches
Area is in Zone 4, Design of Small Dams, 2nd Ed. Figure 15, p. 48
Drainage Area: 6.0 square miles

Probable Maximum Precipitation Extension (Fig. 16, p. 49, DSD, 2nd Ed.

Time, hours 6 12 24 48
% of 6-hr, 10 sq. mi. precip. 100 111 118 126
Total PMP 21.5 23.9 25.4 27.1
Adjustment for storm fit. (0.8)

(p. 48, DSD, 2nd ed) 17.2 19.1 20.3 21.7

% of PMP Arranged PMP 2/ Direct Runoff 3/ Increm. Increm. Unitgraph Increm.  Plotting Table
Time 6-hour   loss runoff peak runoff Begin Peak EndAccum. Increm. Increm. Accum. Accum. Increm.Hours rain lj 

P, inch P, inch P, inch P, inch inch Inch 
inch inch cfs peak, cfs hour hour hour

73
5.5 0.64 3,630 2,323 5.0 5.8 7.14a,

(-I- 6.0 100 17.2 1.4 1.4 17.2 14.93 1.28 0.12 0.64 3,630 2,323 5.5 6.3 7.64m

0.5 0.18 3,630 653 o 0.8 2.14
1.0 49 8.4 8.4 1.4 1.4 0.36 0.36 1.04 0.18 3,630 653 0.5 1.3 2.64
1.5 0.54 3,630 1,960 1.0 1.8 3.14
2.0 64 11.0 2.6 1.5 2.9 1.44 1.08 0.42 0.54 3,630 1,960 1.5 2.3 3.64
2.5 0.82 3,630 2,977 2.0 2.8 4.14
3.0 75 12.9 1.9 1.9 4.8 3.09 1.65 0.25 0.83 3,630 2,977 2.5 3.3 4.64
3.5 4.04 3,630 14,665 3.0 3.8 5.14
4.0 84 14.4 1.5 8.4 13.2 11.17 8.08 0.32 4.04 3,630 14,665 3.5 4.3 5.64
4.5 1.24 3,630 4,501 4.0 4.8 6.14
5.0 92 15.8 1.4 2.6 1.8 13.65 2.48 0.12 4/ 1.24 3,630 4,501 4.5 5.3 6.64

12.0 19.1 1.9 1.9 19.1 16.11 1.18 0.72 1.18 811 957 6.0 9.58 15.56

1/ Curve Zone C, Fig. 18, p. 51, Design of Small Dams, 2nd Ed.73 -
ID 2/ Design of Small Dams, 2nd ed., p. 76, Example 1, 3c.

CN 84, minimum loss rate 0.12 inch per hour-
-. 4/ Minimum loss rate applies.- (Prepared for Bovay Engineers, Inc., by
CD Donald L. Miller, Consultinn Hydrologist)
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111111 1111111 NE NMI NB EMI 11111 11111 NMI MN mus Num MIMI MIMS

LONE TREE DAM

Probable Maximum Thunderstorm - Design of Small Dams, 2nd Ed.
PMTS 1-hour, point rainfall = 12.0 inches. (Figure 20, p. 53, DSD, 2nd edition)

Area Adjustment = 0.92 1-hour, 6.0 sq. mi. rain - 11.0 inches (Fig. 21)

PMTS Arranged P 2/ Direct Runoff 3/ Plotting Table 5/% of Increm. Increm.
Time 1-hour Accum. Increm. Increm. Accum. Accum. Increm. loss peak 4/ Begin Peak End
hour rain 1/ P, inch P, inch P, inch P, inch inch inch inch cfs hour hour hour

0.25 48 5.28 5.28 1.32 1.32 0.11 0.11 1.21 456 0 0.70 1.87
0.50 71 7.81 2.53 1.87 3.19 1.09 0.99 0.89 4,108 0.25 0.95 2.12
0.75 88 9.68 1.87 2.53 5.72 3.04 1.95 0.58 8,090 0.50 1.20 2.37
1.00 100 11.00 1.32 5.28 11.00 7.81 4.77 0.51 19,791 0.75 1.45 2.62
1.25 110 12.10 1.10 1.10 12.10 8.85 1.04 0.06 4,315 1.00 1.70 2.87
1.50 117 12.87 0.77 0.77 12.87 9.58 0.73 0.04 3,029 1.25 1.95 3.12
1.75 122 13.42 0.55 0.55 13.42 10.10 0.52 0.03 6/ 2,157 1.50 2.20 3.37
2.00 126 13.86 0.44 0.44 13.86 10.51 0.41 0.03 1,701 1.75 2.45 3.62
2.25 129 14.19 0.33 0.33 14.19 10.81 0.30 0.03 1,245 2.00 2.70 3.87
2.50 131.5 14.47 0.28 0.28 14.47 11.06 0.25 0.03 1,037 2.25 2.95 4.12
2.75 133 14.63 0.16 0.16 14.63 11.19 0.13 0.03 539 2.50 3.20 4.37
3.00 134 14.74 0.11 0.11 14.74 11.27 0.08 0.03 332 2.75 3.45 4.62

1/ Table 2, p. 52, DSD, 2nd ed., values for Zone III.
2/ Table A-8, Appendix A, and page 87, DSD, 2nd Ed.
3/ CN 75, minimum loss rate 0.03 inch per 15 minutes.
4/ 0.25-hour unitgraph peak of 4,149 cfs times incremental runoff, inches
5/ T = 0.70 hour

' 
T
b 
= 1.87 hour.

77 P
6/ Minimum loss rate applies.-

CD

epared for Bovay Engineers, Inc., by
Donald L. Miller, Consulting Hydrologist)
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EN MIN Nil 11111 NM IMO MN NM MN EN NMI MIN 11111 MN MI NM 111111 MIN

LONETREE DAM
SPILLWAY

ROUTING OF ONE-HALF PROBABLE MAXIMUM FLOOD
a
 
x 
p
u
a
d
d
v
 
-
 

Time
Hours

Inflow
CFS

Avg.
Inflow
CFS

Inflow
AF

Discharge
CFS

Total
Storage

To Above
Discharge Storage Spwy Crest

AF AF AF

Res. W.S.
Gage Ht.
Feet

0 0 0 25.0100 4.1 22 .9 3.2 3.2 25.02.50 200
335 13.9 24 1.0 12.9 16.1 25.031.00 470
745 31.0 50 2.0 29.0 45.1 25.081.50 1,020

1,320 55.0 180 7.0 48.0 93.1 25.182.00 1,620
1,925 80.2 390 16.2 64.0 157.1 25.32.50 2,230
2,475 103.1 725 30.2 72.9 230.0 25.453.00 2,720
3,765 78.4 980 20.4 58.0 288.0 25.553.25 4,810
5,650 117.7 1,500 31.2 86.5 374.5 25.733.50 6,490
8,390 174.7 2,300 47.9 126.8 501.3 25.973.75 10,290
10,905 227.1 3,440 71.6 155.5 656.8 26.274.00 11,520
12,110 252.2 4,730 98.5 153.7 810.5 26.574.25 12,700
11,955 249.0 5,800 120.8 128.2 938.7 26.84.50 11,210
10,430 217.2 6,660 138.7 78.5 1,017.2 26.974.75 9,650
8,570 178.5 6,970 145.2 33.3 1,050.5 27.035.00 7,490 Reservoir Begins to Recede
6,735 140.3 Max Q = 6970 cfs

5.25 5,980 Max Res. W.S. Elev. Gage 27.03
5,195 108.2

(Prepared for Bovay Engineers, Inc., by
Melvin A. Jabara, P.E., Consulting Engineer)

•



NM EN MI 111111 NM MI MN MI MI 11111 MEI MINI EN 111111 111111 111111 111111

LONETREE DAM
SPILLWAY

ROUTING OF PROBABLE MAXIMUM THUNDERSTORM FLOOD

Time
Hours

Inflow
CFS

Avg.
Inflow
CFS

Inflow
AF

Discharge
CFS

Total
Storage

To Above
Discharge Storage Spwy Crest

AF AF AF

Res. W.S.
Gage Ht.
Feet

0 0 0 25.0
75 1.5 20 .4 1.1 1.1 25.01

.25 150
985 20.5 35 .7 19.8 20.9 25.06

.50 1,820
4,035 84.0 250 5.2 78.8 99.7 25.2

.75 6,250
11,415 237.8 1,120 23.3 214.5 314.2 25.62

1.00 16,580
21,690 451.8 3,750 78.1 373.7 687.9 26.35

1.25 26,800
29,150 607.2 7,850 163.5 443.7 1131.6 27.2

1.50 31,500
29,445 613.4 11,950 248.9 364.5 1496.1 27.9

1.75 27,390
24,585 512.1 14,400 300.0 212.1 1708.2 28.27

2.00 21,780
18,565 386.7 15,100 314.5 72.2 1780.4 28.4

2.25 15,350 Reservoir Begins to Recede
12,405 258.4 Max Q = 15,100 cfs

2.50 9,460 Max Res. W.S. Elev. Gage 28.4
c-f- 7,700 160.4

2.75 5,940
1,3 5,140 107.0

3.00 4,340

77 (Prepared for Bovay Engineers, Inc.,
ID
CD by Melvin A. Jabara, P.E.,
0L Consulting Engineer)
=



***********************************************************************************************************************

HYDROLOGIC ANALYSIS nF DAMS- CLARON KOONTZ, USCE KCO, PHCNE P16-374-3651 nR P-758-3651 (FTS) PROGRAM DATE 1AUG78
***********************************************************************************************************************

******************** LISTING OF CAkD INPUT DATA ******************** PAGE

BEGIN JnB
HYDROLOGIC ANALYSIS OF LONETREE DAM,LARIMER CCUNTY,COLCRADD
IDENTIFICATION NUMBEk CO 01734,POVAY ENGINEERS JOB NO. lt72-00C,FEB.1979

SUPPLEMENT TO 0PHASE 1 INSPECTION PEPORT,NATILNAL DAM SAFETY PROGRAM

LONETPEE OAM,OCTOBER,1978
FnR THE STATE nF COLORADn AND U.S.ARMY CORPS OF ENGINEERSIGMAHA DISTRICT

0.25 6.0 5132.0 80 80
SNYDEPtS UNIT HYDPOGRAPH DATA

3.67 1.52 0.g1 6.0 0.32 47 28.5
PMP sTrRm DATA

100.0 202.4 212.0 12.5 O.
ADD IN HYDROGRAPH OF 300CFS(BASE FLOW)

1

300 300 300 300 300 300 300 300 300 300

300 I. 300 300 300 300 300 300 300 300

300 300 300 300 300 300 300 3C0 30C 300

300 300 300 300 300 I I. 300 300 300

300 300 300 300 300 
i0 

300 300 300 300

300 300 300 300 300 30L 300 300 300

300 300 300 300 300 300 300 300 30C 300

300 300 300 300 300 300 30C 300 300 300

ELEVATION/CAPACITY IN 4CRF-FEET
4.0 21

5131.g 0 5132.5 5C) t133.0 50u
5134.5 1275 5135.0 1550 t135.5 18?5

t3tilib3
5137.0 2625 5137.5 2900 513'i.0 

°513q.5 3Q38 5140.0 4200 5140.5
5142.0 9250

SPILLWAY RATING BY BRGAP-CRESTED WEIR FORPULA2.63
3.0 5132.0 950 10

TOP OF DAM RATING BY '• a, WEIR FCR%Li)3
3.0 5135.5 7265 40

NO OUTLET RATING
0.0

9E_G-1/1_,W,B 

Listing of Card Input Data

5133.5
5136.0
5118.5
5141.0

7tJ 5134.0
21C0 5136.5
3412 513q.0
4725 5141.5

3.0

1025
2350
3675
1088

0.03 2.63

(Corps of Engineers Program No. 723-C1-410
Input by J. E. Lloyd,. P..E.,.Bovay Engineers, Inc.)
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• • • • • 6
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70.000.00 80.J020.00 30.0C 40.0010.00 tC.J0
TIME IN HCUPS 

50.00

***********************************************************************************************************************
TOTAL (COMBINF0) INFLOW HYDROGRAPH FOR LAKE ROUTING (Corps of Engineers Program No. 723-C1-410

Input by J. E. Lloyd, P.E., Bovay Engineers, Inc.)HYDROLOGIC ANALYSIS OF LCNETREE DAMPLARIMIR CCWITY,COLOkADO

Inflow Probable Maximum Flood Hydrograph Based on TP 38
Plate 14 - Appendix 0



DAM INSPECTION HYDROLOGIC ANALYSIS - SOMmARY TA8LE
**************************************************************sm*************************

****************************

HYDROLOGIC ANALYSIS OF LnNETREE DAM,LARImFR COUNTY,COEM.ADO

IDENTIFICATION NUMBER cn 01734,80VAY ENGINEERS JOB NC. 1672-COC,F
EB.1979

SUPPLEMENT TO *PHASE 1 INSPECTION REPORT,NATIONAL DAM SAF-FTY P
ROGRAM

LONFTRFF DAmpOCTOBER,1978

FOR THE STATE OF COLORADO AND U.S.ARMY CORPS OF ENGINEERSpOmAHA DISTRICT

SYNOERS .250 HOUR UNIT HYDRi1GRAPH DATA AND PARAMETERS

DURATION DA L ECA CP CT cP TP w50 w75 UNIT WIL

HOURS SO-MI MILES MILES C.F.S HCO0S HCURS HOURS AC-FT

.250 6.00 3.67 1.5? .810 .320 5418.2 .34 .3f) .2? 320.00

PROBABLE MAXIMUM STORM PRECIPITATION AND PutuF CHARACTIPISTTCS

PMP RAIN DISTRIBUTION IN PERCENT LF Pmp INT-1ES INF--RATt

INDEX FACTOR 6-HR 1?-HR 18-HR 24-HR INCHFS INCH/HR

12.50 .800 100.00 202.40 207.96 212.00 0.00 .12

VOLUME IN INcHrS
RAIN LOSS EXCESS
21.20 2.40 18.80

  LAKE INfinw HYDRCGRAPH 0RDINATEi  

PROBABLE MAXIMUM FLOOD PLUS L)CAL HYrAGGRAPH ORDINATES IN CFS AT .250 HOOP INTERVALS BEGINNING AT ZERO TIME

300.0 300.0 300.0 300.0 300.0 300.0 30C.0 300.0 300.0 3C0.0 300.0 300.0

300.0 300.0 300.0 300.0 300.0 300.0 3CC.C. 300.0 300.0 300.0 300.0 300.0

300.0 666.2 1484.0 1709.2 2378.4 '822.8 3417.7 4062.5 5?39.4 8099.0 15643.1 17961.0

14943.9 12949.1 11326.3 9314.7 6901.3 5262.0 41.15.3 408,).1 36?2.3 3146.8 3203.2 3032.0

2811.2 3202.3 4236.1 4916.) 5415.6 5807.0 609C.) 6241.3 6288.6 6288.6 6288.6 6288.6

6288.6 6288.6 6288.6 6288.6 t288.6 6288.6 6288.6 628.6 62m8.6 6288.6 6288.6 6288.6

6288.6 5662.? 3837.1 2644.0 1779.9 1113.5 644.7 373.5 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 C.0 1.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.1 9.0 1.0 0.0

  LAKE AND DAM panPmATIIN  

BEGINNING CUTLET BOTTOM SPILLWAY SPILL6AY TOP OF LA 4 TOP OF DAM HEIGHT DOWNSTREAM N-VALVE COEF CF

POOL ELFV INVERT OF LAKE CPEST CREST WIDTH ELFVAT ION LENGTH OF DAM StnPE ON DS FLOW

FT,MSL FT,MSL FT,MSL FT,MSL FEET IT,MSL FEET FEET OF DAM SLOPE OVER DAM

5117.00 0.00 5131.90 5111.00 950.0 5135.50 7?65.0 1.6 1V ON 3.0014 .030 2.63

ROUTING
NUMBER

PERCENT
OF LAKE
INFLOW

HYDROGPAPH

SUMMARY OF FLOGO ROUTINGS CF INFLOW HYDRCGPAPh THPOUGH T‘41 LAKE

TOTAL MAXIMUM DEPTH CU ESTImATEL INITIAL TOTAL VOLUME

INFLOW LAKE LAKE OVER VELOCITIES TIME TO TIME SPILLED

VOLUME ELEVATION TOP Cr DAM CPrST inc._ ovER TOP ovEk DAM ovEp DAM

AC-FT F TrVSL FEET FPS FPS HOUR HnuRs Ac-FT

MAxIMUM
DISCHARGE
FROM DAM

CFS

1 100.0 6512. 5114.45 -1.05 0.00 C.0C 0.00 0.00 0.0 9733.0

(Corps of Engineers Program No. 723-C1-410

Summary of Hydrologic Analyses Based on TP 38 Input by J. E. Lloyd, P.E., Bovay Engineers, Inc.)
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Plate 1

APPENDIX E

CORRESPONDENCE

Letter dated November 19, 1973, from State Engineer
C. J. Kuiper to W. R. Keirnes, Consolidated Home
Supply and Ditch Company

Plate 2 Letter dated March 6, 1978, and attached report from
Ken Dickey, P.E., Bruns Incorporated, to Division of
Water Resources, Department of Natural Resources

BOVAY ENGINEERS, INC.



Novemlper 19, 1073

Mr. W. IR. Kelt-nes,
Consolidatoci Home tupply'

and . Ditch Company

Star .Route , Box 450
Loveland, CO 80537

Ret Lenetroe Resc.-.rvoir .Dam

S4 'I: T4t1,, R69W.;• 6PNI
D.

Door uir. oirnes:

you'aro av,,aro, tinemi:y.,::r our Dams and Reservoir Sranc,11 inspected

Lonetree Dam with yc,k,i in prU. of.thiA year. The Inspection waq made

In accordance with chapter 14q75-7 of the Colorado Revised, ,!Statutes

1063, as iyniended. The 'eta tuNa roads, "The statzi;rng in3er 3h 11 annually

determine the artiount of 'water 'which it 13 3471 f0 to impound in the several

reservoirs within this Gte to anl it shall bo un1aw1:u1 1.'or the ov,rner.,3. Of

any reservoir to ritoro in '3,711.d roserveir water in excess of the anount

determined by the state engineer to be safe".

The inspection revecileri that. the (thrn,doen not meet: our rer;tiiremont.3 for

safe st,...wage. The major defic.:ic:nc:y,i . the lack. Of adequate fraeboarci at

the normal opf..lratirtg kv i utiv.). reservoir. 'llreeboard is the distance

'1)etween the maximum po'ssible ressrvoirievE..,1 amid the crest of tho !!:4truc-

• tureis that contain dr) rov,orvoil.

Related to this freeboard is the need for an emergency splflway. tt

appezired that water could b.,.t run out via the ditch which paral101s the

reservoir on the north side. The amount of .water released, of course, is

controllod by the ciapa'c.ity o
.
f lila ditch. You indfcated that the reservoir

cou0 zliso.spill.on•the north aide, of, the roc ervoi.r.. near the .can4'euet.

It appeared that this would occur with only I foot of freeboard at the north-

east oiitlet

The provision for ensuring that a structure has adequate freeboard is con-

trolled by requiring that all dams have an adequate emergency spillway

Plate 1-Appendix E . -



it. Keirnes -2- Iot.tonthor .P.73

.with t Luu 5 foot cf it 'there art Instances whore loqq free-
bottrci is ;illowed, but it rilitt bt) ri;hown that no advorso conclitions .could
occur:,

13actitmo tho darri do.EIS riot have suffictent•Iroeboard, we are 'hereby ,
:.Testrictin.g ..the, torgo 1n the. restii-voi0oa. level Ivh ich is .5 feet .balow
the top of the 6oncrete hiadwall the..outl,at. This should be tt.
approximately gago•214 feet and provide 4 to 5 i!qat of reservoir freeboard
at the north dike.

Chapter 140-5-5 of the ritatuteri relates, No reservoir of a capacity of
rnor6 than 1,000 acre-feet or having a dam cr embankment in excess of
10 foot in vertical hol.(7ht cr having a surface nrea at high wat.7.,,r litv! In
excess of 20 acre !Awl! hereafter be constructed in this state except that
the plant; and specification:3 9hDll have first boriapprow:c! by the state
ongine,lr.,5n.d . fileAd Iii hl!I (),:f . The ;*,t.tcrn,r)r Cen(!ral has *,-3(termined

the,,ita cute applies to the.i!, rope.iir and maintenance of dams, in the inter7
,c1st cl public .!.afaty,e,

•

in order 1.o .ciet- the ror,;trL t i rf.!irr:Co!crl': , mid be ribl!. to r;iorn your full
r1ecr6,-.1 amount of .1.:iara, the ''..c.-1.10.k,r1Y.T nooW3 to be cno:

Ye:iu .:dtcu)el, no.qatle ong 1.3or in the ;

CoJora.do to propare •rostor-atictA tht:, •, the
richevati.c.n ofthe:d6r.,:i ,prcy,t1141pn.emercr.gicv,spOlway:capable of

the c2rid, have a freebcard of at
lonst...5 feet.. Spilltaivy onerorlt..h. .),::n the freebnar,1 up to the
crest of the darn.

.Vc:frur engineer should'ru'ef.,:ir: [A lan3 an,.1 t;pocifleationg
'with our "?..\,Inual of Pules and 1),,..n3ulations", which is enclose:i.

c‘11.,k,,.fct.4

..„.
You mono.on, a ontictit .c.c..u.ctur4". in 1950 lnds l.q59
vas:done.'wit 11, the •ap:',.)1 ..::Y11.,-,31. ot tho '6410te engin eik!):r but we ..,do riot find
any record of it.- ndiplans !: we normally rerlwast
that tilt) owner provid, us,With cl,Dtalled plans c,f the ;Juin end it a ppurtenancos;
to aid us In the uriailiancci of the dam' in ar cordance with 11;:i lutes „

If you have documents Or ci:,..:pir.!.13 Of pliaro; ;.:p;“.! cn any part
c he cf.,:un that have the utaIn en(jmneer'3 aTiprovaI, we would appreciate
(jetting a copy of

it wGu1d.l.-)e very detiira.biu if, the engineer ',would triVestigate any exthting
portion 'or the darn zrn.ui appurtenances that will be an intagral part of the
Impounding featur.-.1!; , Lo dormine their ccndition. If. they are found
unz:tc...coptable, they shc.1.11,1 aho be rfmovated to on acceptable condition.

•



\fk. a r •••• 1'1 r ,

1

'1.12ct fklol.pinn c)F: thi?
in ti our rilcaluzil

theso ar roprt::.3ritaiiiicr oL tii.c d o

It 1,,,3 tho interim the ros'icvotr ti r.actrict.21
to a loNrcil 5 foot bcifyiv U.K.) co.rtcreto how:11,7,71U at the rictrtheast outlqt:
vvorle,;;. f.n. ccord V1 h attleto, thr, own:ns
to carry ,::)ut th1i rostricLien of rf2c::-?,1pt of writton.

11.111::!? 1.).11 or (7:chin; I r:91.c.nor, who will
be not.ific<1 by n copy i lottor .

If you 1., r,ri? any :3cnrAch.

EI f"t,, tru 111; lir f'.)!. ,

t,r2; t. !..

I (Furnished by State of Colorado)



March 6, 1978

Division of Water Resources
Department of Natural Resources
1313 Sherman Street; Room 818
Denver, Colorado 80203

I NCOP PORATED

RE: Consolidated Home Supply Ditch and Reservoir Company;
Repairs to Lonetree Dam.

Dear Sir:

The work as set forth in the revised Specifications as prepared by
Bruns Incorporated under their job 82-1671-2 regarding the subject
dam was completed under my supervision and inspection.

The flood control gates in the Home Supply ditch near the outlet
of the reservoir or the syphon, to replace the open ditch to the
cross property, are not included in this contract.

The work was completed as specified in a very satisfactory and work-
man-like manner.

The contractor had excellent personnel and good equipment. The job
superintendent was anxious to do a good job and was eager to comply
with my requests.

Attached hereto, for your convenience, is a report that I prepared
at the conclusion of the job.

KD:skb
Enclosures

Very truly you

4

Ken Dickey-P.E.

(Furnished by State of Colorado)

Plate 2-Appendix E
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CONSOLIDATED HOME alPPLY DtrCH AND !,;IkVolli COMPANY
Repairs on Lonetr-e Reservnir Dam

In order to mqet safety requirements as set forth in
the Federal Safety of Dams Law it was necessay that certain
work be performed at Lonetree Reservoir.

Inspections were performed by personnel of the Dams
Section of the State Engineer's Office, determining in their
judgement, the work required to update the facilities to meet
todays standards as set forth under the Federal Law. This
must be completed regardless of cost or the storage will be
reduced to store the flood water in case of a flood. This
work included the construction of a spillway in the vicinity
of the east inlet check structure to the reservoir and
automatic flood control gates to be installed in the check
structure of the Home Supply Ditch located at the Reservoir
outlet works. The gates are to be float operated to control
the flow in the ditch beyond this point in case a flood of
this magnitude should occur. A siphon to replace the open
ditch to the Cross property will be installed at a later date.
Neither the flood control gates or the sichon is included in
this contract.

The work in this contract includes clearing and grubbing
trees and stump removal, stripping spillway and fill areas,
stripping toe and back slope of dam, installation of a toe
drain, concrete barrier wall and excavation and. rill.

All phases of the engineering were performed by Bruns
Incorporated, 103.5 Coffman St., Longmont, Colo. 80501.

Notice for invation to bid the above work was published
in the local news papers on Oct. 11, 1977, with bid opening
to be in the Bruns office at 11:00 A. M. on Oct. 21.

Five bids were received with the hid being awarded. to
Frontier of Hygene, Colo. 805. 3, on Nov. 1.

The Contractor started work on Nov. 14. The first work
started was clearing and grubbing of trees and stump removal
along the north toe or the dam west of Station 34400. After
the stump removal all areas were stripped including the sod
within the spillway. When the cattails were removed it was
found that tIle origional excavntion, yenrs ago, had been, to
shale bedrock. This condition existed to about 400 feet from
the west end of the cattrtil area, whore top soil was encountered
over the Shale. Also, seepage in this area was evident from
the dam and from the field to the north. Thus it was necessary



to install two one and one half inch cru:Thed rock drains,
one to the north eclge of the cattail area and one along the
toe of the dam. They were joined at the east end to form
one drain leading into the 6" PVC pipe drain. The double
crushed rock drain was not anticipated during the investig-
ations and thus the over run of the estimated cost. The
area between the two drains was filled with shale placed in
8" to 12" lifts and equipment rolled for compaction. • This
should be considered a semi-pervious. material that will per-
mit seepage 'between the two drains. Loose shale fill was
placed about three feet thick over the drains berore equip-
ment was permitted to pass over them to eliminatd damlge.
Beginning -at station 7)4+00, a 6" PVC pire toe drain embed-
ded in a 3' x 3' trench filled with three quarter inch crushed
rock was installed to about station 4:3+50, the location of the
existing 6" drain to the pond to the noth. The 6" toe drain
pipe was attached to this pipe to assure. drainage. The 6"
PVC toe drqin pipe coming from the west was attached to the
west 6" drain pApe, station 43+70‘ leadinp: to the pond. A
1.i" crushed rock drain connects the two 6" PVC toe drain pipes
to assure dralnare if either of .the pi!es going- to the pond
should become plurTe(1. f',ee attached drawing for the location
of these drains. With this work completed the entire area
west • of station 35+50, from the darn to the north property
fence to station 50+_00 becnme*availabie of the disposal of the
excavated material from the spillway cut.

The area from station 29+50 to st'ition 35+50 was prepared
for comracted fill, since it is part of the overflow section
of the spillway. This work consisted of stripping all humus
material, scarifying the origional ground surface and wetting
prior to the placement of fill material. The northwest section
of the spillway area contained suitable ImperVious material for
compacted fill. This material was bone dry and required much
wetting and scarificaton while being placed. Lifts were 6" to 9"
thick placed in a horizontal plane and compacted by a double
drum 51 x 5' sh6eps foot rollerpulled by a D-8 Cat. equipped
with a FIcarifier. Due . to the extreme dryness or the material
some laminations in the moisture conditions may exist. This
should not be seri() - tlince the ma mum fill in /1 very small
area Is less thal The rest of the fill will vary from 31
to 0'. Due to ti nlnimum amount of rill and the shallow depth,
soil an.lylysis and ,)!)timum moisture was not determined in the
I aboratory. r,omrIction was achieved by experienee and .visual
Inspection.. Pc) :.ettlement is expected, and the area should
grass w-er i :;hort time .to form a non-erosive surfac.

While tHis work was progressing the dam between the Home
Supply Ditcl- •!)!i the Heservoir was lowerrd to 01e7ltion 25.

yid



Since the cut to the w(‘st of the check structure was minimal
the material was used to flatten the south slope of the dam.
It was not necessary to disturb the orliOonal ril:rap in this
area, since it was below elevatiOn 25. When elevation 25
was reached shale material was placed on the .dam slope and
also the south bank of the ditch to prevent erosion. The
same procecIdure was used east of the cheek structure: with
the exception, the excavated material was hauled to the disposalarea. It was necessary to push some or the riprap to a lowerlevel to meet the required elevation to 25. Here again, shaleframents were used over the existing rioran and the south
bank of the ditch to prevent erosion.

The material used to raise the dam to elevation 28.5west or the spillw N y consisted of the shale material an ex-cavated from frca the spillway area. it was transported byrubber tired 21 cubic yard elevating scrapers and deposited in6" to 8" lifts. This material was not; wetted and rolled withthe sheep foot roller since the maximum fill did not exceed1.8'9 most beint; less than one Coot.. Compaction was obtainedby grading into smooth layers and comp.teted by the travel orthe scraners. since it is possible thnt this. fill couldsettle a little the ton elevation varIe!;from 29 to 29.5 in-stead of the required. 28.5. The larp,er shale frair,ments werebladed to the ditch side or the dam to afford protection fromerosion. This proceedure was used to raise the embankmentwhere regilired from the check structure east to the outletof the reservoir. Since the fill at the outlet was between3' and the shaley material was we bladeil and compact-ed by the travel of the elevating scrapers. Here again the topof the embankment was0.5' to 1.0' above elevation 28,i. Thearea around the gate house was stripped, scarified and wettedprior to the placement of the fill. The same proceedure asused in the spillway was used here to achieve the desired com-paction. The elevation of this embankment here aain Is 0.j to1.0' above elevation 28.5,

The concrete cutoff wall and fillets were completed in aworkmanlike manner. HOwever, when the fill was being placedaround the rate house the grader c!.inght•the south end of thew111 damaOn the south half severly. The damaed portion.and the supporting fillet were cnnpletely removed and replacedat the Contractor's expense.

The above work including treo removal was comnleted whilethe excavation of the spillway contiiued. The exeavated materialVhich was about (01. shale, was placed to the north or the damwest of station '.V.-;450. The cattail area was completelyfilled and the dam supported on the north si(le to the west in-let structure. The area lu_st west or station 35+50 to station'.39+00 wr):1 filled nearly to thenorth nroprty line. This wasdone in the event the State Engin,,er ev-6r requires the comple-tion of the spillway as originally dosirned.. Also, a waterbarrier was constructed at the west end of' the spillway to

-3-
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prevent the flow from turning west before IL roaches the
ground to the north.

The weathered shale in the spillway area could be ripped
by scaririers on the grader or a 1)-8 C:1L. However, the vast
majority had to be ripped by a sinvJe tooth ripper pulled
by a D-8 Cat. Some areas were very. hard ;!nd roquired several
passes to loosen it sufficiently for loading into the haul-
'age equipment.

The work was completed on Dec. 19, with most or the
equipment being moved out on this date. One elevating scraper
was parked near the outlet of the reservoir for removal later
in the week.

In conclusion, the Contractor performed all work in a
workmanlike manner with good nersonel and equipment. Some
days were cold and windy but this did hot slow down progress.
Fortunately the weather 'cooperatedwhile che compacted fill
and the concrete barrier were being placed. The entire.
construction area was cleaned up and left in a very presentable
condition.. The tree and stump storage area is not to pleasing
to look at, but it is no fault of the Contractor. The Contractor
cooperated. in every way which was greatly appreciated.

The spillway as constructed should function in a satis-
factorily manner and no further work should. be roluired.

Thc following Is a list of equipment used to perform
this work:

No. Description
1. John Deer 3?1 cu. yd. load or,
2. Cat, elevating scrnpers No, 621.
2, D-8 Cats, with l ci, y:.
1. Cat0 motor grader No.' G
1, D-8 Cat, with 46A ripper.
1. D-8 Cat, used as a Lushe:. Car loa.dini;.
1. 1000 gal, water wagon.
1. 5' x 51 2 drum sheep .root roller.
1. Water pump.
1. Dra,,,-,line 1 cu. yd.
1. 966 Cat. loader
2. Mack-Diesel tandem dump trucks - 13 cu. yd.
1. !Jr compresser - trailer mounted.
1. low-boy for transportaion of equipment.

Submitted by,

Ken Dickey

(Furnished by State of Colorado)


