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SUMMARY OF ASSESSMENT AND RECOMMENDAT IONS
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C-757 (COLORADO)
HAZARD POTENTIAL CATEGORY: |

INSPECTED: August 6, 1979

Maple Grove Reservoir, due to its high hazard potential and the
vandalism to the Fabridams on March 17, 1979, is probably the most
closely monitored intermediate size dam in the State of Colorado.
While it is in excellent condition, the following recommendations
should be implemented to improve the structural integrity and opera-
tional adequacy of the project.

a. The City of Lakewood, which has the maintenance responsibilities
for W. 27th Avenue, should be notified in writing that the
pavement surface is deteriorating and its resurfacing should be
given a high priority on their schedule.

b. A yearly maintenance program of backfilling eroded areas and
stabilizing the upstream and downstream slopes should be
implemented.

c. A stability analysis should be prepared to assure that the steep
downstream slope is stable for a maximum pool elevation.

d. The upstream gate control on the outlet works should be secured
in an open position to prevent unauthorized closure.

e. The outlet works conduit and the Rocky Mountain Ditch culvert
through the embankment should be periodically inspected to
determine if any leakage is present. Soil resistivity in these
areas should be checked to estimate the life expectancy of the

pipe material.
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f. Efforts should continue on arranging an emergency power supply
for operation of the Fabridams.

g. The location of a gaging station along Lena Gulch upstream of the
reservoir as well as one at the spillway of the dam should be a
high priority for The Consolidated Mutual Water Company and the
Urban Drainage and Flood Control District. The limits of possible
downstream flooding should be defined based upon the maximum
amount of overtopping as determined in this report. These limits
should be used for establishing an evacuation program. Evacuation
procedures should be initiated by The Consolidated Mutual Water

Company as soon as 500 cfs discharges from the spillway.

The hydraulic and hydrologic evaluation showed that 50 percent of the
Probable Maximum Flood from the 6-hour storm as determined by the
Corps of Engineers procedure can be passed without overtopping the
dam. Therefore, the dam is not to be classified as unsafe even
though the spillway cannot pass the full PMP and additional spillway

and/or storage capacity is desirable.

A contingency plan for emergencies should be prepared and adopted

to include the following: the existing operational manual on the
Fabridams; the location of stockpile/barrow materials; the location
of available construction equipment, the identification of remedies
to problems such as increased seepage and/or erosion; notification
procedures in case of emergency; evacuation procedures in case of an

emergency; and training for emergencies.
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A. GENERAL
Name.
State
Division
District

Stream.

PERTINENT DATA

Inventroy of Dams |.D. Numbers.

Hazard Potential

Owner .

B. EMBANKMENT

Type.

Crest Length.
Crest Width
Crest Elevation

Crest Height.

C. SPILLWAY

Type.
Location.
Side Slopes

Crest Elevation

Classification

. Maple Grove

. Army Corps 203

. Consolidated Mutual

Colorado
1

7

Lena Gulch (on channel)

Colorado C-757
1 (High)

Water Company

Earthfill

1100 Feet

40 Feet

5534. 44 Feet (lowest el.)
Structural 59 Feet

Hydraulic 5] Feet

Ogee type under bridge
Sta. 15 + 38 on original
plans through right end
of abutment

Vertical

5520 (Top of concrete)
5526 (Top of 6' high
Fabridam)

RMC




Bottom Width.
Length.
Top Width .

Freeboard

Discharge Capacity.

QUTLET WORKS

Inlet Type.

Inlet Elevation .
Conduit Type.
Conduit Length.

Conduit Dimensions.

OQutlet Invert Elevation .

Stilling Basin.

RESERVOIR

Type of Storage .

Storage Volume.

Elevation (Gauge height in feet).

Surface Area (in acres)

70 Feet

249 Feet

70 Feet

8.4k4 Feet (From top of
6' Fabridam)

14,44 Feet (From top of

concrete)

13,365 cfs

Low level concrete box
5496 Feet

Steel Pipe

254 Feet

30 Inches 1.D.

5476 Feet

Connected directly

to filter plant

Domestic Water Supply
619.5 Ac-Ft. @ High
Water Line E]. 5525
655.4 Ac-Ft. @ Fabridam
Crest El. 5526

958.5 Ac-Ft. @ Top of
Dam E1. 5534.L44

Zero on gauge is 28
Feet above intake p g1,
5524

42.2 Ac. @ High Water-
line E1. 5525

4L .3 Ac. @ Fabridam
Crest El. 5526
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F

G.

H.

RESERVOIR INLET

Type.

Elevation

DRAINAGE BASIN

Total Drainage Area
Maximum Length of Drainage.

Elevation Difference.

FLOODPLAIN

Distance (from dam to main stream).
Immediately Downstream.

Development

. 5520 Feet

-Square Miles

. 2.8 Miles
. % Mile Undeveloped
.t Miles - 2% Miles

Earthcut ditch and

natural stream

?

¢

7.77 Miles
2042 Feet to High

Water Line

Intensive Residential

and Commercial
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PHASE 1 INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM
MAPLE GROVE RESERVOIR DAM
JEFFERSON COUNTY, COLORADO

1. GENERAL

A.

Authority. The Dam Inspection Act, Public Law 92-367, authorized
the Secretary of the Army, through the Corps of Engineers, to
initiate a program of safety inspection of dams throughout the
United States. This inspection was made in accordance with this

authority.

Purpose of Inspection. The purpose of this inspection was to make

a general assessment of the structural integrity and operational

adequacy of the dam, reservoir and its appurtenant structures.

Scope of Report. The Phase 1 investigation was conducted to

assess the general condition of the project with respect to safety,
based on available data and visual inspection, to determine needs
for emergency measures and to conclude if additional studies,
investigations and analyses are warranted. All of these items

are covered in this report.

11. PROJECT DESCRIPTION

A.

Location. Maple Grove Reservoir is located in Section 29, Township
3S, Range 69W of the 6th Principal Meridian in Jefferson County,
Colorado. The dam is located at approximately W. 27th Avenue and
Youngfield Street, in the City of Lakewood, Colorado. The dam
crest is traversed by W. 27th Avenue. The location of the dam is

shown on Map 1.

Ownership and Purpose of the Dam. Maple Grove Reservoir is an

on-channel {lLena Gulch) domestic water supply reservoir belonging
to The Consolidated Mutual Water Company, 10075 W. Colfax Avenue,
Lakewood, Colorado 80215.
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Water stored in the reservoir is treated at the company's
filter plant, located adjacent to the downstream toe of the dam
and distributed to 15,000 users in portions of Northwest Lakewood,
Applewood, Wide Acres, Pleasant View and Sixth Avenue West. The
dam face and reservoir area are closed to the public and are not

used for any type of recreation.

Size, Type and Hazard Potential Classification.

1. Size. The hydraulic height of Maple Grove Dam is 51 feet and

the structural height is approximately 59 feet. The storage
capacity is 958.5 acre-ft. at the lowest elevation in the top
of the dam (El. 5534.44). Based on its height, Maple Grove is

classified as an intermediate-size dam.%

2. Type. Maple Grove is an earthfill dam composed of on-site

materials, faced with imported riprap on the upstream slope.

3. Hazard Potential Classification. Maple Grove is classified

as having a high potential for property damage or loss of life

in the event of failure. The floodplain directly downstream from
the dam and all the way to Lena Gulch's confluence with Clear
Creek is an intensively developed urban residential area. Exten-
sive preoperty damage in this area, with possible loss of life

could be expected if the dam was to fail.

Basin Description. The upstream drainage basin of Maple Grove

Reservoir encompasses 10.9 square miles, with the longest course
being 7.77 miles. The difference in elevation from the high
point, at elevation 7567 to the spillway crest at elevation
5526 is 2041 feet.

The area immediately upstream from the reservoir is semi-

intensive urban residential, merging into rural residential, and

*A dam higher than 4O feet but less than 100 feet or having a
storage capacity greater than 1000 acre-feet but less than
50,000 acre-feet.




near the western limits of the basin, to undeveloped foothills
topography. There are no cultivated lands to speak of in the
drainage basin. Open lands between residential developments and
the foothills area on the western edge of the basin are generally
covered with native grass and sagebrush vegetation.

The reservoir is encircled on all sides except the crest
by the Rocky Mountain Ditch which,at the northeast end of the

dam, is routed through the embankment in an underground pipeline.

Inlet. There are four potential sources of water entering into
Maple Grove Reservoir. The main source is Lena Gulch, the drainage-
way collecting runoff from the 10.9 square mile drainage basin
upstream of the reservoir. Circling the reservoir on all but

the north side is the Rocky Mountain Ditch. This ditch is

elevated over the Lena Gulch inlet and at this location, there is

a spillway and check to divert water from the Rocky Mountain

Ditch into the reservoir. Under normal conditions, very little
water is diverted however. In the southeast corner of the

reservolr near the Lena Gulch inlet, there is an inlet from the

Agricultural Ditch and in the northwest corner of the reservoir

there is an inlet from the Lee, Stewart and Eskins ditch.

Geology and Soils. Maple Grove Reservoir is located on bedrock of

claystone which is part of the Tertiary Denver formation. It is

overlain by Piney Creek Alluvium from the Upper Holocene period.

The overburden ranges in thickness from 5 to 20 feet and is com-

posed of clay, medium stiff to stiff, sandy to very sandy, moist,
brown to gray as shown from Appendix D - Plate 1 and the Test

Hole Data on Appendix C - Plate 6.

There are no known faults underlying the dam or reservoir
but there have been some reports ol scismic activity centered in
the area in modern times. (See Appendix D - Plate 2).

Embankment. The Maple Grove embankment is 1100 feet long, 51 feet

high above the downstream invert ol the outlet conduit and approxi-

mately 59 feet above the claystone bedrock to which the cutoff

trench was excavated. The embankment has a crest width of 40 feet.
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The crest is traversed by W. 27th Avenue, an asphalt thorough-
fare that is maintained by the City of Lakewood, Colorado. A
7-ft. wide concrete sidewalk parallels the street on the down-
stream side of the crest. A 6-ft. high chain link fence on the
downstream side of the crest and a quardrail, plus a 4-strand
barbwire fence on the upstream side of the crest restricts public
access to the upstream and downstream slopes. (See Appendix B -
Photo No. 1). The center line of the dam is straight between
abutments. The centerline runs from east to west. Near the east
abutment of the dam, the Rocky Mountain Ditch is conveyed through
the embankment in a 12 gage multi-plate arch. This arch has a

10 foot span and a 3 feet 5-3/4 inch rise as shown in Appendix C -

Plate 4.

1. Upstream Slope. The upstream slope is 1 vertical on 3 hori-

zontal. Riprap slope protection is provided from the floor of

the reservoir to the top of the dam. See Plate C-2 of Appendix C.

2. Downstream Slope. The downstream slope is | vertical on 1.75

horizontal. The embankment materials are clays and sandy clays.
Foundation seepage is controlled by a cutoff trench with a
bottom width of 10 feet, excavated to sound claystone, and having
side slopes of 1:1. See Plate C-2 of Appendix C.

There is a service road around the left end of the embankment
and paralleling the downstream toe that goes to the filter plant.

(See Appendix B - Photo No. 6).

3. Filter Zone and Toe Drains. For a length of approximately

520 feet through the center part of the embankment, a filter zone
nine feet in width extends from elevation 5500 down to the natural
ground line at the time of the original construction. Maximum
depth of the filter zone appears to be about 20 feet. A six inch
perforated clay pipe is embedded in the bottom of the filter zone
at every 100 feet on centers. Moisture is collected in the per-
forated section of pipe then conveyed through solid six inch clay

pipe to the downstream toe of the embankment.

OQutlet Works. The outlet works, located approximately 330 feet
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from the eastern end of the embankment, consists of a low-level
(E1. 5496 feet) intake, a 254-ft. long, 30-inch diameter steel
tube conduit and a reinforced concrete outlet box. The outlet
works was installed in the 1956 original construction project
and has not received any modification since that time. Details

of the outlet works are shown on Appendix C - Plate 3.

1. Intake. The low-level intake is a concrete box structure
measuring 5' = 4%'"" by 3' - 0" inside dimensions with 10 inch
thick concrete walls. Flow into the structure is controlled by
a 3-ft. square rising stem sluice gate, which is protected by

a welded steel trashrack. The intake level is at elevation

5496.0 which is the bottom of the reservoir level.

2. Conduit. The 254-ft. long, 30-inch diameter steel tubular
conduit rests on an outlet trench that was excavated to varying
depths but with a consistent width of 10 feet and 1:1 sideslopes.
The trench was backfilled and compacted in 6 inch lifts. Eight
inch thick concrete cutoff walls measuring at least 5% feet
square were installed every 20 feet along the length of the con-
duit. The capacity of this conduit is approximately 102 cfs,

with the pool at the top of the dam.

3. Control. Because the Maple Grove storage is used for a

domestic water supply, the intake gate is left in the open posi-
tion at all times. However, it may be closed via a 30 inch valve
on the downstream end of the outlet tube or by a 24 inch valve

on the supply line from the 30-inch outlet tube to the filter
plant. The conduit may be operated manually by attaching a handle
to an exposed gate screw, located on the upstream face of the

dam, as shown on Appendix C - Plate 3 and in Appendix B - Photo

No. 9.

L. Impact Structure and Stilling Basin. Although the released

water flows directly into stilling basins within the filter plant,
a secondary impact structure is located about 50 feet west of the

filter plant.
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Water can by-pass the filter plant and be directed into a
subsidiary part of the Lena Gulch drainageway. Water is occasion-
ally diverted this way to keep a conservation pool in this area

for grazing purposes.

Spillway. The emergency spillway at Maple Grove is an ogee type,
two-bay, concrete chute spillway located near the right end of
the dam at about Sta. 15 + 38 on the original plans. The spillway
is crossed by a 72-ft. long, concrete and steel bridge, with a
clearance passing over of about 12.8 feet from the floor of the
spillway to the underside of the bridge. Contained within the
bays of the spillway are two inflatable Fabridams, which provide
for the decreed amount of storage within the reservoir during
times of normal operation. The 10 foot by 40 foot Fabridam in
the west bay is owned by the Urban Drainage and Flood Control
District and the 6 foot by 30 foot Fabridam in the east bay is
owned by The Consolidated Mutual Water Company. Both are moni-
tored and maintained by The Consolidated Mutual Water Company as
per an agreement between the two entities. These Fabridams offer
the advantage of regulating release of floodwaters through the
spillway by controlled deflation. (See Appendix E - Attachment 2
for a description of the Fabridams and their operation).

Water released through the spillway would flow down the
chute, through a stilling basin and into a riprapped, earth cut
channel, which would carry it to Clear Creek. (See Appendix B -
Photo No. 17).

The design capacity of the spillway with the Fabridams
deflated, is 13,970 cfs.

Floodplain. The floodplain immediately below the Maple Grove
dam, for a distance of /4 mile, is relatively undeveloped. Lo-
cated on this immediate floodplain are the Maple Grove Filter
Plant and a backwash water waste pond.

Beginning about 1/4 mile from the base of the dam and con-
tinuing along the 2.8 mile course of Lena Gulch, to its confluence
with Clear Creek, the floodplain is intensively developed resi-

dential and commercial property.

RMC
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CONSTRUCTION HISTORY

The Maple Grove Dam was constructed in 1956 to create a domestic
water supply storage reservoir and to serve as a presedimentation
facility for the water to be treated. Construction of the dam
paralleled that of the Maple Grove Filter Plant, built on the

downstream side, about midway at the axis east to west.

The construction plans called for an earthfill dam with a maxi-
mum height of 51 feet, between the low point at the upstream toe
and the possible maximum height which at that time was set at elevation
5534. The plans also called for a crest length of1100 feet and a
future crest width of 36 feet. Included in the plans were specifi-
cations for a cutoff trench 10 feet wide at the bottom and side slopes
1:1. The depth of the cutoff trench varied as it was to be '‘excavated

to the top of sound claystone."

The spillway was designed as an earth cut, riprapped channel
which passed through a box culvert under W. 27th Avenue, around the
left end of the dam and down a riprapped, natural channel. This
channel carried the released flow in a channel paralleling the

service road and the toe of the downstream slope to Lena Gulch.

At the time of construction of the dam, the Lena Gulch floodplain _

downstream from the dam was qenerally undeveloped.
¢ |

Construction of the dam required the abandonment of the existing
W. 26th Avenue, which crossed Lena Gulch about 300 feet upstream of
the proposed embankment, and realigning this road to be along the

crest of the embankment.

A1l the work included in the original construction project is

detailed in the plans shown as Appendix C - Plates 1-4.

In 1960, the emergency spillway was relocated because it pre-
sented a handicap to the access of the filter plant. The earthen
channel and culvert at the left side of the embankment were filled
in and a new 115 foot long, 7 foot diameter concrete pipe was in-

stalled through the right side of the embankment at about Sta. 15 + 36

RMC
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on the original plans. A concrete headwall in front of the
upstream end of the pipe maintained the high water elevation at
5523, same as the original high water line. A riprapped spillway
channel led from the stilling basin to the Lena Gulch channel.

Details of this relocated spillway are shown on Appendix C - Plate 5.

As shown in the Office of the State Engineer's chronology of
events (Appendix E - Attachment 1) development in the floodplain
below Maple Grove Reservoir was occurring and this led to some
concern. On May 13, 1974, the Colorado Division of Water Resources
sent a letter to The Consolidated Mutual Water Company requiring
that the spillway be upgraded to pass the Army Corps of Engineer's

Standard Project Flood. (See Appendix E - Attachment 1A).

Because the owners also were exploring methods of increasing
storage in the reservoir, the decision was made to build a 2-bay,
ogee type spillway, which would serve as the foundation and side
support for two inflatable Fabridams.Numerous design considerations
were involved as well as several governmental agencies in the develop-
ment of the project. Appendix E - Attachment 3 described the final
project which was completed on July 1, 1977. The Cities of Lakewood
and Wheat Ridge, as well as Jefferson County and the Urban Drainage
and Flood Control District all assisted The Consolidated Mutual
Water Company in the project.

The new spillway was located at the east end of the dam in the
same location of the relocated spillway that was constructed in 1960,
The design of the new spillway called for a concrete structure with
a clear opening of 70 feet, and approximately 14 feet of clearance
from the floor of the spillway to the bottom of the bridge that

would pass over the spillway.

Plans and specifications for construction of the spillway and
installation of the Fabridams are included on Plates 6 - 9 - Appendix

C and Attachment 2 - Appendix E.

-12-




Early on the morning of March 17, 1979, the 6-ft. Fabridam
in the east bay of the spillway was cut in two places (apparently
the action of vandals) causing the dam to deflate. This deflation,
which occurred over a period of time, as programed by the control
panel, released a total of about 3.5 million gallons into the

Lena Gulch channel.

The peak f'ow of water through the spillway chute was estimated
at anywhere from 300 to 600 cfs. The flow was controlled approxi-
mately two hours later as a result of installing a sandbag cofferdam

upstream of the spillway.

The released flow flooded the back yards of several residences
along Lena Gulch. There was some minor damage done but no total

estimate was ever prepared. There were no injuries or loss of life.

Repair of the Fabridam was made by installing patches on both the
inside and outside of the Fabridam material. The water level was

returned to the normal high water elevation.

Lawyers, representing the residents in the floodplain below the
dam, contacted the State Engineer's Office regarding the safety of
the dam. Engineers for The Consolidated Mutual Water Company proposed
security measures in addition to the electronically monitored pressure
system within the Fabridams and these measures are discussed in the
draft response from the Governor's office shown as Appendix E -
Attachment 4. These measures jncluded increased on-site surveillance,
security lighting, a Fabridam low pressure monitoring and alarm system
and security fencing. Futhermore, a comprehensive system of four .
release valves within each Fabridam has been established that is all
contingent upon water fluctuations in the reservoir. Depending upon
an increase in the water surface clevation and the rate of increase
and subsequent decrease, these valves are electronically opened and
closed according to the sequence shown in Appendix E - Attachment 5.
This sequence was established by The Consolidated Mutual Water Company

and meets the intended purposes of the Urban Drainage and Flood Control

RMGC
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District and of the Office of the State Engineer. Further dis-
cussion on the spillway design is included later in this report.

In addition to all the security measures already installed,
The Consolidated Mutual Water Company is continuing to pursue an
emergency power supply and are working with Public Service Company
to determine the load and how it best can be provided. Consolidated
Mutual is also negotiating with the Urban Drainage and Flood Control
District to install gaging stations upstream of the reservoir and
at the spillway of the dam to monitor what is happening in the
upstream watershed and to know the relationship of the discharge

from the spillway.
OPERATION AND MAINTENANCE

The Maple Grove Reservoir, being an on-channel facility, is
subject to inflow whenever there is runoff in Lena Gulch. Since it
is used for supplying domestic water, it is in year round use. There
is constant operation and supervision in the Maple Grove Filter
Treatment plant located immediately downstream of the reservoir.
There are several engineers on the staff of The Consolidated Mutual
Water Company. Mr. Kurt A. Keim is Superintendent of Water Supply
and it is his job to oversee the operation and maintenance at this
facility. Following the vandalism incident, the Fabridams are ob-
served at one-half hour intervals 24 hours per day 7 days per week.

The controls for the Fabridams are housed in a gate house by
the spillway. (Sce Appendix B - Photo No. 12). The control valves
for the Fabridams are all color coded as shown in Photo No. 13.

The Fabridam low pressure monitoring and alarm system went
into operation on June 4, 1979. This system, while in the gate
house, activates a visual and audio alert in the treatment plant
anytime the pressure makeup system operates for longer than two

minutes.

RMC
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Vi.

INSPECTION HISTORY

President of The Consolidated Mutual Water Company and several other
Company personnel. In addition, the Fabridams are inspected every

half-hour, 24 hours a day and 7 days a week.

in this project due to the high hazard potential with all the
development in the downstream floodplain. In recent years the
dam has been inspected annually by personnel from the State

Engineer's Office.

INSPECTION

A

B.

General. The field inspection of Maple Grove Reservoir Dam

was conducted on August 6, 1979, by the following persons:

Cr. George S, Clausen, P.E. Rocky Mountain Consultants, Inc.
Ken Rollin, P.E. Rocky Mountain Consultants, Inc.
Pat Jorgenson Rocky Mountain Consultants, Inc.
Glen Whitten, Vice President Consolidated Mutual Water Company

Engineering and Operations
David Hahn, P.E., Staff

Engineer

The Dam and reservoir are visited frequently by Virgil Hill,

The State Engineer's Office has been particularly interested

Consolidated Mutual Water Company

Reservoir Area. On the day of inspection the reservoir

level was at 0.2 feet on the staff gauge. Zero on the gauge
is 28 feet above the inlet elevation. Zero corresponds to
elevation 5524. This level was 10.24 feet below the lowest
elevation in the top of the dam and 1.8 feet below the top of

the 6 foot high Fabridam and 5.8 fect below the 10 foot

RMC
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high Fabridam in the spillway. Since the dam's construction

there has been considerable development of the upstream drainage
basin, with additions of several thousand square feet of concrete,
asphalt and roof tops, no doubt increasing the runoff character-

istics of the basin.

There was no evidence of vandalism or abuse of the reservoir

area, which is fenced to restrict access by the public.

Embankment. The length of the 1100 foot embankment was walked,
with continuous and thorough observations of the crest, upstream

and downstream slopes.

1. Crest. The crest is topped by a two-lane asphalt
thoroughfare. Some breaking up of the asphalt was noted along
the north side and a noticeable depression was noted at the
abutment of the bridge over the spiilway, as shown in Photos

1 and 2 of Appendix B.

2. Upstream Slope. Considerable settlement of the riprap was

noted, with large pockets of unprotected slope evident all along
the slope above the high water line, as shown in Photos No. 3.
Several significant areas of erosion also were noted close to

the crest on this slope, as shown in Photo No. b.

Riprap protection on the cast side, however, which sustains
the most wave action, appeared to be in good condition, as shown

in Photo No. 5.

3. Downstream Slope. In all areas the downstream slope had a

cover of heavy grass and alfalfa vegetation, as shown in Photo No.

6. There was no indication of seepage through any part of the
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dam and the toe drains were flowing only slightly, as shown
in Photo No. 7. There was no evidence of any rodent activity

on the upstream or the downstream slopes.

Inlet. On the day of the inspection water from the Lee, Stewart &
Eskins Ditch was flowing into the reservoir through the concrete
inlet located at the left end of the dam, as shown in Photo No. 8.

No erosion was noted in the area of this inlet.

OQutlet Works. On the day of inspection the outlet was open, as

it is at all times, with water flowing through the conduit and into
the stilling basins of the water filtration plant. Because this

is a continuous use filter plant, it is not practical to close

down the outlet completely unless signs of distress in the em-
bankment would warrant a more thorough inspection. However, the
manually operated gate screw located above the outlet conduit

was exercised for several turns. The screw turned without diffi-
culty, however, a common pipe wrench, rather than the gear handle
had to be used due to the lack of space between the gear stem and

the slope of the embankment. (See Photo No. 9).

There was no padlock on this manually operated gate screw
and nothing to prevent unauthorized persons from operating the

device with a pipe wrench or other tools.

Spillway. On the day of inspection the 6 foot high Fabridam
located in the east bay of the ogee spillway was filled to
capacity with 100 percent water. (Sce Photo No. 14). The 10-ft.
high Fabridam located in the west bay of the spillway was filled
with 60 percent water and 40 percent air. There were no signs

of leakage through or around the Fabridams, with the patches

made in March apparently holding well. (See Photos 15 and 16).
The anchor bolts and other hardware that hold the Fabridams in
place appeared to be in good condition. The stilling basin at

the bottom of the spillway contained about L feet of water. This,

according to Mr. Hahn, acts as a deterrent to unauthorized persons
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who might want to gain access to the spillway and Fabridams.
There is a drain in the bottom of the stilling basin that can
allow the basin to be emptied of water. All concrete surfaces
of the spillway were in excellent condition and the entire chute

and channel were free of obstructions, as shown in Photo No. 17.

Floodplain. The floodplain immediately below the Maple Grove

Dam was as described on page 10 of the Project Description. All
debris from the March 17, 1879 spilling of the reservoir had

been cleared away and there was no evidence of any new construction

directly in the path of the outflow.

Emergency Plan. Following the March 17, 1979 vandalism of the

Fabridams, extensive safety and emergency measures have been
adopted to prevent a similar occurrence. An emergency procedure
manual has been prepared on the operation of the Fabridam. Copies
are located in the control house, the filter plant and copies
are also available with the Statc Engineer's Office and the
Urban Drainage and Flood Control District. Any minor changes in
the internal pressures of the Fabridams caused by changes in
the water surface elevation, are registered electronically and
after a two minute duration an alarm is sounded in the filter
plant where personnel are constantly on duty. They would
notify the proper local and state authorities if warranted and
it would be determined if evacuation of downstream areas was
prudent. According to the State Engineer's Office, an evacua-
tion plan is in operation where the discharge of 500 cfs or more
from the spillway warrants the initiation of evacuation proce-
dures for residents in the downstream flood plain.

0fficers and directors of The Consolidated Mutual Water

Company are:

William R. Cornelison Chairman of Board

Leslie B. Arnold Board of Directors
Conrad R. Becker Board of Directors
Edward L. Northway Board of Directors
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V.

William G. Purdy Board of Directors

Virgil L. Hill President & General Manager

Glen E. Whitten Vice President, Engineering
and Operations

John F. Meurer Vice President, Administration
and Finance

Martha Lee Lydick Secretary-Treasurer

Company offices are located at 10075 W. Colfax Avenue, Lakewood,

Colorado 80215

HYDRAULIC AND HYDROLOGIC EVALUATION

A. General. The hydraulic and hydrologic analysis of the study
requires that the storm inflow hydrograph be computed and routed
through the dams using two different procedures: (1) The U. S.
Bureau of Reclamation procedure, as detailed in their publication

Design of Small Dams, 2nd Edition, dated 1973 (hereinafter referred

to as DSD Procedure), and (2) the Corps of Engineers procedure as

detailed in their publication Investigation of Dams, Hydrologic

Analysis, Program 723-C1-410. The more severe of the two inflow

flood hydrographs is to be used in assessing the capabilities of

the existing facility. Furthermore, the DSD Procedure requires that
the probable maximum flood for the 6-hour storm as well as the
probable maximum flood for the 1-hour thunderstorm be computed and

compared.

B. DSD Procedure.
1. PMP 6-Hour Storm

a. Design Precipitation. The probable maximum 6-hour pre-

cipitation for 10 square miles for the location of Maple
Grove Reservoir is 22 inches as obtained from the U. S.
Weather Bureau Publication, Technical Paper No. @2.
Since the drainage area for Maple Grove Reservoir is

10.9 square miles, slightly greater than 10.0 square
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miles, there is no reduction for drainage area.
There is an adjustment, however, to provide for the
improper storm fit. This adjustment is shown on

Plate 5 - Appendix D.

Runoff Index. Runoff index for the drainage basin was

determined to be CN = 83 as shown in the calculations

contained in Plate 4 - Appendix D.

Unit Hydrograph Calculations. With the physical character-

istics of the basin (See Plate 3 - Appendix D), the time
of concentration was determined to be 1.86 hours. The
time to peak, Tp, was 1.62 hours and the base time, Tb,
was 4.33 hours. The peak discharge for the unitgraph Qp,
was 3260 cubic feet per second. Based on this informa-
tion, plus the design precipitation, and the runoff
index, the amount of direct runoff was calculated and

is shown in Plate 5 - Appendix D. This table shows that
the total amount of runoff expected to be generated by
the 22 inches of rainfall is 16.5 inches. From the
values in the plotting table on this chart, the probable
maximum flood from the PMP 6-hour storm has been plotted
on Plate 6. This storm inflow hydrograph indicates

that the peak runoff will be 34,300 ¢fs and that the
entire storm will generate a total runoff volume of
9,590 acre-ft.

This storm inflow hydrograph was routed through
Maple Grove Reservoir by using the Corps of Engineers'
computer program. Ordinates from the plot of the inflow
hydrograph were read off Plate 6 at 15 minute intervals
and entered into the program. The storm was routed based
on three operating conditions of the Fabridam: (1) the

Fabridams operating properly; (2) the Fabridams inflated and
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remaining inflated; and (3) the Fabridams completely
deflated. These discharge relationships are shown on
the plans, Appendix C - Plate 6 and in Appendix E -
Attachment 2 - Sheet 11.

Plate 7A of Appendix D shows this routing with the
Fabridams operating properly. This means that both
Fabridams remain inflated until the water surface eleva-
tion reaches 5530.65. At this level, the 1" water release
valve from the 6 foot Fabridam opens and the 6 foot
Fabridam slowly begins to deflate. At elevation 5530.75,
the 1/2 inch air release valve from the 10 foot Fabridam
opens and begins to deflate. At elevation 5530.95 both
Fabridams are deflating at maximum speed and will fully
deflate if the water surface elevation continues to rise.
This schedule is fully described in Appendix E - Attach-
ment 5.

Plate 7A shows that 30 percent of the flood inflow
hydrograph can be passed without overtopping the crest.
Plate 7B is the same routing with the Fabridams fully
inflated for the entire flood duration. This would only
happen if each of the four valves on both of the Fabridams
failed to open. Since there are syphons on each Fabridam
which would operate as a ''fail-safe' to deflate these dams
at critical water levels, this condition is highly im-
probable. Should this happen, however, only 10 percent
of the probable maximum flood could be passed without
overtopping. With the other extreme, the Fabridams being
completely deflated, the routing shows that 40 percent
of the inflow hydrograph can be passed without overtopping

(Plate 7C).

|-Hour (Thunderstorm).

Design Precipitation. Figure 20 in DSD shows that the

probable maximum thunderstorm I-hour point rainfall for

the Maple Grove Reservoir site is 13 inches. Figure 21 in

DSD is used to convert this point rainfall value to an
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Corps of Engineers Procedure

area rainfall value based on the drainage area. From
this, the design precipitation was determined to be

11.6 inches.

b. Runoff Index. Table A-9, DSD, shows that for Zone IL) ==

brush, sage, grass -- less than 50 percent the CN is 75.

c. Unit Hydrograph Cal%itﬂQiQﬂi: Using a 15-minute unit-

graph determination, the time to peak is 1.25 hours, base
time is 3.34 hours and Qp is 4,220 cfs. (See calculations
in Plate 4). The direct runoff table (Plate 8) shows that
11.9 inches of runoff are to be expected in this storm
event. Plate 9 is the plot of the flood from the thunder-
storm. The peak runoff is 39,900 cfs, and the total
volume of runoff is 6,920 acre-ft. Ordinates from this
inflow hydrograph were also read off the graph and

entered into the computer. Plate 10A shows that with the
Fabridams operating properly, only 20 percent of this
inflow hydrograph can be passed without overtaopping the
crest. Only 10 percent of this flood can be passed with
the Fabridams fully inflated (Plate 10B) and 30 percent

of the flood can be passed with the Fabridams fully deflated.
(Plate 10c)

1.

Unitgraph and Storm Data. Humerous options for obtaining

these values are available in the Corps of Engineers program.
For the unitgraph values, the option to compute Snyder's
unitgraph was chosen. The area, length and:length to the
centroid of the basin were entered as well as a Cp value of
0.58 and Ct value of 0-72. The W50 and W75 values computed to
be 2.60 hours and 1.50 hours, respectively. The computed Snyder's
0.25 hour unitgraph is shown as Plate 11. The PMP index entered

was 22 inches with an initial loss of rainfall of 0.3 inches
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and an infiltration rate of 0.3 inches per hour. The

computed probable maximum flood is shown as Plate 12.

2. Reservoir Characteristics. Again, numerous options were

available to the program user to enter the reservoir character-
istics into the analysis. For the lake elevation--area--
capacity data, ordinates for the capacity at each one foot
increment of water surface elevation were read off the project
plan shown as Appendix C - Plate 1 and entered into the pro-
gram. The spillway discharge values at each foot of water
surface elevation were read off the chart previously discussed.
The outlet works discharge values were entered using the pro-
gram option for computing the rating curve based upon physical
characteristics. The top of dam rating was computed using

the weir formula option. Plate 13 is the Lake Elevation,
Storages and Discharge Rating Table which shows all these
relationships based on the water surface elevation. The inflow
hydrograph was routed through the reservoir and the results

are shown on Plates 14A, B,and C. This analysis shows that

the PMP produces 9,178 acre-ft. of total inflow. The
respective percentages of the PMP that can be passed without
overtopping the crest are 50, 20 and 50 for the Fabridams

operating properly, being inflated and being deflated.

Conclusions and Recommendations. The hydraulics of Maple Grove

Reservoir are very complex due to its residential location and
the downstream floodplain. The Fabridams have been designed so
that the four foot freeboard between the top of the 6 foot Fabri-
dam and the top of the 10 foot Fabridam will pass a maximum of
1700 cfs. This is the 100 year frequency design amount for which
the Lena Gulch channel is intended to be constructed downstream
of the dam. As of this report writing, this channel improvement

has not yet been accomplished. The 10 foot Fabridam is owned
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by the Urban Drainage and Flood Control District and its purpose
is to store any inflow into the reservoir except the 1700 cfs in
a 100 year flood. Once the water level exceeds the top of the
10 foot Fabridam by a small amount, both the & foot Fabridam
and 10 foot Fabridam begin to deflate and will completely de-
flate if need be and the spillway will then pass a maximum of
13,970 cfs which corresponds to the Standard Project Flood.

This hydraulic and hydrologic analysis, however, requires
that the Probable Maximum Flood be evaluated. The criteria for
reviewing the hydrologic adequacy of a dam states that the spill-

way is considered "

seriously inadequate'' and the dam ''unsafe' if
the spillway is not capable of passing one-half of the Probable
Maximum Flood as determined by the Corps of Engineers' procedure
without overtopping the dam. Since 50% of this flood can be
passed, the dam is not to be considered unsafe.

Plate 14A shows that for a starting pool elevation of 5525
feet (which is at the fold or low point of the 6 foot high
Fabridam) the low point of the dam is overtopped 1.51 feet by
the Probable Maximum Flood event with a duration of embankment
overflow of 4.64 hours. During this time, the total volume of
water that would spill over the top of the dam would be 2,745
acre-feet. Velocities of this water overtoppiné the embankment
would be 5.69 fect per second at the crest and 18.01 feet per
second at the toe. Since the crest is 40 feet wide at the top
and has an asphalt paved city street running its length, it is
highly unlikely that this anticipated overflow velocity would
cause erosion at the crest. At the toe, erosion is more likely
to occur, but with the thickness of the embankment and with the
crest remaining in tact, it is extremely unlikely that a breach
of the embankment would occur.

A breach of course would have severe impact to the down-
stream floodplain area. Since cross-sections of the downstream

channel were not availablie for this study, it is not known
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whether water overtopping the dam (without causing a breach
failure) would cause significantly more damage than that caused
by the maximum discharge from the spillway. Since the spillway
can pass approximately 12,300 cfs prior to overtopping, there
would be significant damage to the downstream floodplain as
the Lena Gulch drainageway has been designed to accommodate
only 1,700 cfs and the improvements to the channel to carry
this discharge have not yet been accomplished.

Evacuation of the floodplain would be initiated as soon
as 500 cfs was being discharged from the spillway. The installa-
tion of a gaging station along Lena Gulch upstream of the dam
would greatly facilitate the prediction of when such a discharge
might occur. The residential limits for evacuation should be
established based upon the maximum discharge from the dam,
which according to Plate 10A, could be 39,676 cfs. These
limits should be agreed upon by the Urban Drainage and Flood
Control District and coordinated with the local agencies who
would actually supervise the evacuation. The Consolidated
Mutual Water Company would have the responsibility to carefully
monitor discharge from the spillway and to initiate the evacua-
tion procedures if warranted.

The existing spillway is not to be considered "seriously
inadequate' because it is capable of passing at least one half
of the Probable Maximum Flood as determined by the Corps of
Engineers procedure. It is, however, to be considered '"inadequate"
since it passes only 50% and additional spillway capacity and/or

storage capacity is desirable.

VIIl. STRUCTURAL AND GEOTECHNICAL EVALUATICN

A.

General. The evaluation of the structural stability for this
dam is based on the visual inspection, available design data,
construction records and history, operational procedures and

conversations with people familiar with the project.
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Embankments. W. 27th Avenue formerly did not have curb and
gutter along its length to control surface runoff. Conse-
quently, water drained off the pavement and eroded the embank-
ment primarily on the upstream side. (See Photo No. 4). Curb
and gutter have now been installed on both sides of the street.

The riprap on the upstream slope is generally very large
and there is not a proper gradation in size. (See Photo No. 3).
As a result, some slippage of the riprap has occurred.

The settlement in the pavement at the bridge abutment is
not too excessive, but if allowed to continue, further deteriora-
tion of the pavement surface will occur.

Both the outlet works conduit and the Rocky Mountain
Ditch culvert are metal structures that run through the embank-
ment. Metal is subject to corrosion and possible leakage
especially when a pipe is continually under pressure such as
the outlet works conduit for this reservoir. Leakage from
either of these pipe structures could be quite dangerous,
especially for this dam since the downstream slope is so steep.
(1 vertical on 1.75 horizontal slope.) This slope is steeper
than that normally considered stable with embankment material
of clays and sandy clays. Surface slides could be expected

anytime the slope becomes saturated to any appreciable .depth.

A high pool could cause saturation of the downstream toe and
a slide could result.

There is no information which indicates adverse effects
on the embankment with water elevations at or near the top

of the dam.

Spillway. The concrete spillway, chute and settling basin are
all in excellent condition. As noted previously, the 6 foot
high Fabridam was punctured in two locations by vandals. These
holes have been repaired by the manufacturer's representative
with a patch on the inside and a double patch on the outside.

One of these patches is shown in Photo No. 16 and they are
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IX. ASSESSMENT AND RECOMMENDATIONS

A.

Embankments. The City of Lakewood has maintenance responsibi-

both holding up very well.
The spillway was clear of any restrictions that might re-

tard the discharge of floodwaters.

OQutlet Works. There was no indication of leakage from the out-

let conduit and no leakage was evident in the downstream control
well. Due to the size and the fact that it was conveying water,

the interior of the conduit was not inspected.

General. Maple Grove Reservoir, due to its high hazard poten-
tial and the vandalism to the Fabridams in March of 1979, is
probably the most closely monitored intermediate size dam in the
State of Colorado. |In addition, The Consolidated Mutual Water
Company maintains a staff of highly qualified engineers to over-
see the operation of the dam and the filter plant. While it is
in excellent condition, the following recommendations should be
implemented to improve the structural integrity and operational

adequacy of the project.

lities for W. 27th Avenue. They should inspect the condition
of this roadway and schedule the rehabilitation of this pavement
surface as soon as possible.

A yearly maintenance program of backfilling eroded areas
and stabilizing the upstream and downstream Slopes should be
implemented.

A stability analysis should be conducted (if not already
done) to assure that the steep downstream slope is stable for

a maximum pool elevation.

Qutlet Works. The upstream gate control should be secured in

an open position to prevent unauthorized closure.
The outlet works conduit and the Rocky Mountain Ditch

culvert through the embankment should be periodically inspected
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to determine if any leakage is evident. Resistivity tests
should be conducted to estimate the 1ife expectancy of the
pipe material. The portion of embankment above the outlet
works conduit should especially be watched for wet spots which

could indicate leakage.

Spillway. Efforts should continue on arranging an emergency

power supply for operation of the Fabridams.

Flood Monitoring. As recommended by the State Engineer's Office

y

the location of a gaging station along Lena Gulch upstream of
the dam, should be a high priority for The Consolidated Mutual
Water Company and the Urban Drainage and Flood Control District.
The boundaries of the area to be evacuated should be

established based upon the maximum discharge from the dam which
has been shown to be 39,676 cfs. The Consolidated Mutual Water
Company should be responsible for monitoring the discharge

from their spillway and initiating evacuation procedures when-

ever an amount of 500 cfs is discharging.

Contingency Plan for Emergencies. |t is recommended, as for

all high hazard dams, that a contingency plan for emergencies
be prepared and adopted by the owners of the facility and then
reviewed and coordinated with local authorities. The Consoli-
dated Mutual Water Company has a good beginning in their opera-
tional manual for the Fabridams. They should incerporate this
into a formal plan which should include, but not be limited to,
the following: the location of stockpile/barrow materials;

the location of available construction equipment; the identifi-
cation of remedies to problems such as developing seepage and/or
erosion; notification procedures in case of an emergency;
evacuation procedures in case of an emergency; and training

for emergencies.
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APPENDIX B

INSPECTION PHOTOGRAPHS

RMC



Photo No. 1 Crest of Maple Grove Dam, looking west.

Note erosion and depression at right bridge abutment.

Photo No. 2 Pavement deterioration on north side of crest

RMC



Photo No. 3 Upstream slope, showing misgraded riprap.

Typical of entire upstream slope.

Eroded area

slope near

Photo No. 4

on upstream

crest.




ef .
i !

R

Photo No. 5 Riprapped eastern shore of reservoir.

Photo No. 6 Downstream slope of embankment, with service

road to filter plant at left.

RMGC




Photo No. 7 Toe drain downstream of left toe, with small

amount of water flowing from drain. (Arrow)

Photo No. 8 Lee, Stewart and Eskins inlet near the west

of the dam.

end

RMC



Photo No. 9 Manual operation of the
gate screw. Slope of the embankment
prevents full turning of the gear

with handle.

Photo No. 10 Interior of gate house

for releases into filter plant and

small irrigation ditch.

Photo No. 11

Irrigation ditch outlet
and stilling basin

adjacent to gate house.




Photo No. 12 Exterior of Fabridam control tower with security

fencing in background.

Photo No. 13 Interior of control house, showing valves which

monitor Fabridam pressures and water levels.

RMOC
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Photo No. 14 Upstream view of 10-ft. high Fabridam in west

bay of spillway.

Photo No. 15 Downstream view of 10-ft. high Fabridam.

RMC




Photo No. 16 View of repaired

area in fold of 6-ft. Fabridam.

Photo No. 17 Stilling basin,

spillway channel and floodplain

of Maple Grove Dam.

RMGC
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APPENDIX C

PROJECT PLATES

Construction - Plan and Capacity Table
Construction - Profile and Typical Dam Section
Construction - Outlet Facilities

Construction - Spillway and Culvert Details

Improvement - Relocated Spillway
Improvement - Plan
Improvement - Spillway Plan and Section

Improvement Spillway Wall Elevations

Improvement - Spillway Sections and Details

RMGC
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APPENDIX D
ENGINEERING DATA

Bedrock Geology Map

Seismic Events Map

Drainage Area Map

Hydrologic Data for DSD Procedures

DSD - PMP 6-Hour, Direct Runoff and Plotting Table
DSD - Probable Maximum Flood Graph, PMP 6-Hour

DSD = Flood Routing of PMP 6-Hour, Inflow Hydrograph
A. Fabridams Operating Properly

B. Fabridams Inflated

C. Fabridams Deflated

DSD - PMP 1-Hour, Direct Runoff and Plotting Table
DSD - Probable Maximum Flood Graph, PMP 1-Hour

DSD - Flood Routing of PMP 1-Hour, Inflow Hydrograph
A. Fabridams Operating Properly

B Fabridams Inflated

H Fabridams Deflated

C of E - Computed Snyders 0.25 Hour Unit Hydrograph
C of E - Computed Probable Maximum Flood Hydrograph
C of E - Lake Elevations, Storages and Discharge Rating
Tables with Fabridams Working Properly

C of E - Summary Table

A. Fabridams Operating Properly

B. Fabridams Inflated

C. Fabridams Deflated
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Maple Grove Reservoir in relation to adjacent bedrock and soils.

Tdv = Tertiary Denver formation-light gray to brown, lenticular,
loosely cemented, tuffaceous sandstone, silty claystone,

and andesitic conglomerate.

Source: U.S. Geological Survey, 1957

Qc = Colluvium - Dark-yray to reddish-brown bouldery to
sandy silt and clay on slopes in mountains and plains
where it was deposited by gravity and sheet wash.

Qp = Piney Creck Alluvium - Dark-gyray to reddish brown humic
clayey silt and sand containing layers of pebbles,

generally in lower part.

Seuress HeS. Geolﬁqica] Survey, 1978
Appendix D - Plate 1
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Time to peak, Tp (use l-hour unitgragh; i.e., D=] hour)

Tp %—+ 0.6 Tc = %—+ (0.6)(1.86) = 1.62 hr.

1

Base time, Tb
Tb = 2.67 Tp = 4.33 hr.
Peak Discharge, Qp

484AQ _ 484(10.9) (1)

Qp = 5 T 62 = 3260 cfs

For second 6-hour period use D=6 hours.

Tp = 5+ 0.6(1.86) = h.12 hr.

Tb= 2.67 Tp = 11.0 hr.

gp = SEAIRBND) , ygy e

For PMP, 1-hour (thunderstorm) use 15-minute unjitgraph
Ty = ;gi +0.6 Tc = .125 + 1.12 = 1.25 hr.

Tb = 2.67 Tp = 3.34 hr.

o = SO0 _ 4 1,
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MAPLE GROVE RESERVOIR DAM
HIGH HAZARD FLOOD HYDROGRAPH ANALYSIS

HYDROLOGIC DATA FOR DSD PROCEDURES
Design Precipitation

|. Watershed Location: Jefferson County, Colorade. This is west of
105° Meridian, east of Continental Divide, below 8000' contour.

2. Probable Maximum 6-Hour Precipitation for 10 sq. mi. (USWB TP
No. L0): 22 inches

3. Probable Maximum 1-Hour Point Rainfall (DSD, Fig. 20): 13 inches
Runoff Indexes

1. PMP, 6-Hour

a. Representative Hydrologic Soil Group: C

b. Soil-Cover-Complex Number

% of Weighted
CN Area CN
Pasture or range (poor) 86 50 43.0
Meadow 71 20 14.2
Urban Area (Medium density) 85 30 25.5
82.7 -- use 83
2. PMP, 1-Hour
a. Zone |11, Brush, Sage, grass, less than 50% (DSD, Table A-9,

p. 544): 75

Unit Hydrograph Calculations

1. Drainage Arca: 10.9 sqg. mi.

2. Longest Course: 7.77 mi.
3. Elevation Difference between divide and spillway: 2043 feet
4, Time of Concentration, Tc = Te, + Tc2
TcI L = 2.39 mi. AH = 1287 ft.
Tc2 L = 5.38 mi. AH = 756 ft.
1 AH 1287
Te =(]]'9 e 5'383‘0.385 = ] B
2 756 ]
Tc = Tc, + Tc, = 1.86 hrs.

| 2
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Time to peak, Tp (use l-hour unitgragh; i.e., D=1 hour)

Tp %-+ 0.6 Tc = %-+ (0.6)(1.86) = 1.62 hr.

Base time, Tb
Tb 2.67 Tp = 4.33 hr.
Peak Discharge, Qp

484AQ _ 484(10.9) (1)

Qp = Tp 1. 62 = 3260 cfs

For second 6-hour period use D=6 hours.

Tp = 5+ 0.6(1.86) = h.12 hr.

Tb = 2.67 Tp = 11.0 hr.

Qp = ﬁ8h(l?ig)([) = 1280 cfs

For PMP, I-hour (thunderstorm) use 15-minute unitgraph
Ty 5 *%é +0.6 Tc = .125 + 1.12 = 1.25 hr.

Tb = 2.67 Tp = 3.34 hr.

Qp = QBAC}?ég)(?) = 4220 cfs
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1/ Curve Zone C DSD, Fig. 18, p. 51
2/ DSDy p. 16s Bxe T, 3(e)e (6.5,351.245)
2

3/ CN 82, Q= lgigfﬁél— , 5 =120 - o

L/ Minimum retention rate applies: 0.1 in/hr, DSD, p. 64, sec. Sic

5q.

mi

E K — r— 1 ] ¥ [ I f r 4 r f f
DIRECT RUNOFF AND PLOTTING TABLE
MAPLE GROVE RESERVOIR DAM
PMP 6-HOUR
Location: Jefferson County, CO, Sec. 29, T3S, R63W
PMP, 6-hour, 10 sq. mi.: 22 in., USWB TP No. 40
Depth-area-duration zone 4, Design of Small Dams 2nd Ed. Fig. 15, p. 48
Drainage Area: 10.9 sg. mi.
PMP Extension (DSD, Fig. 16, p. 43g)
Time, hours 6 12 24 48
% of 6-hr-10 sq. mi. precip. (DSD, Fig. 16, p. 49) 100 11 118 126
Total PHMP 22.0 244 26.0 27.7
Ad justment for imperfect storm fit: 0.8 178 9.5 20.8 i
(DSD, p. 48)
‘ ' 2/ 3/ i ‘ | Increm.
z of ‘ PMP ‘ Arranged PMP— Direct Runoff= | Increm. ! Increm. Unitgraph | Runoff Plotting Table
Time 6-hr. E Accum. | Increm, ! Increm. Accum. Accum. Increm. | Loss ! Runoff | Peak ' Peak | Begin | Peak End
Hours . Precip— P,inch P,inch P,inch P,inch inch inch ! inch | inch ! cfs cfs Hour | Hour Hour
1.0 9 8.6 8.6 1.4 1.4 0.3 0.3 | 1. 0.3 | 3260 978 0 1.62 4.33
2.0 6 11.3 2.7 1.6 3.0 1k 1.1 0.5 11 3260 3590 | 2.6 5.33
| | \ |
3.0 | 75 13.2 1.9 1.9 b9 | 2.1 I 0.2 1.7 i 3260 | 5540 2 3.62 6.33
Lo 8Y 14.8 1.6 8.6 13.5 | 11.3 8.2 0.4 8.2 | 3260 26700 3 L. 62 7-33
I |
5.1 - 6.2 1k 2.7 6.2 o | 2.7 ¢, 12 2.6 3260 8480 ! 5.62 | 8.33
! ‘
6.0 100 i 1.4 1.4 17.6 5.4 | 1.k 0.1/ 1.3 3260 | 42ho s | 662 | 9.33
12.0 } | 19.5 1.9 1.9 19.5 17.2 1.8 0.6%/ 1.3 1280 | 1sko 6 | 10412 17.0
| |
16.5 in. x 10.9 sq. mi. o 640 ac. 1 ft Fi
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DSD - Flood Routing of PMP 6-hour, Inflow Hydrograph ‘

LONGHMONT COLORADO

UNTAIN CONSULTANTS INC.

'
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DIRECT RUNOFF AND PLOTTING TABLE

MAPLE GROVE RESERVOIR DAM

Q X!puaddy

PMP 1-HOUR
Location: Jefferson County, CO, Sec. 29, T3S, R69W
PMP, 1-hour point rainfail: }3in., DSD, Fig. 20, p. 53
Drainage Area: 10.9 sq. mi.
Area Adjustment Zone |l1, DSD, Fig. 21, p. 54 0.89
PMP, 1-hour, 1 sq. mi.: 11.6 in.
| S
! % of f PMTS Arranged PHTSE/ ‘ Direct Runoff§/ I Increm. Incr%$, Plotting Table
Time 1-hr. L Accum. Increm. Increm. i Accum, | Accum. J Ilncrem. | Loss Peak= Begin Peak End
Hours Precip— | P,inch P,inch P,inch P,inch | inch I inch inch cfs Hour Hour Hour
| 1 w 3
0.25 LR \ 5.6 5.6 1.4 1.4 0.1 0.1 1.3 422 0 1.25 3.34
0.50 71 f 8.2 2.6 2.0 3.4 1.2 il 0.9 L4640 25 | 1.50 3.59
0.75 88 10.2 2.0 2.6 6.0 %3 2. 0.5 8860 .50 1.75 3.84
1.00 100 j 11.6 1.4 5.6 1.6 3.4 5.1 8.5 21500 75 2.00 4.09
|
125 0 | 2.8 1.2 1.2 12.8 9.5 1.1 | 0.1 beho 1.00 2.25 L. 34
150 117 i 13.6 0.8 0.8 13.6 10.3 Bl 7 \ 0.03}1‘/ 3250 I 25 2. 50 4.59
|75 122 4.2 0.6 | 0.6 1b.2 10.8 0.5 0.1 2110 | 1.50 2.75 4.8l
| A |
5 B - 1.6 0.k | 0.k 4.6 1.2 0.37 0.0/ | 1560 | 1.75 3.00 5.09
2.25 | 129 | 15.0 0.4 i 0.4 15.4 1.6 0.37 0,05 1560 2.00 3.25 5.34
2.50 131.5 15.3 0.3 | 0.3 15,3 1.9 0.27 | 0.03 | 1140 | 2.25 3.50 5.59
1 ' |
%.7% 4% } 15. 4 a.l 0.1 J5. 4 12.0 0.07 | 0.03i/ 295 2.50 3.75 5.84
3.60 134 ! 15.5 0.1 0.1 15. 5 12.1 0.07 i 0.03/ 295 2.75 4.00 6.0k
11.9 in. x 10.9 sq. mi. 640 ac. szt. = gegn 5. Tis
1/ DSD, Table 2, p. 52, Zone IlI sq. mi. = 12in.
3 Z_/ DSD! Table A_8, P SLI3 (#:312115516;7:8!9110:]]1]2)
= 3/ 0SD, Table A-9, p. 5hb (CN75)
® L/ DSD, minimum retention rate applies: .03 in/.25 hr., DSD, p. 64, sec. 5lc

5/ 0.25 hr. unitgraph peak of 4220 cfs times incremental runoff amount
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DS - Fle~A Routina of PMP 1-hour, Inflow Hydrograph

| - ——— ———

R R R R R A N R R R R R R R RN RN LN R R s E e e 2 E R R R L R SN RN ENENEEE S IR IR RS R R

DAM INSPECTION HYZROLOGIC ANALYSIS = SUMMARY TABLZ
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HYDROLOGIC LAALYSI: OF MAPLE GROVE RESERVOIR DAM-SMALL CAMS 1 HJUR

FABRIDAMS QCPEZRATIANG PROPIRLY
RCCKY MOLAT2TIN ZONSULTANTSE INCe LONGMCNT COLCORETC
ALBUST 1¢67%

INPUT L2KE INFLCW HYDROGRAFH ORJINATES IN CES AT «E HIJR LNT-RVAILS PEG[NNING AT 2730 TIM:
g 848, i1s Sl 3BBYe 0 10556 1B 3T% e ZT57 6 i e 3993347 SREL owl 353438 1530
2T126e " 2216%. IaTIEw 1231 8ed ES32. 398 . ElT7e 15 %5 G1i5e 434, ABE g i
13w U e
-------------------------------------------- LA AND 24AM INFOPMATION e -crcmccmcrc e e e s e e e c e e e e s me e e r e e s ===
FEGINNING OUTLET BO0TTCOM SPILLWAY SPILLEAY TAP QF CAM T3P 2JF DA HEZIGHT 20WN3T?T4M N=VALVc (COZF OF
FCCL =LtV JANERT CF LAKE EREST CREST WIDTH SLDVATION LNBTH QF JAM aLOB: £ DS Lo
FTyeMSL FTeMSL FTeMSL FTeMSL EEET ET M5 Enel Foed CF 24 SLOPE 0OVIS DAM
B82S ek SHSEw 4P pnae ., 5525« 07 Tl n TTl4448 14 28y Z9.4% 1V OGN 1 ,.735H wlf 22 TeE
------------------------ sSuMv2 Ry OF FLOQOD ROUTINGS 0F INFLOW HYDRGGARAPH THYRJIUGH THI [ AKT ccecccccccemccmeccan e e oa—
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DSD - Flood Routing of PMP 1-hour, Inflow Hydrograph

LONGMONT COLORADO

1

— — R B ———E—— e e
- SUMMARY TABLE

NSULTANTS INC.

HYQROLOGECpANALYSIS OF MAPLE GROVE RESERVOIR DAM —! HR DsD
AUGUST 1573

I EE R E R E R RS S R R R R AR R AR A R R R R R R R R R E S R R R R R R R R AT RS S R A R A R AR R R RN R AR A2 R R AR R RN R R RS R R R R RE NS R R RS RN R R R SR SR SRS R SRS SRS
F

DAM INSPECTION HYCROLOGIC ANALYSIS
ARA R AP A AN AN RS AP R R P I F R R AR R RN P E AP F AR AR A AN A F * A AR R A AR DR E R R AR A A R A P A AN A A RS E A SR AR R AR I N P F A R AR F R R P AR I AR A A AR F AN R P AR AN TSR AP R bk wbw

DAM

DOWNSTREAM 2
SLOP
OF

FORMATION
F DAM TO
ATION
s MSL

N
0
v
T

il

-
Rrar
AT

Ol

A

)

el 33

1.75H

1v ON

3B. 4

24,3

14

5534.4%

709

B

ROUTING
NUMRER

[¥¥]

DX
Ta<a
D=
Iixr v
) X e
XKNOL
w0 b (0
TOw

X
0=t
Lty b=
T W

ZWNua a

DM~
o a ® s 0 a e
NI > OOV
[ iaadl pedl SR L GURN 6 RN 6 RN
RV EVaRYe N ol LKV AN € pR Oy

TV AN (T D

MM P OU O et

SNt 4D
® e 0 ° @ & &'
FomhaoNSt oD
o pRuntoaton ] oAl bl
(VAN Rea R {nleaN TR N
IO et

WM~ Mg oM
IO A (NP~ M~
®e® 08 o 0o o
NS et

NOM~aIMmNo
(o Ll o D AN 'a e}
e @ ® 9o @ & & @
rdrded QIO

(ke LR Ve ETa RV NS:]
Mo @IN NI G
e ® s e o8 8w
T ANODDOO
NI 4

[TVl ot b B Vol Ta T
2ok - gl 6 A= e a N ARV N ]
e @ o & & 8 & @
PP oD Ty

P~ OO N
I MDD =M
@ o @ 3 ® @® a0
NN rd e

]

MO MM WD
MM~ s
¢ o 0 ® @ o o @
el Y S RV SRV SR TR ATR K oY}
MMM MMM
[Tallgita NalTRETRITRIS]
[IgITpATRRIRATRETBRUS IR

* 2 82 & @® ®» a8 @
ol K= oX eV N ol QRN SR EC BV
TRV RVORNGE ol palie ols o)
MANDCrdT =y
(Ve ENaXTaR- JE- o s aVi o]

| LR I TR S e 1A T
* 2 8 o % O 0 B
1 & SRRt SR 1 i (e W RS
RYCaNs all LRV BVRIE- gl o]
i

QM) DO




([ E A E B EENFFEFENEFEEENEENNFENEERENEEE N NN N NNEE B EL LN EERER EENENR S B XN BB NEES ]

P250C 0 wossmiinnesass P80 2006000000 O aRsB O RS
L J L] L J L ] [ ] L ] L J [ ] ® L]
P ° ® ® _ e . LS T . L] e .
. - e e L) ! [ S ° L] L]
° ° ° 2 e ° . ° - .
229000 0402202020009 00000000009000 0000000000000 00000C00°000C00008000000 0000 0000000000°0000C000000C0S
L] [ ® i ° o . I T S ° ° o
- L . L3 e B == L JIPETEPLL L] ° ® -
- e - . L] L] L] L] L] L
? * o ° ® ° ® e ° ) °
2000« 0 090000007 0000000800000 000C®LPNIGOSO OO0 GRS 200909000000 0° 0PV B00CIVOVAIVVGCO90 080 SO
. * 9 ° e ) R D, ® . - o
e *had, ° ° . o ° ° ° .
e LA . a @ a @ ° - e
® ok, ® ® ) . e e _® ° L ®
175C <4 csssesee PRV, 4 0000000000000 200000000CO0ES0 aNesaitistasioiodstiidd Ieesdedsdsdodsodvodtdscossssd®on.
. LI R ° e . o a ° o .
. Rk he . o ° e ° e ° @
M LA R E R & ' e - e e ® ® ° e
° L E R EE B - e ] e B e . ™ ™ e
IS0 o0 eesneat it ddd 0 0000 e00 0000 0scentosetisstensesossosinsecssosisdeectisitossesescsssoassnassscsssssnse
. LA R . ° ° ™ - ° ® °
. hofl ot ] ® ° @ L y ° . ° . L
P L2 B X2 BB s ) ° . ° e o a ° ° ™
. LR A AR E SR ° ™ ® e . ® ° ™
1250 el e esae? ¥t da ity (000000000008 009000 300000 C 00000000000 0000003 8000003000008 00B0CO00GCSOBRCOIEEDITSS
. LA R AR LR SN - ° ® ) ° ° -
. PRARAR NS . Y e e e . e .
- S 2R R EL & & R . - . ° -
. Y2 L 22EE % i - = o é a .
1300 £ s 0as AR NNAREF TN g 00000000 0000000080 0000000C006A0CEDEGCECIOIUCOCEO00000CQ0O0SCQ O 9CAEECcCQDR0000C00OS9000C0O09QCCOCO0DF0ODSRRRSB0GSe®S
, S 2 AR LR ERE Y] - . - . & ° - .
. R SRR R R R o - e - & . » . -
. R AR A E b ARk RN - . . " o . . .
- SRR IR R R N ' & - & 7 é & .
75':.: e e P AR RN AREF ANRNE NN g 0000000000000 000000CGCOCOCOC0RCEOCEOS $AQOCCOCQCCACAOO0CGOCOCOCO O0CROCQECROCCO0CQ0O0OCECCECEO0SSROCOQ0BOGCGORTORARO®S
" I EE SRR SRS REESE R E SRR I ° s . ® ° ® )
& ERABRPDRPE AR h R R = - - - = . -
- SR AR R AR R R R AT R AR - . . . . » .
. kA AR AR A R PR R TR kA s ° ° 7 . . . ®
D70 el as et A M b bR N d AR P R RN AN R § 43008000060 00408 00080 eP00000e0000s00tssssnacnsencenscnctoscnsnassoss
P I B EEEE RS ERLER R ERER S ] a ® ® ° ° e ™
e HHBAARA PR WP A AT AR AR AR RN a A - ~ = - .
® [ Z 2 EEEEREEREEEE R EEE RS R R R ° - P ® ® ® ° ®
e FHFPBESBBAA K AS D A A ARG R R A AR - - & - & . - -
2970 el et Rt R AR R A RN T A AR E NP A AR A AN E N N G 0000000000000 00easestooanosnsnsosoecssesotoecsteccnecnenossecss
R R R R R R RS TR RS ° . . - . . .
e TR A b AR AN AN AN IR AT A A A AT AN ® 2 ° ® ° P ®
s the bR AR BETRAFPRRARNSIT SN RN R TR AN - & = @ = .
e R AR ARA P AN AT h kA TR A AR AN AN R AR - F) o = e - -
oL ""'“‘*’.""""*"*"'.**".**.'..01000..l..c...o...qc.q,--........Qc....l..c..o.o-.o-o.cto
Qs " 2510 57010 T30 ,}0.33 250 . 15.00 17.507 2000 22535
TIME IN HOU - :
.tt.i‘l..‘.&'iti.iiiﬁ*ﬁﬂ.*I’ﬁﬁ"'ttﬁﬁli*..*ﬁ.i.t*i...ﬁ...*.......t..ﬁ.t.‘.‘*t.".t..itit"ﬁ...’"ti..i**'.lil.Oﬁﬁl.tﬁit.ﬁii
OAM INSPECTINON HYDROLOGIC ANALYSIS - COMPUTED SNYDERS 253 HOUR UNIT HYDROGRAPH
HYDARNLOGIC ANALYSIS OF MAPLE GROVE RESERVOIR DAM



2000000000009 0200000080000 00900409000000 000080000
° L e BEER °
® e L 8 L]
° I ) S—— e o °
] L] L L
0 0000000000000 CAC00000I00VOV00OCOCNTNEOVOIOOCQORESTSE
e *
TR
o & &k
eh AR
sscscncssssettiRyzageae
oW AE
Rk E &
oMl &k
ok AR @
tecssscass TRRAER, 4,
L R X B & B
LR B & 8 B J
I EEE RS 2
LA RS2 5 2]
EEEEEERTER AL B A A R T
LE AR E R &
I E AR S N E S
Wk dr ok RN
LA E R E S & &
seccscscsettibdanta,
LEE S 822 F )
I EEEEZTEE TS
I 22 E 222
oo ol
coossenef AR aRRRAN
IR SRS 220
I E TR R R T2
kbR R hd
AR A kRt AR
esescene AU R wE ARt dd
2 2 2 A 2 RS2 RN ]
2 B 2R RS R RS2 Y]
Ak kR
LA R ER SRR ER RS
2000 s RANARRANLEANTN g 0nnas
L AR AR R NN
L8 A R R R R ER T ER
2 R R s 2222
e S A SRR LR BRI
€000 s s RNN NN NN NANRE S o * o0 0ne
22 SR 2 SR ER R R ERE T R
I ZE R 2R SRS R E NN E R
IR R L R R R R R R
IE R EE R R R ERSTE
I E R EE RS SR AR SR A Al ARl Al il el R R R R E R R R R L R R E N T
)

Bt 10420 15.00 2007 2540 30 3540
TIME IN HOURS ¥ et S

Stttiiit*ttt'ttttl*tttitttﬁtit;g;;i.tEa;;G;ES!;EBE;;Etttiiiitht'i.ﬁiﬁiiﬁttt*.t*iitttt..tiﬁtﬁtttttttttttttttt'ﬁittttttit
AM INSPECTINN HYCROLNSIC ANBL - T MAXIMUM FLOOD HYDROGRAPH (LAKE INFLOW HYDROGRAPH)
HYJDROLOGIC ANiLYSIS OF MAPLE GROVE RESERVOIR DAM :

LR R R ERE T EEEE R e S RI REet  A s A A AR R AR A R R R R R R R R I T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T YT Y YT T Y Yy

253330

8608909

2250€C.0C

L]
L ]
®
L]
[ ]
[ ]
L)
®
]
L ]
®

e9oeeas

2230 €

LA R A AR LR AR AR LAl E R R AR R R R BN

*sse0 e

[
-
ul
o
)
L]
e |

]
®
]
L ]
L ]
[ ]
]
®
L]

4
tn
£
]
(48
L]
o
L ]
L]
]
L]
s!
L ]
L ]
L]
L]

"es0e@e 8

1255000 LA E E B K & B N J T EEEEREEN]

® s asa0eea L B

L]
[ ]
[ ]
[ ]

~
w
oy
[ ]

LA A B AR N RN ]

s90 0000

% % $0 @ 0 & a8 ¢ 8 0 0 8 56 o 00 080 00 9 g a0
L]
L ]
L]
[ ]
[ ]
[ ]
[ ]
[ ]
L]

on
ot
B
.

L)
5 & & & & 9 8 0 0 0 & 00 4 0 & B s O e 8 " 8 e

L[]
L]
L ]
L
L]
]
L ]
L]
L]

250 e

® 6 B 0 0 8 0 D O O 40 0 00 @80 9 st B0 O % 80 0 808 P 8O0 8O O B0 PR e 0 0o
L]
®
°
L ]
.
°
®
]
[ ]

o @ ® 0 & 0 0 00 & 0 0 0 4 00 B g O P P B O B SO b o 0B O D KO L O O S 0002 o0 e 0 e 0

@ @ ® 0 0% g 00 ® @8 80 0 ¢ 00 8 00 g0 O S 9 C 00O P 0V 2SR S 9 00
] I |

ko kS h e w
= e

THES 8 9 6 6 8 0 08 0 0 88 0P DS &0 0 6 ® & 0B OO e o 20 S O e s o0 s 0008 g o0 e oo s
.
e
.
.
[ ]
°
*
[ ]
L]

a5,

TI% % & 8 g 2 ® g 4 o & & ¥ b 0 0 8 0 g% 8 g O @ 6 B O SO 8 s e 90N D g O s O O G 8 e e e

Elh
[ ]
®
[ ]
[ ]
[ ]
L]
®
]
. ¥ |
(Js @ ¢ ® & 5 8 8 0 0 » ® v & o 00 % 0 0° 8 5 0 0 060 g 00 000 8 00 0 0B O 826 L 8O0 0
L]
L]
]
[ ]
[ ]
[ ]
L]
[ ]
L]

iJ® 8 & & & & ® & ¢ & & ® 0 6 & 0 4 8% g 50 s e B8 B G e 500 b 00 e s 00 00 e s s 0 e 8B BTSE

e

>
(o]
L]

n




ui DO NN AT SO AN O oNEINO O OIIIN T N Do Cldmamo
We MMM NOMNC AT OMNOMINANOOMOOINCIM UM AHC DM INOSTD A0S MO
XY QeEOONDANNNODANNMEDNOSFCRLDEANNM TN ODROTXNO~ND TATO
| el @ 9 2 09 9 @09 @0 % 2 20 0 000 20 00 P e 000 e 000 9 00O 00000000
P T MO T NSO OT NG OO NODDT UGN A0 M O A DD o T D o
[ =0 e mHe OO ENOND ¢ 0@ PP~ 000D I NN G S < FIF M) et
OV O T—IMNITMTOOTONOM
et | MDDV G DN IO
Q| WOMQONe— |
|

Stor=--~s ar- Misc'"

L OT £t - Lake Lklevatjons

- ®
¥ &
a &
L
+ &
- L 3
& -«
« *
« 2
« &
« &
+ =
*+ =
« &
« *
&
- LA
£ &
« &«
« &
& =« _ |
Yl - | il
* « | o _ LR & d sl T el wl=l vlrinlalelalal ol alels]l aial SR el o Pl oY o Yot alml ol al sl s lnlelalalal s ol alale)
% & DXy VO NLIINOoOOOOLPDOULDROLELDOOOOODOO00DDDOLODOCOOORODOO
i @ F L de DONMANYDOCOODOODNOOROOOROOC00oN00OOODOLDQUODOR
& t_ Ol ® 20 % @ 908 00 00 F 90 PO R 28 0 00O P S0 e Q89 PO O R PO OO s8R 00
# & K s MNUINEOMOODOOOUOCODORODDOCOCOroOCONDOoODooRoODOBCODE
L *« | WL oTocoeo :
v « « | PO QO M0 M~ 0
ane | O _ [aad AT =T X o}
o swe)l 1 wemnN
a bl B m ,
«@* |
i i"t PN _
« c_j
- a alQ
FYLE NN
«Z e/
LK W [P} ! ﬁ ;
LI ] D0 ¢ VNN VOM~ONACOoOOOOODONRDOOOCO0OCOOODGOCONODDOOC DO
ey WXV OMOETOMOOOCOUOUONOODONOOOCOODO000000OCODODDOOoC0
L& - Bd s oMo O ONOCOOOOODDOOOUCOLOOOOOOECOUOCORDEOOL O
- « £ JXu ® 9 0% ® 0 @ & 80 PP g0 8 000 OO P B 9O 00 0 P B e @ g0 0 090 e 0B 808
LATY IR T - ¢ QOOoO-NMMNUOOOCOO0 00D PDOOODOOODOODODOEOOODOuUCOODIO0
TD Ry HAOL QOoOMI~AMOoNoooINOo ;
th.r_. Al OepNE~NMMROTOVNM A
a3 A= (NO| D DM 1 O DD M O et
aX « ) SR e PP
5 (ESE R\ | ] i |
@y 2| T , SN
3 __-nua _ | || _ Ll __ . { 4 _
* tr..) _ ! [ | , | | ,
iDﬁ‘ | 1 | | H y
iNoH E [ | | | F | i P
iAa@ S| [ , , | Foy || i
|| L3 s_. FOMONNINT @V NS ONDNPINSOONMINM~OO-MNONSVODNSFOIND o
e el ) HODERMSOMONT AN OGN INNTNOMOONNDOM EDIGNTINO~MNOD DTN o
TR N <t o 98753258905.1223455677.395012234556634825154196
IE 7 KR I 3 o T 80 00 0000 00 P00 0000 0000 000 0PaDeRPee SN 000
| leaallll peife @OIIE M D PO OO DN e OO TN U =) e O P o DD T O = O
e DL 000000059999988888”“7776666655555#44%333321
20X OH | edetprdrirteded _ i [ ! | |
FIE R4 (=] , I { || I [ | i |
s00 _ [ i _
- L] 1 | 1 \
s asapn ! f
N R | i [ | |
£ & N=]i | | | I -
-
& - | |
oL O b ” | | | ,
e Do | L P | | , o
i'tE;LA.,1115793223534152223333333333333#436936926151n
sey QAT OISO N2 NN N MNP NN NNO MG NN N GNP QO OO OM O NN
Had® | O ONOVONNODOEITNOM MM @ENTOOON T OMINOOMNPINHOTHNNRNENOW O
,tE.—r: Wi C!.noo“o,oooo_oo-oao-,ﬁomoo-.ooo!ooo-o-.--..oto-oo
- -U”GIR,306_579306433570401 VOIN OO Nt =MD & 0N DM 0 W 0000 )
e o0 N DN I QP U P~ D VI N DD i P~ M O P~ N \D @ (N 00D & Oy DN 0P D - M) O v
e ex o | COINENAPTNOO P OO0 NI NG ¢TI FINONNON N r et el
— A.‘.-.Ui Oun|  Ovle llﬁlg i (. ”
ad | , ﬁ.. W _
* ww |
L I ] o o
« QP” |
LR ]
._Itm
e
LR X JTH
tdeO
b T L) LelS Tl T T TS LAl ST T ST SR T = 1% Lo DI Tor T IS S TS TR ¥ e ¥ o oo LIRS SOU R S PR SR T IR FINY ot SR ST S P N
T2 WO OV L LE OO GNOMINAGM DO = OO DU P+ AT 3 ed rd D v d e L
e M, S UMTDUROCO D AN G INNOOD DM DD T o M0N0 MO 0 0D D e P00
* 40 =Cx ) ® 9 22 0 02 0 9 0 0P 9D C g 8O B B O E OO H T H SO B O @ BB O SO B S T O P W
O E> OO0 0N TOUND L M 4D MM S PO AALO P et D e £ et OIS T KOO - (b @ =P ¢
A anlh e | g INDNONANSGTCOMOONOIDN A DT AP C g et DD NN O DO P 0 M) O
®(D & =T w Hee OO ORI DO PPN O NI S g TP P OO O OJ O ed e 14— 7=
*+ O« el "L
L e R o
«+ O
rxeQ
=% =
LR ok K]
+T s
*« el
* Z a0
LE=E ¥4
botbimded = = (= TR TS PPl e L A ™ | - i : . :
& s e il i IS k! LT [} 31 A g B NECN FIFT, 0L ey s
161X Sp SoEpOngrEsereLsersouEGonnNaE IUBnLELUNGSCLeD
SIS WK SC U BB SV A nE o hoe v tnesbostsdylmimiameE, e ic “
“0 4 AL ® QONDI DU IOt (D0 GO P DU M O eg DO 00 P \D L 7 (e g o T2 G0 P \D Ly € P 3 Ol e e Eo P
0 LD @ FIDIIDIM NI I O O OIS OO O g O ottt g ) & 7 NHON DO P DN 4 FIC 4 2 0N DS AD
R e e T T T R v A AR AP DA
- e = :..555555555555555555::355__::_3555::_..:3___5_3.?_2.355555
LE
a
e




L or £ - S>ummary lable

AR R AR A AR R AR R A AR AN NN AN A PR R A AR R AR AR R AT E AR A AN IR AR P AR AR N AP R AN AR R AT RO S A A AP A AR AR AR AR NI AN IR A AT AN T I AR AN TR AR R TR AT AR N

RER AR RERR LA AR AR R R A AR N T AN S T AR AN AR AR A AN A T A AN A AR R N AN AT A AR AN AR A SRR T AN AR R AN AR AR A R A AR AR AR AL R AR AN A AR AR ARSI ANy

o
-
T o
=<| &
Do
-l
- I~
-
> -
Ll >
el =
ik &
- _"
[ Sk NS I )
=
P 1
o el o
<>
TaO
e o
2«0 O
SW,
WwJ
t s
[+ 8
s g
SRR o
7]
> &l
S0
P
Z+0
- ¢
w
(SRS o ¥
ek =L
O«
OesZ
- T
(=] (1)
x«0 r~
[ N ] w
> ad —
Ts«O
-l -
Z2+0 (%]
[oR ¥+ 4 =
8 O H D
—a = -
O Tujr=a
w
Q
w
z
—
x
P4
(== ]

2150486

« 720
RUNOFF CHARACTERISTICS

INCH/HR
e 30

=L0S INF-RATE

INCHES

1
18-HR 24=HR

TION IN PERCENT OF PHP

ECIPITATIUN AND
12=HR

x>

30

117.00 S
meeeesseecseeceseses-oem-ceeee-o<--=s-e= LAKE_INFLOW _HYDROGRAPH ORDINATES

110400 11404
HYDROGRAPH ORGINATES IN CFS AT

.

el

FLOOD

MAXIMUM

PROBABLE

oM MO O
2 2 008088 00 00
cpoNOV-NRo e
oD o
O ONN e
o~ o0
-

c-2INWOoOM . o
s e 0000000
LSO~ o
~aThha
M M0n
~on e~
|

¢

| |
]
oo NG HP o
o 86 0 0 0 90
00769ﬂ3400
NeEo Yo
| N~
T} 3.
o

cClingnnoiNNo ¢
e e 9o 0o @ & 0 @ 9
opUUNoiNiNOo e
nNeonon
=MD O
el ltAl
2,

O ANINNOoO
® o0 9 © 0 0 9 0
e 0~AMNOVOO

c

)

»250 HOUR IQTERVALS BEGINNING AT ZERO TIME

oot NI C s
20 82 0 9 % p v a0
(1o plv ol ool o [s SRV e R T p Y i =
MDD e
M~
(=1 o o]
ot

0.

il F UMMM
o % e 00 0 0% 0 90
OV i~ NHD OO
—Oa g
MY 0D &
eolin] o]
il

A M) MO D g
® 9% 0 @9 0o 00 0 0
[ TRT 1 T 0aY T XV e E¥a X0 AW SRITN
v a0
N oMoy
[TRRVo R
vl

@ L NN M et 0
9 0 0 00 00 @ g 8|

MIDOM=UNT ) YDy |10

[ NTREVe Il T oY oV} LD
A M) &) ' oo
[9¥] i Te]
— e

OVER DAM
3ab5

N=-VALVE
«037

ON DS
SLOPE

DOWNSTREAM
SLOPE
OF DAHM
1.75H

1V ON
LAKE ======s-eemmcccocceccacacaa-

HEIGHT

DAM
FEEY
384

OF

TD2P OF DAM
LENGTH
FEET
1424,0

TION

5534444

g "
}
- @ o

7

5525600

-—-—‘—————ﬁ_-——-l--—--—&‘------—------———- L
PERCENT

ROUTING
NUMBER

s Apdri O
e P o0 a0
o~ Ao
el al's ok o
(MOM e~
NOOO M
IO vt vl i

MM
® s 20 0 0
[TalealVel ool o]
Mooy
M~ ey oM
OO —

amnhNao
(o TV Naly oY Y o]
e ¢ o 0 o 0
T aMNAD

Moo
MmN
*P e e 0 e
(TplTel"al’elTel =]
i vl v o

N0 OO
oo~ go
e vo 9 @0
0 \D " e 00
rdeded ||

oD
VoMo
® g9 0o
[TelTalbd o1 o1 =1

[allsl=% Ay}
"' =1 N ]
o o ° 9 0 0
vt od ]

[lgloal gethVel ]
O o d
LI I B B
nnnn s o
Lelale el log}
NN
nnnnnwn

e o0 0 09
[T STAVE gl pull ]
~Oae e @
iy Leh g'al'el
[oal- o) RN e L TR R o

[ WRCH SO e ERSLY 3

* o ® 0 0 9
CliatMan |4
o A=Y
4

~ N FIND



re o

SRR AR R AR AN AN A A A A ARSI AA IR AN ANF RSO R AERAA NN AR AT AT RSO o

C nf F - Summary Table

*

* %

DAN”

"LONGHONT COLORADO
IASE- e

[

*
R_

ESERVOI

_R

T e e I ImMmm mmMmmmMM MMM M T MMM T T M M T T T M T T " T T T T T T MM T Ty T T T TNTmTMTmrNrm T T Y O T I YT T T TN TTYTTTTOTTTROTTTYTETETEE e T

DAM INSPECTION HYDROLOSIC ANALYSIS = SUMMARY TABLE
A AR KRR AR AR AR R AR I RN A AN PN I A AP AR RN A AR AR R AR AR R AR AR RS

ROV

"SR

LE G

SULTANTS INCs

AM NFLATED

R

HYDROLOGIC_ANALYSIS OF MAP
AUGUST 1579

F

COMN-MOWVO o
* U0 9 08 aeve
CHe TN e N O O
oo &
00 OO
o 0D
—

°F OF
DAM

FLOW
R

Co
ove

LN DOOE <>
9 ° 0 800 g 0o
oo~~~ INOoo
~aahh e
MMM
Ll A o
4

SLOPE

N-VALVE
ON DS

E
AM

6915430

67
4
00
157
4
&

P

0

i _gg
8

[ el P

SL
OF

DOWNSTREAM
0
1V ON

nNoNNG S
e ® e 200
GO oo
5‘9985
L e AN oy
[

o~

0o
ODel

6e
20 4%
HEIGHT
FEET

T
,.0
«9
2
44
09
-7
o0
0.0
OF DAM

AM

oaN~NNooG IO
* 90 0 0e o0 e ol -
o¢TO~Monuoo l Lol
M ONND@ 1oz

el Lt mlel I ww

141 i 20
O
N ||

.~
@ uaiman,

.n-

INTERVALS BEGINNING AT ZERO TIME

INATES
OUR
%
1
p
H

D
H

3nQQAHN

_ i e R U RO Y o=t
[T NSO R QORDIS
” * | 59 -
I N “7FFAv
4 | e ZO>k
© || i Lo Wl
| Ok | : , a
_Wl | . T Ow
P -
nociothoN ool
TW o oenoeoee oo
COhiﬂUlw%”81:¥$D
= NNO@My40e—y = T
oz | | Ao~ | o -
-t -4 - >0
[T Ly <t
-4 _ wR TR
el L) Ll
[ o= [ | ed =t
LK OOV~ E O =W
XZ o0 00000 ee ojall
e b AN NG 00 —DIEY | N
-0 41257 0 ! (AT
I 4 *40 o '
[~ A i o™ W ' |
[} [ il w w 0>
P § I T S |
1 a | ﬁ = | X%
o= | | | ST
1 oo uﬂwlsasscj | s =
_Sﬁ&Q- o0 o g e ol Xk
1 OO @M= OINWL | LOW
[ N- P~ UL =4 O [ 7]
K= =Ko~ ]
= 1 glaY] )
P o N [
' b
10 1 Twwy
1o 1O X
O~ OINMEFNOMMLIC I~ e
tloo oo 00000l
Lo OTei~rN DO | Ou W
] 0T OT oo
[ o I N @ et ]
1D elinh gl ]
1 X 4t [ ]
™ [ |
1 Wy
I =< | WX
I ZTOUNAM OV -HOIC | =2 -
[] e ® & 00 & 0 0 0 8 8| DZr
| WL el MINODD S ig: § Oralie
[ | P o o ol e 1
1@ 4 OJ =\ 0 M) O ]
| < no 1
1m v 1O>
1O P Zud
(< [ 7]
o | ZWx
] e N NUIM gD | & -
(] 2 6 ¢ 08 0000 e 0| _JF
| oooM~NEOcMedD | OO0 u
(] U ouI M ey 1o
[ ] —aT oy I DL
o=
i

od 3l

1.75H

1424,0 38.4

5534044

T0e 2

54%6 46 54966075 5525_.0_0_

3528.500

La!

ox
o
290
rXrr v
—OX W
o ov

IOun

A
I
R

ROUTING
NUMBE®

D) N0 N o
o 0 0 0 ® g 00
NS VDV -HD
FTVINIUIOM~ O
(o pRN o SR - i | RN |
NoOOQOUMEO 9
NNt et et

LY e o o o e e
® o 0 0 ® ® g & 9
NN & D 0 DO
Ll A Lol Tl
D= et NN N
W a0 Ot

NO OO N DD
AN~ D0 o
e o 0 000 00 8
VNN eEdM—~o

nMmmincCoMmMea o
o~
00 980 000
4 IMNMN NNV o
aimia o Lalalals

TNt oar~NONC
NOS~ NN O
oo e o0 000

o~ Q-O~INo
e e T-elopl b o L op L]
e o ® 8 o a0 @
VAV RV FTeTTo R 2 g o X =

N AD P Dt N~
— O\~ N oan 0
208 000 eoo0 o
Nt vl vt '

: |
O N O DM
[Tel e TV I 1ol e Lol el il
e e & 0 08 0 9
Vo Vo SN RV ITITRlio R o)
MMM NMIMNG)
WMN NN
TelalVelTelial ol ialTs l'p}

s ec 090 0o
CONG SO MD
M0 OO M
AN @ DO
MO~ DT

C OO O

o0 0 000 9 00
SIS DO
D@ M~ DN g oy
-t

- O g LOND P~ QO UD



D S e P T Y 2 e el T Y Y S S ST

DAM INSPECTION HYCROLOGIC ANALYSIS = SUMMARY TABLE

[ R E R R EEE2 R 2R R R R AR R R R E R R RS ERAZEERE RS A RS EEARE S AR AR AR RRR SR R R R R R RS AR Rl R Rl R Rl iR iRl Rt RS RES

GROVE RESERVOIR DAN

AMS DEFLATED

A

HYDROLOGIC ANALYSIS OF MAPLE
AUGUST 1579

LONSMONT COLORADO

SULTANTS INCe.

[

HOUR UNIT HYDROGRAPH DATA AND PARAFETERS

o 7‘C
1.50

W75
HOURS

W50
2+ 60

CeFsS  HOURS HOURS
1.91

apP TP
o720 2156.6

« 580

Je30
MUM STORM PRECIPITATIOUON AND RUNUFF CHARACTERISTIC

EHE IN INCH
e 62

oL
Al
23

-

TNT=LOS 1IN
INCHES
« 30

24=HR

{a-na
1&904,,LLI-00

DéSLEIBUTION'Tﬂ'PERCEHTWOV”PHPW

W _HYDROGRAPH ORDINATES

I ooMin«MNowuoo T F
] e @ ® g % 0 ® g ¢ @8 1o <«
L] OOV [} 20
1 O WNM M Tuo
L] -4 OO o fwao
1 [sa¥=eJN e} f Ol L
1 -t o >
1 ! <
] ]
1 1id
I ol goOMea O 1 >20W
(] e ® @ @0 80 000 1 J00.
| WooogohM~No o s ©O
1 X el a0 s ) 1>
p o - NN [ =17
b b PO~ | -4
] v ]
e ! ]
[N 4 T
"W | =
INODNETD-~OoOD W X
] e o 9 o o @ g o0 | Xl =t
Moo~ naoo | =-ao
= O @~ D (7 L]
4 e 0 I Z2JW
[ 4] (Tg) =1 +] It ZNC
12 13N 1o
] | 1o
1 Z , !
[ 4 ]
ool INTNNee | =X
1D e e 000 %0 0900 | T~
WooVvNonNINooo | WOLW
1 N oo P LY
] - MO0 (W]
[ 7] alala) IfTOo
- o™ ]
1< ]
> ' x
o ) =<
twWooeM~=HININhoOc | O
b o 9 9 00 00 920 0] o o
Zood DriNMowooo | oW
-t 434263 IoEwW
153 | I VTS
a _ o a
o | ZO
o | O
X | | [
ol 89_ ] THN
0] T -
in omﬁu” ° oﬁwm e ee LaxO)
NooMmh SGUURUIS
e MMNREHE -
e L n4 _ _PFA!
_ v N ZO>
| Nt | T
o | 1 aJd
< ! | | "OE"
! | | | -
nooohNm oo oO
I e e ® 0% 8o 29 ae |
Lo DHHMEMNDE0
NNOR-0w, | & T
px | NP~ =
-] i O >0
b 21 LaJ =
W KJHT
palat at
|- LLTE
acooa~ T...A.Bn =l
Eooeoeive s el

110ﬁ&ﬂ2§5181ﬁ§u.3“,

Dol
CREST
"FTeMSL

5520400
MARY OF FLOOD ROUTINGS OF

SPILLMAY

INMha N s
e e 00 0000
OOT it N DI
—OFTOT
e L p T o 8 |
wmin M
el

=i

.
el
OF LAKE

BOTTOM
FTyMSL

SL

MO DO 4l
" 8 0 ° 0 0 0 8
SR 1Tl oalVa Vs RN § 6 000
odaar~a0)
L e IV e L p ot}
[T RVe - 4
Ll

o
Ced
OUTLET
INVERT
FTeM
54564%)

PROHABL; MaXIvMUM FLOOD HYDROGR&PH OR

Cav ¢ NGO e C 1y
e @9 9 000 00090
CIDCAPNNT IO MDD
O
e e k- davlg!

BEGINNING
POOL ELEYV
FT.MSL

NP0
i

1+75H D30 3462
OUGH THE LAKE ====me=me-ceccceceeccemaoen=

1v ON

1424.90 38.4

5534.44

¢8

5496

MAXIMUM

ROUTING
NUMBER

DEPTH OF

LAKE
ELEVATION TOP 0% DAM

LAKE OVER

“FEETY

FTeMSL

MM AN M
® e 00 @
or~aqdnNo e
MmMmOITTam
Oy
Nox O M~
N et o d vt

P~ oninNes
e o g 0 0 0
WiN g~
N 0 N
ek gk g
N

ODOoON~-HOD
DN M~O
® 0 90 ® 9
TN ©

NNV N
- O e O 0y
® 9o @0 ° @
nNinNuvvo
B L e L B

[ealeal ol & g}
QIDW..TQ/U_
oo o0 o0
MO e o
11—11 |

oooNNT D
Ve hoh O
0 00 0 0
mnnNam—ic

0 e O 0
WO NP~ D
* e 0000
-t —

0

Do e QNGO
O e 4 O 00
® ? o0 0
NN TN
MMM
VD NNWIN
TeliellelTeliel's]

e o o % 0 0
oSN~
~NOaNo
A0 N
[sal-of LANeITR - 2

CCCoCHLnCH o

s 0 0 00 0
LY <5 1 Gl S W
Crha =0 W0
-

N SO


kstewart
Highlight


Attachment

Attachment

Attachment

Attachment

Attachment

Attachment

1A

APPENDIX E

ATTACHMENTS

Chronology of Events at Maple Grove Reservoir

State Engineer's Letter Requiring Spillway Modification -

1974
Hydraulic Design Report of Spillway - 1976
Description of 1977 Improvement Project

Letter Describing Safety Procedures Following
Spillway Failure in 1979

Fabridam Sequence During and After a Flood - 1979

RMC




IDATE.

21 Oet 55

1 Feb 87

11 Mar 57

17 June 63

26 Jan 71

8 Nov 71

30 Ligt 72

8 May 74

13 May 74

10 jun 74

14 Jun 74

CCHRONOL ocv DA A
MAPIT GROVE RESTRVOIR
DFFICE OF THE STATE ENGINEER

ITEM

Letter from Lane Engineering transmitting "Analysis of De2sign
for Maple Grove Reservoir Dam" to DWR.

Letter from Lane Engineering to DWR discussing location of
measuring flumes. 4

Letter from DWR to Lane Lngineering approving flume location.

lLetter [rom DWR Lo Consolidated Mutual pointing out hazard of
the failure of the small dam below Maple Grove. Storage in

this small reservoir was banned until repairs were made and

an adequate spillway constructed Lo pass Maple Grove outflows.

DWR Inspection Report showing Maple Grove Dam to be in
excellent repair.

DWR Inspection Report on settling pond below Maple Grove Dam.
Recommends removal of flashhoards and construction ot by-pass
channel to carry Maple Grove {lows.

Letter [rom Wheatridge to DWR expressing concern over proposed
development below Maple Grove.

Letter trom Seracuse-Lawler transmitting drainage report and
spillway data to DWR.

Letter from DWR to Consolidated Mutual requesting upgrading of /
Maple Grove Spillway to pass Standard Project Flood. Unless
construction completed by spring ol 1975, storage would be re-
stricted.

Letter f.om DWR to Seracuse-Lawler pointing out Maple Grove
Dam is adequate but spillway is not.

Letter from Consolidated Mutual to DWR acknowledging restriction
letter of 13 May 1974 stating that consultants were being interviewed
and requesting extension ot 15 June 74 deadline for submission

ot schedule.

Appendix B - Attachment 1

Sheet |



DATE

11/18/55

6/29/56
5/17/60

8/6/60
12/11/70
5/6/73

12413

5/13/74
6/21/74

10/8/74
10/18/74

2/7/75

2/10/75

8/12/75

—

CHRONOLOGICAL SYNOPSIS

MAPLE GROVE RESERVOIR & SPILLWAY

ITEM

State Engineer approved plans for first phase of
construction - 600 A/F storage. (Designed for
ultimate storage of 1,000 A/F. Spillway capacity
approximately 570 C.F.S.)

Construction completed.

State Engineer approved plans for relocated spillway.
(capacity approximately 1,100 C.F.S.)

Construction completed.

621 A/F stofage decree adjudicated (Priority date

12/9/33)
409 A/F conditional decree (Priority date 11/22/54)

Major flood in Lena Gulch Orainage Basin (Spillway
discharge approximately 850 C.F.S)

Intergovernmental Agreement on Lena Gulch Drainage
Project executed by Urban Drainage & Flood Control
District, Golden, Lakewood, Wheat Ridge, and Jefferson
County. -

State Engineer notification to enlarge spillway to
pass "Standard Project Flood".

DMIM-Phillips-Reister authorized to design facilities
to meet State Engineer's requirements.

Minimal inflow for Standard Project Flood defined.

Preliminary design concept completed (flood erosion
protection for entire dam-not accepted)

Cost sharing agreement between Consolidated and Wright
McLaughlin Engineers to expand Lena Gulch Master
Drainage Plan to include cost/benefit analysis of the
Maple Grove Reservoir as a water supply and flood
control facility.

State Engineer authorized additional time to include
Lena Gulch channel improvements in final spillway
design considerations.

LENA GULCH MASTER DRAINAGE PLAN published (Alternate
#3 recommended: Lena Gulch Improvements With Master
Plan Channel With Maple Grove Reservoir Maintained as
a Water Supply; Annual flood reduction costs of
$419,500 with most economic Lena Gulch channe] design
costs. )

Appendix E - Attachment |
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A

Chronological Synopsis - Maple Grove Reseryoir & Spillway - Page - 2 -

DATE ITEM
18/9/25% Public meeting called by Jefferson County Commissioners
to review status of Lena Gulch Drainage Project and
Spillway improvements (Preliminary variable crest spill-
way design presented).

11/19475 State Engineer tentatively aoproyed variable crest
design.

1218715 State Engineer approved Inflatable “"FABRIDAM" concept.

1/22/76 Second pub]fc meeting called by Jefferson County

Commisioners to review progress of spillway design
(Fabridam concept presented in detail - concept
approved by all present, subject to formal action by
the respective Boards and Councils).

2/19/76 - Final hydraulic design of spillway improvements com-
pleted (including two Fabridams).

4/29/76 Third public meeting called by Jefferson County
Commissioners to review progress of spillway design
and various approvals (Final design presented and
concurred in).

4/30/76 Formal application to Jefferson County to issue
Industrial Development Revenue Bonds, primarily to
finance spillway improvements.

7/14/76 Intergovernmental Cost Sharing Agreement on spillway
improvements executed by Urban Drainage & Flood Control
District, Wheat Ridge, Lakewood, and Jefferson County.

7/15/76 Industrial Development Revenue Bond Financing
Agreement executed by Jefferson County and Consolidated.

8/27/76 Cost Sharing Agreement on street improvements across
the Maple Grove Dam executed by Lakewood and Consolidated.

10/14/76 State Engineer approved final spillway design, including
dual Fabridam concept.

12/21/76 Industrial Development Revenue Bond Issue completed.

UAES LT State Engineer approved final plans for Fabridams

and control systems.:

2/18/77 Special meeting to review more economical alternatives
to spillway improvements (Attended by representatives of
Urban Drainage & Flood Control District, the State Engineer’'s
0ffice, M. M. Imbertson & Associates, DMJM Phillips-Reister,
and Consolidated. A1l alternatives rejected - final design
of spillway, Fabridams, and control systems reconfirmed.

8/10/77 Construction completed.
Appendix E - Attachment |
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hn D. Vanderhoof
. C. J. KUIPER

Governor State Englneer

DIVISION OF WATER RESOURCES

Department of Natural Resources

300 Columbine Building
1845 Sherman Street
Denver, Colorado 80203

May 13, 1974

Consoclidated Mutual Water Co.
10075 West Colfax Avenue
Denver, CO

Re: Maple Grove Reservolr C-C757-A
W. Div. 1 W. Dist. 7

Gentlemen:

Recent reviews of the Maple Grove Reservoir Dam and the flood plain
below the dam have shown the need for greater spillway capacity at
this site.

In view of the population downstream and probable loss of life with
the occurrence of a major storm event, a spillway capable of pass-
ing the standard project flood must be designed and constructed at
this dam. In order to facilitate the work and assure public safety,
we are requiring that you submit to this office by June 15, 1974, a

schedule for the engineering and construction work.,

If you wish to continue to use the full storage capacity of this reser-
voir, the new spillway must be constructed prior to the 1975 runoff
season.

Members of this office will be available to discuss these requirements .
with you or your representatives. If you have any questions, kindly
contact the Dams and Reservoir Section of this office.

Very truly yours, ;

CIK:Toseat

cc: W. G. Wilkinson

Arlyn C. Davison .
Appendix E - Attachment 1A
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June 7, 1976

Glen E. Whitten

Vice President

Consolidated Mutual Water Company
10075 West Colfax Avenue
Lakewood, Colorado 80215

Dear Mr. Whitten:

This Tetter report will present an updating of the February 19, 1976

letter for the design of the new spillway for Maple Grove Dam and Reservoir,

which will pass the Corps of Engineers Standard Project Flood for Lena

Gulch above the Reserveoir.

11

DENVER DIVISION - DANIEL. MANN, JOHNSON, & MENDENHALL

INTRODUCTION

Described herein are specifics relating to the hydraulic design
of the spillway for Maple Grove Reservoir to pass the Corps of Engineers
Standard Project Flood and also provide a maximum benefit for storage
and flood peak reduction for floods in the 0-100 year frequency range.
The resulting flood control benefit of the dam and reservoir for the
areas below the dam has been determined to be optimal considering the
imposed requirements for the structure: (1) to pass the Standard Flood
Project; (2) the physical constraints and limitations on spillway size;
and (3) cost. The present design provides for a maximum flood control
benefit within the restrictions imposed on the spillway design.

GENERAL DESCRIPTION

The design of the ogee type spiliway is shown on the accompanying
Figures 1 and 2. The spillway is a chute type concrete spillway with
a modified ogee type crest with suppressed overflow having a clear
opening of 70 feet in width and a minimum of 12.75 feet from the crest
elevation of 5520.0 to the bottom of the bridge passing over the spill-
way. Installed on the crest and illustrated on Figure 2, are two
inflatable (fabridam) dams as follows:

Appendix E - Attachment 2
Sheet |
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Consolidated Mutual Water Company June 7, 1976
Attn: Mr. Glen E. Whitten Page 2

1. A 6'x30" Fabridam. When fully inflated results in a crest elevation
of 5526.0. (Normal inflation will be 5 feet giving a crest elevation
of 5525.0). '

2. A 10'x40' Fabridam. When fully inflated results in a crest elevation
of 5530.0.

A bridge pier 30" from the east wall will serve to provide end
support for the fabridams and also support the bridge over the
spillway.

It is intended that the fabridams will remain inflated during
the occurrence of a flood of a frequency of 1% or greater (0 to
100 year frequency floods.) When the water level in the reservoir
rises to an elevation of 5531.0 and continues to rise, the dams
would begin to deflate at a rate such that they would completely
collapse in about one hour. The time base of the SPF inflow design
flood is such that a one hour deflation time is adequate for
extreme flood conditions. However, the exact final operational
procedure has not been established at the present time.

The minimum elevation of the underside of the new 27th Avenue
bridge, which will pass over the spillway, will be 5532.75 (maximum
of 5533.50). This will give a minimum of 12.75 feet of clearance
over the crest of the spillway (elevation = 5520.0) when the fabri-
dams are completely deflated which provides sufficient area to pass
the Standard Project Flood without causing any overtopping of the
dam embankment (taking into consideration the drawdown from the
reservoir to the spillway crest). The maximum water surface
elevation in the reservoir during the occurrence of a Standard
Project Flood in Lena Gulch will be 5534.9. The dam embankment
will be raised to a minimum 5535.0, thus providing a little
freeboard during the occurrence of the SPF inflow design flood.

Appendix E - Attachment 2
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Consolidated Mutual Water Company June 7, 1976
Attn: Mr. Glen E. Whitten Page 3

The dam and surrounding area on the inlet side of the
spillway will be modified to provide for a smooth transition
from the reservoir to the spillway for proper hydraulic flow
characteristics. A portion of the Rocky Mountain Ditch near the
spillway will be replaced with a buried concrete pipe, which is
necessary to facilitate the spillway inlet modifications and to

maintain an access road around the reservoir.

The hydraulic design of the spillway crest profile, chute,
and stilling basin is shown on Figures 1 and 2.

ITI. HYDRAULIC AND HYDROLOGIC DESIGN DETAILS

A. Spillway Hydraulic Characteristics

Enclosed are four figures relating to the passage of flood
waters through the reservoir and spillway for various conditions.
Figure 3 presents the area-capacity curve for Maple Grove Reservoir.
Figure 4 presents the water surface elevation vs. discharge curve
for the spillway. Shown as the solid line is the discharge curve
with the fabridams deflated. The dashed line is the discharge curve
when the fabridams remain inflated. The zone between these two
curves represents the water surface elevation vs. discharge relation-
ships that are possible depending on the specified type of

inflatable dam operation.

To achieve optimal flood storage benefits for floods in the
0-100 year frequency range, the fabridams would remain inflated
until the water surface in the reservoir reached 5531.0 during the
occurrence of a flood. When the water surface reaches this elevation
then the fabridams would begin deflating and continue until

completely deflated as Tong as the water surface elevation continued

Appendix E - Attachment 2
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rising. If the water surface elevation in the reservoir began
dropping after the dams had deflated to some level, then the fabri-
dams would cease deflating and begin inflating, continuing until
completely inflated as long as the water surface elevation continued
to drop. The dotted 1ine in Figure 4 represents the assumed stage-
discharge relation when the fabridams are deflating for the occurrence
of a Standard Project Flood. This information was used in the routing
of the Standard Project Flood through the Reservoir.

The stage-discharge curve for flow over the fabridams in the
fully inflated mode was determined using variable-with-head discharge
coefficients obtained from model studies. The stage-discharge
curve for flow over the spillway crest with the fabridams deflated
was determined using discharge coefficients obtained from model
and prototype spillway tests performed by the Bureau of Reclamation.
The spillway crest profile shown in Figure 2 is very similar to the
Bartlett Dam spillway tested by the Bureau of Reclamation. The
discharge coefficients vary between 3.02 at a head of 1.0 feet
(W.S. elevation in reservoir = 5521.0) to 3.45 for the spillway
design head of 15 feet. (W.S. elevation = 5535.0.)

Figures 5 and 6 illustrate the 100-year and Standard Project
inflow design flood hydrographs for Maple Grove Reservoir. The
figures also illustrate the routed outflow through the spillway.

The peak flow data into and out of the reservoir are tabulated

below:
Maximum
Flood Maximum Inflow Maximum Qutflow Water Surface
100-Year 3820 cfs 1725 ¢fs 5530.70
SPF 13950 cfs 13780 cfs 5534.90
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Figure 5 illustrates the flood control benefit of Maple Grove
Reservoir as a flood control facility for the 100-year flood, with
the spillway and fabridam configuration as had been described. The
100-year inflow flood peak of 3820 cfs is reduced to an outflow
of 1715 cfs in passing through the reservoir. This outflow compares
very favorably with the 1500 cfs peak flow which was used in the
Lena Gulch Study performed for Urban Drainage District.

The freeboard for normal reservoir operation will be 10.0 feet.
During the passage of a 100-year flood the freeboard will be about
4.3 feet and this will drop to about 0.1 foot during the passage
of a Standard Project Flood. This amount of freeboard for the various
conditions results in acceptable factors of safety from the stand-
point of dam overtopping.

B. Spillway Chute and Stilling Basin

The chute is designed to carry the Standard Project Flood
without any overtopping of the concrete walls. The depth of flow
in the chute varies from 10.6 feet near the top of the chute to a
minimum of about 3.7 feet before entering the stilling basin for a
flow of 13,780 cfs.

The design of the stilling basin shown on the figures was
based on the Bureau of Reclamation's criteria for the design of
Type III Hydraulic jump basins and was sized for a flow of 80 cfs/
ft. of stilling basin width. This gives a total flow of 5600 cfs
through the basin. It was determined that the design of a hydraulic
jump stilling basin for a flow of 13,780 cfs (SPF) would require
excessively high walls and the stilling action would not accomplish
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much as the natural slope of the channel immediately downstream

of the stilling basin is greater than the critical slope and
supercritical velocities will occur in this area no matter what

is done in the stilling basin. In discussing this with personnel
in the State Engineer's office, they indicated that this design
concept would be acceptable as long as the base of the dam was not
affected and/or it was satisfactorily protected from the under-
mining with flood waters for the SPF.

The stilling basin is so sized that an hydraulic jump will
occur in the basin for any flow of 5600 cfs or lower. For larger
flows, the jump will not occur until reaching the wash water waste
pond downstream. This is completely free of the structure, but
to protect the spillway, chute, and stilling basin from erosion
taking place underneath and near the structure, sheet piling will
be installed at the end of the stilling basin. Also, riprap will
be used to line the channel below the stilling basin to protect

it from erosion caused by a 100-year flood or less.
IV. CONCLUSION AND SUMMARY
The final hydraulic design incorporates the following:

1. Removal of existing spillway.

2. Construction of 72 foot wide (spillway crest widths of 30 feet
and 40 feet under the bridge) concrete spillway with varying wall

heights for the crest, chute and stilling basin.
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3. Installation of two fabridams to control the normal storage
level and to contrp] the downstream flow during flooding periods.
A 6'x30' fabridam and a 10'x40' fabridam separated by the 2 foot

wide bridge pier.

4, Raising of the top of the dam to elevation of at least 5535.0 except
over the spillway which will be raised higher due to the bridge.

5. Installation of a bridge over the spillway with the bottom of the

bridge at a minimum elevation of 5532.75.
6. Reconstruction of 27th Avenue over the Dam.

7. Converting a portion of the Rocky Mountain Ditch to closed conduit
flow. |

8. Miscellaneous recontouring of the inlet to the spillway and the
outlet of the stilling basin and the placement of required riprap.

This letter report has summarized the final hydraulic design of the
spillway for Maple Grove Reservoir and Dam. This is for your information
and files. We are presently proceeding with the final structural and related

designs and fabridam design and operational procedures at the present time.
Very truly yours,
DHMJIM - PHILLIPS-REISTER, INC.
/4ffim%ﬁ/?7§ 57< ;22%239¢é52;”\~/

KAM : vw Kenneth A. Mangelson, P.E.

cc: C. J. Kuiper, State Engineer
Scott Tucker - UDFCD
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MAPLE GROVE/LENA GULCI/VW. 27th AVE. IMPROVEMENT PROJECT

The opening of W. 27th Ave., from Youngfield Street across the Maple

Grove Dam, on July 1, 1977, signals the near completion of a majorrifMprovemerntt
eproject boelng accomplished through Fhe cooperative cfforts of several local
Government FEntities and The Consolidated Mutual Water Company, a private
company.

The Maple.Grove Reservoir, constructed in the late-1950/s, is a major
component of the Company's water storage and treatment facilities currently
providing domestic water scrvice to a populous of 15,000 in portions of
Northwest Lalewood, Applewood, Wide Acres, Pleasant View, and Sixth Avenue
West.,

The principal features of the project include a new spillwaﬁ on the east
end of the dam, a 5' raise in the dam embankment, a new bridge and major
street improvements across the dam, and inflatable "Fabridamé' designed to
automatically control the {low of water under va;ying flood conditions.

The new spillway, in conjunction with the increascd flood routinpg capacity
mately.14,000 cubic feet of-water pervsecond? This ratc of flow was establish-
ed by the Colorado State Engineer as neccessary to protect the safety of the
dam under maximum anticipated flood conﬁitions for the Lena Gulch drainage
basin.

A unique feature of the project is two inflatable "FPabridams' (one &'

high -y 30' long, and one 10’ high by 40' long) and a sopliisticated control

more - ;
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feabure was speclfdec.ly incorporaLcd in” the‘praqLcc inWLﬁqpuguxw““
A

Urban Drainage and Flood Control District, and is designed to accowﬁédatc thé'
District's Master Plan for downstream channel improvements to the Lena Gulch
Draiﬁage System,

The new spillway design and the ralsing of the dam required the installation
of a bridge and the rebuslding of W. 27th Ave. across the dam. In cooperation
with the City of Lakewood, extensive strcet improvements were incorporated
in the project, including curb and putter, drainage, guard rails, chain link
fencing, street lipghting, and a 7' sidewalk.

The total cost of the project upon cempletion 1s estimated at nearly
$800,000. As a result o. a series of c00perativo agreements, The Urban Dralnage
and Tlood Control Distriect, the Cities of Lakewood and Wheat Ridge, and
Jefferson County, are jointly financing the added cost of special flood
control features, and The City of Lakewood 1s financing a major portion of
the street improvements.

The estimated net cost of the project to the Company is $640,000, which
together with other necded improvements to the Company's water system, requir-
od ﬁdditionn] Jong—tern financing. Throuph the cooperative efforts of the
Jefferson County Commissioners, favorable financing was acecomplished. 1In
December 1976, the County issucd $1,300,000 of tax exempt Industrial Develop-
ment Revenuce bonds under the provisions of the Célorado County and Municipality
Leonomic Development Devenue Boud Act.  The entire bond issue was sold to
Boettcher & Company, Investment Bankers, at exceptionally favorable interest
rates of 6%% aud 6-5/8%. Jefferseon Darnk and Trust of Lakewood was appointed
as Bond Trustee for the issue.

It now appears that it wmay be necessary to temporarily clese V. 27th
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of the project. FEvery effort will be made to keep the inconvenience to the

public at a minimum during this temporavy closing.

For further information, call Virgil L. Hill - 238--0451.
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DRAFT - Suggested response for Governor Tamm i

Prepared by Bill Mattern - Deputy State Engincer

fames L. Gilbert

Attorney and Counselor at Law
7903 Ralston Road

Arvada, CO, 80002

Dear Mr. Gilbert:

In response Lo your letter of May 13, 19749 regarding Lena Gulch and Maple
Grove Reservoir, I will supply the following information as to the procedurcs that
have taken place in an cffort to alleviate [utvie problems.

I believe you are aware that the (ncldent that occurred iMarch 17, was an
apparent Sctiof-vandalisih and the following steps have baen taken to alleviate
the reoccurrence of such an act taking place in the future,

After repair work was made to the Tabrl-Dam In the spillway of Maple Grove
Reservoir-a changeover wag nmade from usihg air in the Fabri-Dam ;{6 using watdr.
This was accomplished on April 2. In addition, on-site survelllande by the per-
sonnel of Consolidated Mutual Water Company is accomplished at half hour
intervals, '24 hours a day,seven days awodk. This ts not done on a rouline
fixed schedule whareby these on-slte survelllance inspections would not establish
a pattern which anyone could follow. Another phase 18 the securlty lghting., This
lighting system has becn Installed and in operation since March 27, In addition,

a low: pressure-monitor and alarm system has been put into operation which activates
a visual and .audio alert in the treatment plant anytime the pressure make-up system
in the Fabri-Dam operates for longer than two miinutes. This system was installed
*and-has-been-in operation since Nune 1, o

Additional sccurily means which {s taking place is the Ingfallation of:ad=
ditional security fences which are currently being installéd. A variance has been
applied for with the City of Lakewood to allow [or a barbed wire overhang above
the fenced enclosure. Alternatives for supplying of emergency powner are also
being worked on at this thme and at this date have nol been finallzed. Tuture
precautionary measurcs are being worked on at this time as proposed by the
company's engineers and a fuse plug type structure would be utilized in lHeu of
the bulkhead gates. The purposce of this 1s to assure that any unintentional deflation
of the Fabri-Dam would rclease only that water stored between the fuge plugs and
the Fabri-Dam. This would be a quantity of less than 1/10 of an acre foot, These
plans are tentatively approved and the constiuction detatls, including material
specifications, will be submitted to the Offtee of the State Ingnear for review
and final approval.
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Page 2 - Draft response for Governor Lamm

I also wish to polnt out at this time that for many years prior to the present
time, recommendations have been made through the State Engineer's Division of
Water Resources for the county to prohibit construction and encroachment along
Lena Gulch, due to the fact that this is what always has bean a natural water
course. Needless to say, the county commissioners, or those in the position to
control this situation, have not taken many steps to prohibit such encroachment and
it appears that the progress now being made through the Urban I'lood Control
District will undoubtedly prove to be expensive, but this {s the only alternative
approach that it appears can be taken at this time.

I hope this serves as an answer to thosce concerns that you and the people
you represent will have In the future. Tf T can be of future assistance pleasc
contact my office.

Very truly yours,

Richawd D, Lamm
Covernor
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MAPLE GROVE RESERVOIR SPILLWAY

FABRIDAM DEFLATION SEGQUENCE DURING A FLOOD Jul o 81979
Ylhen water level
in the reservoir
rises to elevation:
" 6525 Normal maximum water storage elevation.
. 5525+ Slight spillage takes place thru folds of 6' Fabridam at abutments.
5526 Nominal crest elevation of 6' Fabridam. Above this elevation water

will be spilling over the full width of the 6' Fabridam.

£527.09 Control system.automatically increases the internal pressure in
both 6' & 10' Fabridams to compensate for deformation of the
Fabridams due to the increased upstream water pressure. Increased
internal pressure will be maintained until either (a) the Fabridam
deflates to pass a flood in excess of the 100 year flood, or (b)
the lake level recedes below 5526.67.

5530.65 Water is beginning to spill over the 10' Fabridam. Discharge thru
spillway = 1700 cfs. The 1" water release valve from the 6'
Fabridam opens and the 6' Fabridam slowly begins to deflate. (On
"winter" setting this step does not occur). Air and water supply
valves to both Fabridams are de-activated.

5530.70 2" water release valve (summer) or 1/2" air release valve (winter)
from 6' Fabridam opens; 6' Fabridam is now deflating faster.

5530.75 4" water release valve (summer) or 1" air release valve (winter)
from 6' Fabridam opens; 6' Fabridam is now deflating much faster.
Also, 1/2" air release valve from 10' Fabridam opsns; 10' Fabridam
begins to deflate slowly.

5530.80 1" air release valve from 10' Fabridam opens; 10' Fabridam deflates
faster. (On "winter" setting, the next three steps do not occur).

5530.85 1" water release valve from 10' Fabridam opens (summer).
10" Fabridam is deflating faster.

5630.50 2" water release valve from 10' Fabridam oper: (summer);
10 Fabridam is deflating faster.

5530.95 - 6“ water release valve from 10' Fabridam opens (summer);
10' Fabridam is now deflating at maximum speed.

If the reservoir stops rising nothing will change until the water begins to recede
: . if a Fabridam is in the process of deflating s1ou1y it will continue to do so
UFL11 the reservoir level begins to fall.

In "sunmer" operation the &' Fabridam is filled with water; the 10' Fabridam
approximately half water, half air. In "winter" operation both are filled only with air.
Seasonal changeovers are made manually.

The Fabridams will not re-inflate until the reservoir level falls below elevation
5530.00 as follows.
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FABRIDAM RE-INFLATION SEQUENCE J;jL 9 vg?g
As reservoir
level drops
below elevation:
5530.95 6" water relecase valve from 10' Fabridam closes (Summer);
both Fabridams are still deflated. On "winter setting
this and the next two steps do not occur.
5530.90 2" water release valve from 10' Fabridam closes (summer).
5530.85 1" water release valve from 10' Fabridam closes (summer);
both Fabridams are still deflated.
5530.80 1" air release valve from 10' Fabridam closes.
5530.75 1/2" air release valve from 10' Fabridam closes; 10' Fabridam is
ready for re-inflation, but will not automatically re-inflate.
4" water release valve (summer) or 1" air release valve (winter)
from 6' Fabridam closes; 6' Fabridam is still deflated.
5530.70 2" water release valve (summer) or 1/2" air release valve (winter)

from 6' Fabridam closes.

5830.65 1" water release valve (summer) from 6' Fabridam closes; the 6'
Fabridam is now ready for inflation. Air and water supply valves
for both Fabridams are reactivated, ready for normal automatic operation.

5530.00 Both Fabridams begin to re-inflate. When fully inflated, water
stops spilling over 10' Fabridam; water is still spilling over
the re-inflated 6' Fabridam.

5526.67 The control system automatically decreases the 1ntnrna1 pressure
in both Fabridams back to normal.

5526+ Water stops spilling over crest of re-inflated 6' Fabridam.

5525+ Spillage thru folds at abutments of 6' Fabridam ceases.

As a safeguard, in case of a power failure or failure of the control system,
the following would take place as the reservoir level rises:

Under summer operating mode, when the internal water pressure in the Fabridam
exceeds the elevation of the siphonic pressure relief, the Fabridam will automatically
deflate. If the siphon breaker valve (at the top of the inverted U siphon) is closed,
the Fabridam will deflate completely without stopping. If the siphon breaker valve
is open, the Fabridam will deflate at a slower rate and will cease to deflate if the
lake level recedes before the Fabridam is completely deflated.

Under winter operating mode, if the internal air pressure exceeds the head due
to the water depth in the blowoff tank, the Fabridam will automatically deflate.
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