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DEPARTMENT OF THE ARMY
NEW ENGLAND DIVISION, CORPS OF ENGINEERS
424 TRAPELO ROAD
WALTHAM, MASSACHUSETTS 02154

REPLY TO
ATTENTION OF:

NEDED JUN 19 1980

Honorable Richard A. Snelling
Governor of the State of Vermont
State Capitol

Montpelier, Vermont 05602

Dear Governor Snelling:

Inclosed i8 a copy of the Knapp Brook Site No. 2 Phase I Inmspection
Report, which was prepared under the National Program for Inspection of
Non~Federal Dams. This report is presented for your use and is based
upon a visual inspection, a review of the past performance and a brief
hydrological study of the dam. A brief assessment is included at the
beginning of the report. 1 have approved tne report and support the
findings and recommendations described in Section 7 and ask that you
keep me informed of the actions taken to implement them. This follow-up
action is a vitally important part of this program.

A copy of this report has been forwarded to the Department of Water
Resources, the cooperating agency for the State of Verwont. In
addition, a copy of the report has also been furnished the owner, State
of Vermont, Fish & Game Department, Montpelier, Vermont 05602.

Copies of this report will be made available to the public, upon
request, by this office under the Freedom of Informatiom Act. In the
case of this report the release date will be thirty days trom the date
of this letter.

I wish to take this opportunity to thank you and the Department of
Water Resources for your cooperation in carrying out this program.

Sincerely,
Incl &x‘ B. SCHEIDER
As stated Colonel, Corps of Engineers

Division Engineer
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MATIONAL DAM INSPECTION PROGRAM
PHASE I INSPECTION REPORT

1dentification No: VT00077

Name of Dam: Knapp Brook Site No. 2
Town: Cavendish

County and State: Windsor County, Vermont
Stream: Knapp Brook ’

Date of Inspection: April 23, 1979 and May 22, 1979

BRIEF ASSESSMENT

The Knapp Brook Site No. 2 Dam is an earth embankment with clay
core. The dam is approximately 540 feet long and 27 feet high. The
dam and pond are currently utilized as a State of Vermont Fish and
Game pond. A semicircular spillway structure containing a 4-foot by
2-foot sluice gate is the primary control of flow at the dam. This
structure handles both seasonal and flood flows while an outlet struc-
ture with stop logs controls daily runoff. The drainage area for
this dam is 2.9 square miles and under normal conditions has an im-
poundment of 368 acre-feet with a surface area of 36 acres.

The dam is classifetd as small and has a significant hazard
potential. Based on size and hazard classifications, a one-half
Probable Maximum Flood (1/2 PMF) of 45 CFS was used as the test flood.
The routed test flood outflow was 4,360 CFS. The total spillway
capacity is 7150 CFS which is 164 percent of the test flood outflow.
The test flood would be 1.4 feet below the crest of the dam.

The dam is judged to be in fair condition. The following sig-
nificant findings were determined during the investigation:

1. The lowermost retaining wall of the spillway chute is
experiencing lateral movement due to frost action.

2. The routed test flood outflow exceeds the concrete spillway
capacity. The old earth spillway chanmel could erode and
undermine the new concrete discharge channel should floods
equivalent to the test flood occur.

It is recommended that the following actions be instituted under
the gulidance of a registered professional engineer qualified in dam
design within one year of receipt of this report:

1. The dilplacement of the retaining walls of the spillway
channel should be evaluated.
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2.

‘3.

The concrete channel spillway should be evaluated with regard
to the need for greater flood capacity.

Institute a biennial program of technical inspections to in-
clude monitoring of the wet areas on the right stream bank
immediately downstream of the outlet structure for flow volume
and evidences of soil transport.

Provide round-the-clock monitoring during periods of unusually
heavy rainfall or high project discharge.

Prepare a formal warning plan.




This Phase I Inspection Report on Knapp Brook Site No. 2

has been reviewed by the undersigned Review Board members. In our
opinion, the reported findings, conclusions, and recommendations are
consistent with the Recommended Guidelines for Safety Inspection of
Dams, and with good engineering judgement and practice, and is hereby
- submitted for approval.

CARNEY M, "TERZIAN, MEMBER
Design Branch
Engineering Division

9‘4/%% é%odw

JOSEPH A. MCELROY, CHAIRMAN
Chief, NED Materials Testing Lab.
Foundations & Materials Branch
Engineering Divigion

APPROVAL RECOMMENDED:

Eéét B. FRYAR i

Chief, Engineering Division




PREFACE

This report 1s prepared under guidance contained in the Recom-
mended Guidelines for Safety Inspection of Dams, for Phase I Inves-
tigations. Copies of these guidelines may be obtained from the
Office of Chief of Engineers, Washington, D.C. 20314, The purpose
of a Phase I Investigation is to identify expeditiously those dams
which may pose hazards to human life or property. The assessment
of the general condition of the dam is based upon available data
and visual inspections. Detailed investigation, and analyses in-
volving topographic mapping, subsurface investigations, testing and
detailed computational evaluations are beyond the scope of a Phase
I Investigation; however, the investigation is intended to identify
any need for such studies.

In reviewing this report, it should be realized that the reported
condition of the dam is based on observations of field conditions
at the time of inspection along with data available to the inspection
team. In cases where the reservoir was lowered or drained prior to
inspection, such action, while improving the stability and safety of
the dam, removes the normal load on the structure and may obscure
certain conditions which might otherwise be detectable if inspected
under the normal operating environment of the structure.

It is important to note that the condition of a dam depends on
numerous and constantly changing internal and external conditions, and
is evolutionary in nature. It would be incorreect to assume that the
present condition of the dam will continue to represent the condition
of the dam at some point in the future. Only through continued care
and inspection can there be any chance that unsafe conditions be
detected.

Phase I inspections are not intended to provide detailed hydro-
logic and hydraulic analyses. In accordance with the established
Guidelines, the Spillway Test Flood is based on the estimated "Probable
Maximum Flood" for the region (greatest reasonably possible storm
runoff), or fractions thereof. Because of the magnitude and rarity
of such a storm event, a finding that a spillway will not pass the
test flood should not be interpreted as necessarily posing a highly
inadequate condition. The test flood provides a measure of relative
spillway capacity and serves as an aid in determining the need for
more detailed hydrologic and hydraulic studies, considering the size
of the dam, its general condition and the downstream damage potential.
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SECTION 3 - VISUAL INSPECTION

3.1 Findings

a.

General

The dam was inspected on April 23, 1979 when the water level
was 2.3 feet below the crest of the spillway weir and about

8 feet below the crest of the dam. Water was flowing through
the gate located to the right of the spillway and into the
spillway channel. There was still snow on part of the down-~
stream slope and thus the downstream slope was reinspected on
May 22, 1979. On May 22 the water level in the reservoir was
several inches below the spillway weir crest.

Dam

The dam is an earth embankment with a concrete intake structure
and an outlet pipe through the dam and a concrete spillway in
the left abutment.

The upstream slope of the dam is covered with riprap to within
an elevation of about 4 feet below the crest. The upper part
of the slope is grass covered (see Photo 3). The riprap is

in good condition with some displaced riprap in a few small
areas (see Photo 4). The crest of the dam is covered with
gravel and is apparently used as a service road. There is no
significant erosion on the crest. The downstream slope is
grass covered and shows no sign of erosion or sloughing (see
Photo 8). There were no wet areas observed on the slope. At
the lowest point of the toe there is riprap protection for the
slope because of tailwater from Knapp Brook Pond No. 1.

Appurtenant Structures

The inlet structure is connected by a wooden bridge to the
crest of the dam. One of the posts supporting the bridge is
broken as a result of ice pressure (see Photos 2 and 11). The
concrete outlet structure is in good condition (see Photo 12).
Immediately downstream of the outlet structure and along the
banks of the old stream bed there is some erosion and apparent
seepage near the dam (see Photo 13).

The concrete spillway at the left abutment is generally in
good condition. The spillway weir is in plan a half circle
and there is also a gated outlet at the right end of the weir
as shown in Photo 5. There is some inward movement of the
retaining walls of the discharge channel which has resulted.




2.1

2.2

2.3

2‘4

SECTION 2 - ENGINEERING DATA

Design Data

The plans describing the design of this earth embankment dam,
outlet works and emergency spillways -~re contained in Appendix
B of this report.

Construction Data

The present dam is a 540-foot earth embankment with a clay core
and impervious zones on the up and downstream side of the core
which is 540 feet long overall with about 100 feet of the left
abutment occupied by the emergency spillways. It was designed

by the firm of Haley and Ward Engineers in 1960 and was con-
structed by the State of Vermont Fish and Game Commission in 1962.
The spillway was redesigned by Dufresne-Henry Engineering Cov-
poration in 1973 and construction was completed in the spring of
1974.

Operation Data

Both Knapp Brook Pond Sites No. 1 and No. 2 are operated by the
State of Vermont Fish and Game Department and are used as fishing
ponds. According to Fish and Game personnel, Knapp Brook Site No.
2 Dam is operated on a seasonal basis. The 4-foot by 2-foot
sluice gate is opened in late fall and left open until spring
runoff has taken place. After the spring runoff this sluice gate
is closed and the water level is then maintained at the top of
the semicircular weir. The other sluice gate at the outlet works:
is not normally used, but the stop logs are being used to control
pond temperatures. )

Evaluation

a. Availability

The design plans for this dam are on file with the Agency of
Environmental Conservation, Department of Water Resources,
Montpelier, Vermont 05602,

b. Adequacy

The lack of in-depth engineering data does not allow for an

in-depth analysis of the dam. Therefore, the adequacy of the
dam must be based on visual inspection, past performance his-
tory and sound hydrologic and hydraulic engineering judgment.

c. Validity .
Not applicable.
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(5) Upstream Channel

The upstream channel is a 60-foot wide excavated channel
30 feet long. Included is a 6-foot, 3-inch wide concrete
box approach channel which is 25 feet long.

(6) Downstream Channel

Knapp Pond No. 1.

Regulating Outlets

Both the wall on the semicircular weir and outlet structure
have sluice gates. The approach channel to the sluice gate
of the semicircular weir also contains a bar screen on the
upstream end. The outlet structure also has one set of stop
logs in series in addition to a 2-foot by 2-foot sluice gate
with an invert elevation of 93.5.

1-9
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(5) Side Slopes

Downstream slope - 1:3
Upstream slope - 1:3

(6) Zoning

Central clay core, upstream impervious fill, downstream
impervious fill with pervious shell.

(7) Impervious Core

6-foot thick clay core to elevation 110.0.

(8) Cut-off
Clay core extends 3 feet into old channel cross section
and old concrete cut-off wall is extended down 4 feet

below old spillway crest.

(9) Grout Curtain

None known.

Diversion and Regulating Tunnel

Not applicable.

Spillway
(1) TIype

New - semicircular weir with concrete chute.
0ld - earth cut with concrete weir.

(2) Length

- New - 62.8-foot crest of semicircular weir.
01d - 57-foot crest.

(3) Elevation of Crest

107.0 feet, semicircular weir.
109.0 feet, old weir.

(4) Gates

. 4-foot by 2-foot at invert elevation of 103 in right
gide of semicircular weir.

1-8
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8.

€3) Spillway Crest Pool

368 acre-feet.
(4) Top of Dam
623 acre-feet.

Reservoir Surface

(1) Recreation Pool

30 acres - winter and spring (elevation 103).
36.5 acres - summer and fall (elevation 107).

(2) Flood Control Pool

Not applicable.

(3) Spillway Crest

36.5 acres.

(4) Test Flood Pool

42.0+ acres.

(5) Top of Dam
44.0+ acres.

Dam
(1) Iype
.Compacted eargh embankment with clay core.
(2) Length
540 feet.
(3) Height

27.3+ feet above streambed.
21.7+ feet above Knapp Pond #1 normal water surface.

-

(4) Top Width
20 to 24 feet.
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(4) Recreation Pool

107.0 - gate closed, summer and fall.
103.0+ ~ gate open, winter and early spring.

(5) Full Flood Control Pool

Not applicable.

(6) Spillway Crest

107.0 - new spillway; 109.0 - old weir.

(7) Design Surcharge

Not applicable.

(8) Top of Dam
113.3+.

(9) Test Flood Surcharge

111.8
Reservoir

(1) Length of Maximum Pool

" 3,400 feet.

(2) Length of Recreation Pool

3,300 feet.

(3) .Length of Flood Control Pool

Not applicable.

Storage
(1) Recreation Pool

233 acre-feet - winter and spring (elevation 103).
368 acre-feet ~ summer and fall (elevation 107).

(2) Flood Control Pool

Not applicable.

1-6




C.

by 1 to 1.5 feet. Estimated discharge was approximately
720 CFS. This overflow resulted in a substantial amount
of erosion in the earthen exit channel which has since
been replaced by the new emergency spillway.

(3) DUngated Spillway Capacity at Top of Dam

. 7,150 CFs at 113.3.

(4) Ungated Spillway Capacity at Test Flood Elevation

4,360 CFS at elevation 111.8.

(5) Gated Spillway Capacity at Normal Pool Elevation

Not applicable.

(6) Gated Spillway Capacity at Test Flood Elevation

Not applicable.

(7) Total Spillway Capacity at Test Flood Elevation

4,360 CFS at elevation 111.9.
3,100 CFS - new spillway.
1,260 CFS - old weir.

(8) Total Project Discharge at Test Flood Elevation

4,360 CFS at elevation 111.8.

Elevations

The following elevations are based on a local datum which is
tied into Knapp Brook Site No., 1 Dam drop structure. The
elevation of 107.0 at the crest of the semicircular weir is
the datum at Knapp Brook Site No. 2. The water surface
elevation is estimated to be about 1,280 feet above MSL by
use of USGS map as no precise survey exists for MSL datum.

(1) Streambed

86.0 + base of dam.
91.0 + outlet of discharge pipe.
91.8 + outlet of spillway channel.

(2) Maximum Tailwater
]

98.0 + estimated for PMF at Knapp Brook Site No. 1.

97.0 + estimated for one-half PMF at Knapp Brook Site No. 1.

(3) Upstream Portal Invert Diversion Tunnel

Not applicable.

1-5




Knapp Brook Site No. 2 Dam is operated on a seasonal basis.
The 4-foot x 2-foot sluice gate is opened in late fall and
left open until spring runoff has taken place. After the
spring runoff this sluice gate is closed and the water level
is then maintained at the top of the semicircular weir. The
other sluice gate at the outlet works is not normally used,
but the stop logs are being used to control pond temperatures.

1.3 Pertinent Data

Drainage Area

The drainage area of Knapp Brook Site No. 2 is 2.89 square
miles with 90 percent forest land and the remainder being
pasture land. The main channel is approximately 2.6 miles
long with an average stream slope of 135 feet per mile. The
drainage basin is covered with 50 percent Woodstock-Colrain
associated soils and 50 percent Colrain-Buckland associated
soils. The upper elevations in the basin are approximately
1,800 feet MSL while the pond is at approximately 1,280 feet
MSL.

Discharge at Dam Site

(1) Outlet Works

The outlet works at Knapp Brook Site No.'2 consist of an
outlet structure with service bridge and an emergency
spillway at the left abutment (see Photo 2). The 6.5 x
7 x 16.5 outlet structure is a concrete structure loca-
ted 50 feet upstream of and near the center of the dam
embankment. This structure has stop logs and a 2-foot
by 2-foot sluice gate for controlling normal water sur-
face. The stop logs extend from the invert of the 24-
inch discharge pipe to 1.5 feet below the top of the
structure (see Photo 11). The second structure is an
emergency spillway consisting of a 63-~foot long semi-
circular weir with a 4-foot by 2-foot sluice gate at

the right end of the weir wall (see Photo 5). The spill-
way chute discharges into Knapp Brook Site No. 1 which
i8 located at the foot of the structure (see Photo 6).

(2) Maximum Known Flood at Dam Site

There are no gauging stations or operating records for

the Knapp Brook Dams, but according to Bob Horton, Fish

and Game Department Meintenance Supervisor, the maximum
s known flood at the Knapp Brook Site No. 2 Dam was the '

1973 flood. According to Dufresne-~Henry engineering

personnel, the water overflowed the old concrete weir

1-4
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Ownership

The present owner of_Knapp Brook Site No. 2 is:
State of Vermont
Fish and Game Department
Montpelier, Vermont 05602

Telephone: 802-828-3371

Operator
Mr. Bob Horton, Maintenance Supervisor
Fish and Game Department
Chittenden, Vermont 05737
Telephone: 802-773-9507
Purpose

The Knapp Brook Ponds 1 and 2 were constructed as part of a
fish management project for southern Vermont and they are
still being used for this purpose.

Design and Construction History

This dam was designed by Haley and Ward in 1960 and built
shortly afterwards (see plans in Appendix B). The original
dam included the present earth embankment with clay core

and an emergency spillway consisting of a 100-foot concrete
welr and an earth exit channel at the left abutment. After
the July 1973 flood, Dufresne-Henry Engineering Corporation
was hired to design a new emergency spillway in place of the
then badly eroded exit channel and service bridge to the
outlet structure. This new concrete spillway consists of a
semicircular weir and tapered discharge chute into Knapp
Brook Site No. 1 pond and was constructed by Lowell Engineering
Corporation, Inc,, Lowell, Massachusetts, and was finished in
1974. .

-‘With the exception of a new stem to the spillway sluice gate,

there are no indications of repairs, patching or new con-
struction since the structures were rebuilt in 1974.

Normal Operating Procedures

Both Knapp Brook Pond Sites No. 1 and No. 2 are operated by
the State of Vermont Fish and Game Department and are used
as fishing ponds. According to Fish and Game personnel,
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Description of Dam and Appurtenances

The Knapp Brook Site No. 2 Dam is approximately 540 feet
long and 27 feet high with a concrete outlet structure
located on the upstream face of the dam and a concrete
spillway in the left abutment as seen in Photo #2.

The dam is an earth embankment with a clay core. Both up-
stream and downstream faces are sloping 1 vertical to 2
horizontal with riprap at the normal water surface eleva-
tions (see Photos #3 and #8).

The spillway consists of a 62.8-foot long semicircular con-
crete weir (crest elevation 107.0) and a 57-foot broad
crested weir (crest elevation 109.0) with a 4-foot by 2-
foot sluice gate (invert 102.8) as seen in Photo #2. Dis-
charge from the semicircular weir flows down a 130-foot
long concrete flume with flip bucket energy dissipator.

The overflow from the broad crested weir flows down the
south embankment outside of the flume.

The outlet structures at Knapp Brook Site No. 2 consist of
a 24~inch diameter asphalt coated corrugated galvanized
metal pipe culvert (invert at 93.5) located in a concrete
drop structure with a 2-foot by 2-foot sluice gate (invert
93.5) and 2 sets of 5.0-foot stop logs in series sget at
elevation 106.8.

Size Classification

The Knapp Brook Site No. 2 Dam is approximately 27 feet high
(see Appendix B) and has a maximum storage of 623 acre-feet.
The United States Corps of Engineers (USCE) guidelines place
dams with a height between 25 and 40 feet or storage between
50 and 1000 acre-feet in the small category. Therefore, the
size classification of Knapp Brook Site No. 2 is small.

Hazard Classification

A failure of the Knapp Brook Site No. 2 Dam would release a
flood wave 8,330 CFS into the Knapp Brook Site No. 1 pond.
Knapp Brook Site No. 1, an earth embankment dam, would be
overtopped by 2.1 feet and discharge 5,340 CFS into the
natural channel. After travelling 0.8 miles the flood wave
18 reduced to 5,000 CFS or 3.5 feet over the stream banks
where it would just barely reach the first floor of a home.
In the remaining 1.6 miles of Knapp Brook there are three
more homes that would be damaged and additional lives lost
before the flood wave is dissipated in the flood plain of the
North Branch of the Black River. Because the flood wave would
damage four homes and one small commercial structure and
result in the possible loss of six lives, this hazard classi-
fication 1s significant.

1-2




NATIONAL DAM INSPECTION PROGRAM
PHASE I INSPECTION REPORT
NAME OF DAM: KNAPP BROOK NO. 2

SECTION 1 - PROJECT INFORMATION

1.1 General

b'

Authority

Public Law 92-367, August 8, 1972, authorized the Secretary
of the Army, through the Corps of Engineers, to initiate a
National Program of Dam Inspection throughout the United
States. The New England Division of the Corps of Engineers
has been assigned the responsibility of supervising the
inspection of dams within the New England Region. Dufresne-
Henry Engineering Corporation has been retained by the New
England Division to inspect and report on selected dams in
the State of Vermont. Authorization and notice to proceed
were issued to Dufresne-Henry Engineering Corporation under
a letter of November 20, 1978 from Max B. Scheider, Colonel,
Corps of Engineers. Contract No. DACW33-79-C-0010 has been
assigned by the Corps of Engineers for this work.

Purpose

(1) Perform technical inspection and evaluation of non-
federal dams to identify conditions which threaten the
public safety and thus permit correction in a timely
manner by nonfederal interests.

(2) Encourage and prepare the states to initiate quickly
effective dam safety programs for nonfederal dams.

(3) To update, verify and complete the National Inventory
of Dams.

1.2 Description of Project

Location

The Knapp Brook Site No. 2 Dam is one of two dams located
on Knapp Brook in the Town of Cavendish, Windsor County,
Vermont. The dams are located 5.0 miles north—northeast of

the Village of Cavendish. Knapp Brook Site No. 2 at 43°26.9'N

72°33.5'W 1s located 1400 feet upstream of Knapp Brook Site
No. 1.

1-1
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3.2

d.

e.

in some differentfal movements across construction joints

(see Photos 9 and 10). The elevation of the upstream wing
walls for the spillwav is lower than the elevation of the
crest of the dam. Wing walls will be overtopped before the
dam is and water would flow along the outside of the discharge
channel for the spillway. The area adjacent to the spillway
thus becomes an emergency spillway.

Reservoir Area

There are no evidences of slope instability along the reser-
voir edge in the vicinity of the dam. Tmmediately to the

left of the spillway the ground elevation is lower than the
crest of the dam and thus the area would constitute an
emergency spillway as discussed in Section c¢. above (see Photos
2 and 5).

Downstream Channel

The spillway discharges directly into the Knapp Brook Reser-
voir No. 1 (see Photos 6 and 9). The outlet pipe discharges
slightly above the normal level of Reservoir No. 1 through
what appears to be the old stream bed.

Evaluation

On the basis of the visual inspection, the dam is judged to be
presently in good condition and well maintained. Of future con-
cern are the movements of the retaining wall of the spillway
discharge channel. The retaining wall movements are probably the
result of frost action and are likely to continue in the future
unless some corrective actions are taken as recommended in Section

7.2,
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4.1

4.2

4.3

4.4

4.5

SECTION 4 - OPERATIONAL PROCEDURES

Procedures

Both Knapp Brook Sites are operated by the Fish and Game personnel
as fish management ponds. The operational procedures involve the
controlling of the 4-foot by 2-foot sluice gate in the right side
of the semicircular weir. The sluice gate is kept closed during
the late spring and summer months and opened during the fall and
winter months of the year. The only other controls exist at the
intake structure where the 2-foot by 2-foot sluice gate is kept
closed and the two stop log sets are in series. The stop logs are
adjusted to permit low temperature draw-off in summer months.

Maintenance of Dam

The existing maintenance of the dam consists of periodic mowing

of grass slopes on dam, removal of obstructions from the intake

and spillway structures and yearly cutting of brush from the dam
embankment.

Maintenance of Operating Facilities

The stop logs and two sluice gates are the only operating facili-
ties and they appear to be in a well maintained condition. One of
the wooden bridge posts should be replaced (seg Section 3.1.c).

Description of Warning Syctem in Effect

None exists for this dam.
Evaluation

The maintenance of the dam and structures is being carried out on
a periodic basis. The dam is well maintained.
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SECTION 5 - HYDRAULIC/HYDROLOGIC EVALUATION

5.1 Evaluation of Features

a.

b.

C.

General
The Knapp Brook Site No. 2 Dam is an earth embankment dam

with a clay core, built as a fish management project.
It is a low surcharge storage - high spillage type dam.

Design Data

No design computations for the original construction in 1962
are available for the dam embankment. Hydrologic and hydraulic
summary report for the spillway redesign in 1973 is included
in Appendix B along with the design drawings for the original
construction and spillway redesign. The semicircular weir was
designed to behave as a drop structure due to the close prox-~
imity of natural ground at the left abutment upstream of the
stream. The design.criteria was to carry all or most of the
100-year flood of 1,050 CFS (362 CSM) in the chute spillway
with a head of approximately 2 feet above the semicircular
weir.

Experience Data

The June 30, 1973 flood was about 1.5 feet above the old con-
crete weir to elevation 110.5. This flood elevation yielded

an estimated outflow of 720 CFS. This flood along with

earlier floods, dates unknown, had produced significant erosion
in the outlet channel downstream of the original welir.

Visual Observations

The primary spillway is a 20-foot radius semicircular weir
with a concrete flume and flip bucket energy dissipator at
its outlet. This semicircular weir is 2 feet lower than the
original weir constructed in 1962. Located near the center
of the dam is an outlet structure regulated by both stop logs
and a 2-foot by 2-~foot sluice gate. Access to the outlet
works is by a service bridge which had a broken support.
There was no debris observable and the outlet channels were
clear. Of concern however, was observable horizontal dis-
placement which has taken place at the construction joints
of the chute walls along the lower portions of the outlet
channel.

Test Flood Analysis .

The test flood selected for Knapp Brook Site No. 2 was one-half
of the Probable Maximum Flood and was chosen because the dam

5-1
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is classified as being small in size with a significant hazard.
The test flood inflow of 4,500 CFS (1,560 CSM) produced a
routed test flood outflow of 4,360 CFS. The test flood eleva-
tion would be 111.8 feet with 3,100 CFS flowing through the
spillway chute and 1,260 CFS flowing in the old spillway chan-
nel. The dam would not be overtopped, but the old spillway
channel could erode and the present spillway chute could be
undermined.

Dam Failure Analysis

If the Knapp Brook Site No. 2 Dam were to fail with the water
level at the top of the dam, a flood wave of 8,330 CFS would
be released into the pond behind Knapp Brook Site No. 1 Dam.
The dam break routed through the Knapp Brook Site No. 1 pond
would produce an outflow of 5,340 CFS and overtop the Knapp
Brook No. 1 Dam by 2.1 feet.

The wave would be approximately 90 feet wide and about 3 feet
over the banks or 1 foot over the first floor of the nearest
home which is .8 miles downstream. There are an additional
three homes scattered along Knapp Brook which could suffer
minor structural damage as the flood wave would be about 1
foot over the stream banks, if this dam were to fail. The
flood wave would rapidly diminish once it enters the broad
flood plain of the North Branch of the Black River.

5-2




SECTION 6 - STRUCTURAL STABILITY

i 6.1 Evaluation of Structural Stability

e ememe et -

d'

Visual Observations

The visual inspection did not disclose any immediate stability

problems in the dam.

Design and Construction Data

There is not enough design and construction data available

for the dam to perform a formal stability analysis; the assess-

ment of stability is solely based on the visual inspection.

Operating Records

There are no records available of significance with respect
to the stability of the dam.

Post~-Construction Changes

There are no known post-construction changes except for the
construction of the new spillway at the left abutment and
service bridge to intake structure.

Seismic Stability

The dam is located in Seismic Zone 2 and in accordance with
the recommended Phase I guidelines does not warrant seismic
analysis.

- - R O ndamu i b
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SECTION 7 - ASSESSMENT, RECOMMENDATIONS/
REMEDIAL MEASURES

7.1 Dam Assessment

a. Condition

On the basis of the visual inspection, the dam was found to
be in good condition. The retaining walls of the spillway
discharge channel have moved, probably as a result of frost
action, and movement will likely continue unless some modi-
fications are made.

b. Adequacy of Information

The available information was not sufficient for a thorough
analysis and thus, the assessment of the condition of the
dam is based principally on the visual inspection.

c. Urgency

The recommendations presented in Section 7.2 should be carried
out within 1 year of receipt of this report by the owner.

d. Need for Additional Investigations

There is no need for additional investigations beyond those
recommended in Section 7.2

7.2 Recommendations

Measures must be taken under the direction of a registered pro-

fessional engineer qualified in dam design to prevent further move-

ment of the retaining walls of the spillway discharge channel.

-engineer may consider replacement of the backfill-against the wall

with a free-draining material and drilling of drain holes through
the wall near its base. In this manner, frost action against the
wall will be prevented. 1In addition, the concrete lined spillway
capacity should be evaluated with regard to the need for greater
flood capacity.

7.3 Remedial Measures

a. Operation and Maintenance Procedures

1. f formal warning plan should be prepared.
2. Intermediate supports underpinning the service bridge

should be repaired or replaced and braced to prevent
future ice damage.

7-1




Institute a biennial program of technical Inspections.

Monitor on a regular continuing basis until the seepage problem
is resolved, the seepage on the right stream bank immediately
downstream of the outlet structure for flow volume and evidence
of possible soil transport.

Provide round-the-clock monitoring during periods of heavy
rainfall or high project discharges.
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VISUAL INSPECTION CHECK LIST
PARTY ORGANIZATION

PROJECT __ KNAPP BROOK SITE NO. 2

PARTY:  April 23, 1979

1. Walter A. Henry

DATE April 23, 1979
TIME 11:00 AM - 1:00 PM

WEATHER Sunny, Warm

W.S. ELEV. U.S. DN.S.

May 22, 1979

" D-H 1., Sherward G. Farnsworth D-H

2. Morris J. Root

D-H 2. Gonzalo Castro GE1

3. Sherward G. Farnsworth D-H 3.

4. Gonzalo Castro

GEI 4,

PROJECT FEATURE

- INSPECTED BY REMARKS

2.

3.

4.

5.

10.

A-1




PERIODIC INSPECTION CHECK LIST

PROJECT __KNAPP BROOK SITE NO. 2

DATE April 23, 1979

PROJECT FEATURE NAME
I -
DISCIPLINE NAME

AREA EVALUATED CONDITION

DAM EMBANKMENT

Crest Elevation

Current Pool Elevation

Maximum Impoundment to Date
Surface Cracks

Pavement Condition

Movement or Settlement of Crest
Lateral Movement

Vertical Alignment

Horizontal Alignment

Condition at Abutmeﬁt

Indications of Movement of Structural
Items on Slopes

Trespassing on Slopes

Sloughing or Erosion of Slopes or
Abutments

Rock Slope Protection ~ Riprap
Failures

uUnusual Movement or Cracking at or
Near Toe

Unusual Embankment or Downstream
Seepage

Piping or Boils '
Foundation Drainage Features
Toe Drains

Instrumentation System

Vegetation

113.0+ feet (local datum).
105.0 feet.

None observed.

Not applicable.

None observed.

None observed.

Too irregular to judge.
Too irregular to judge.
Good.

Not applicable.

Minimum - fishermen and snow machines.

None observed.

Good condition of riprap for both upstrean

and downstream slopes.
None observed.

None observed.
None observed.
None known.
None known.
None known.

Downstream slope grass covered, well
maintained.
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'Indications of Movement of Structural

sy -_— [ — I ] | ] S —¢

PERIODIC INSPECTI

PROJECT KNAPP BROOK SITE NO. 2

ON CHECK LIST

DATE _April 23, 1979

PROJECT FEATURE NAME

' -

DISCIPLINE NAME
AREA EVALUATED CONDITION

DIKE EMBANKMENT

Crest Elevation

Current Pool Elevation

Maximum Impoundment to Date

Surface Cracks

Pavement Condition

Movement or Settlement of Crest

Lateral Movement

Vertical Alignment

Horizontal Alignment -’

Condition at Abutment and at Concrete
Structures
Items on Slopes

Trespassing on Slopes

Sloughing or Erosion of Slopes or
Abutments

Rock Slope Protection - Riprap Failure%

Unusual Movement or Cracking at or
Near Toes

Unusual Embankment or Downstream
Seepage

Piping or Boils
Foundation Drainage Features

Toe Drains

Instrumentation System

Not Applicable

Vegetation




PERIODIC INSPECTION CHECK LIST

PROJECT KNAPP BROOK SITE NO. 2

DATE April 23, 1979

PROJECT FEATURE

NAME

i -
DISCIPLINE NAME
AREA EVALUATED CONDITION

QUTLET WORKS - INTAKE CHANNEL AND
INTAKE STRUCTURE

a. Approach Channel
Slope Conditions
Bottom Conditions
Rock Slides or Falls
Log boom
Debris
Condition of Concrete Lining
Drains or Weep ﬂoles
b. Intake Structure
Condition of Concrete

Stop Logs and Slots

None observed, gate under water.

Good.

Stop logs and gate.

e e




" PERIODIC INSPECTION CHECK LIST

PROJECT __KNAPP BROOK SITE NO. 2 DATE _April 23, 1979
PROJECT FEATURE NAME
DISCIPLINE NAME
AREA EVALUATED CONDITION
OUTLET WORKS - CONTROL TOWER Not applicable

a. Concrete and Structural
General Condition
Condition of Joints
Spalling
Visible Reinforcing
Rusting or Staining of Concrete
Any Seepage or Efflorescence
Joint Alignment

Unusual Seepage or Leaks in Gate
Chamber

Cracks
Rusting or Corrosion of Steel
b. Mechanical and Electrical
Air Vents
Float Wells
Crane Hoist
1 Elevator
Hydraulic System
Service Gates
Emergency Gates
Lightning Protection System
' Emergency Power System

Wiring and Lighting System - A-S




PERIODIC INSPECTION CHECK LIST

PROJECT _ KNAPP BROOK SITE NO. 2

DATE April 23, 1979

PROJECT FEATURE

NAME

DISCIPLINE NAME
AREA EVALUATED CONDITION

OUTLET WORKS — TRANSITION AND CONDUIT

General Condition of Concrete
Rust or Staining on Concrete
Spalling

Erosion or Cavitation
Cracking .
Alignment of Monoliths
Alignment of Joints

Numbering of Monoliths

Not applicable.
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APPENDIX B

PROJECT RECORDS AND PLANS
CONTENTS

¢

1960 Plans by Haley and Ward of Dam Embankment, Outlet Structure
and Emergency Spillway.

Vermont Water Resources Correspondence.
1973 Newspaper Clipping -Rebuilt Knapp Fond Dams a Possibility.
Dufresne-Henry Engineering 1973 Design Report.

1973 Plans by Dufresne-~Henry Engineering Corp. of New Spillway
and Service Bridge Additioms.

Site Plan




' PERIODIC INSPECTION CHECK LIST [

PROJECT __ KNAPP BROOK SITE NO. 2 DATE __April 23, 1979 v
PROJECT FEATURE __ . NAME |
DISCIPLINE KAME 1
t
] AREA EVALUATED CONDITION I
RESERVOIR AREA I
Stability of Shoreline ' Good.
Sedimentation None observed. |
Changes in Watershed Runoff‘Potential None.
Upstream Hazards None. ' l
Downstream Hazards ‘ Knapp Brook Site No. 1 Dam and houses I
below it.
Alert Facilities None. I
' Hydrometeorological dauges None.
Operational and Maintenance Fish management pond. ' l
Regulations
|
|
I
|
|
¢
I
|
|
% A-10 'g
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PROJECT _ KNAPP BROOK SITE NO. 2

" PERIODIC INSPECTION CHECK LIST

DATE April 23, 1979

PROJECT FEATURE NAME
DISCIPLINE NAME
AREA EVALUATED CONDITION

OUTLET WORKS - SERVICE BRIDGE

a. Super Structure
Bearings
Anchor Bolts
Bridge Seat
Longitudinal Members
Underside of Deck
Secondary Bracing
Deck
Drainage System
Railings
Expansion Joints
Paint
b. Abutments and Piers
General Condifion of Concrete
Alignment of Abutment
Approach to Bridge’
Condition of Seat and Backwall

Pler

Good condition.
Spikes.

Not applicable.
Good condition.
Good condition.
None.

Good condition.
Not applicéble..
Good condition.
None (sﬁort span) .

Good condition.

Gooa.
Good.
Not‘applicable.
Not applicable.

One intermediate 4" x 4" wood support
broken due to ice pressure.
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PERIODIC INSPECTION CHECK LIST |

PROJECT KNAPP BROOK SITE NO. 2

DATE April 23, 1979

General Condition
Loose Rock Overhanging Channel
Trees Overhanging Channel

Floor of Approach Channel

Weir and Training Walls

General Condition of Concrete
Rust or Staining

Spalling

Any Vigible Reinforcing

Any Seepage or Efflorescence

Drain Holes

Construction Joints

Vertical Alignment

Backfill

c. Discharge Channel

General Condition

Loose Rock Overhanging Channel
Trees Overhanging Channel
Floor of Channel

Other Obstructions

PROJECT FEATURE NAME |

DISCIPLINE NAME |

AREA EVALUATED CONDITION |

OUTLET WORKS - EMERGENCY SPILLWAY WEIR |
APPROACH AND DISCHARGE CHANNELS

Approach Channel None. I

Good, some minor cracks. iy
None obser?ed.
None observed.
None observed.
None observed.

Drain holes located in base of concrete
floor. 'No draim holes in training walls. |

Some lateral displacement of one inch. '

Inward tilting a maximum of 6 inches in
6 feet. '

Some settlement along both training walls. |
1

Good.

None. .

None.

Concrete .with subdrains.

A-8
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"~ PERIODIC INSPECTION CHECK LIST

PROJECT __ KNAPP BROOK SITE NO. 2

DATE April 23, 1979

_PROJECT FEATURE NAME
n{rscn’uma NAME
|
AREA EVALUATED CONDITION

OUTLET WORKS - OUTLET STRUCTURE AN

OUTLET CHANNEL :

General Condition of Concrete
Rust or Staining

Spalling

Erosion or Cavitation
Visible Reinforcing

Any Seepage or Efflorescence
Condition at Joints |

Drain Holes

Channel

Loose Rock or Trees Overhanging
Channel

Condition of Discharge Channel

24" asphalt coated corrugated galvanized
metal pipe.

Good.

None.

None.

None.

None.

Some seepage on right étream bank,
Not observed,

None.

Natural.

Minor overhang.

Good.




.State of Vermont

AGENCY OF ENVIRONMENTAL CONSERVATION

i
i _ MARTIN L. JOHNSON, Secretary
- . Montpelier, Vermont 05602

t tof Fish
ment of Fish and Game VERMONT WATER RESOURCES BOARD

tni 1t of Forests and Parks

tni atef \Water Resources
nmental Board

m of Environmental Protectioa
m; Recreation

mni "Planning

al Resources Conservation Council . . 1 Augu st 1 97 3

nt Water Resources Board

iiar. Andre Rouleaun

ROUTING

Acting Director . GENERAL
Division of ilanagement and Engincering 10 NOTID vate !
Vermont Depusrtment of Yater Resources ""'3'3
Agency of Environmental Conservation
Fontpelier, Vermont 05602
' . : SUSPEND TO

- FILE

Dear Andy:

' Atta%@ﬁ is a\copy of a letter I received today from Ed
hehoe asklnb whether the Board needs to approve proposed
repalrs and rede51°nwnn af the emergency splllv ys at Knapo
Pond ; t 2 and Kent Pond in kccordance with the procedures
Sp601¢led in chapter 43 of Witle 10, V.S.A, It would be helpful
to the Board if you could prepare 9 brief memo on each of
these structures explaining Vﬂat damage they have suffered,
whether it is imperative that the spillvays be repaired
before this winter, whether an altieratien of an emergency
spillway should be deecmed an alteration of a dam for purpoces
of section 1082 of Tiile 10, and wvhether you think the procedures
provided by chapter 43 must or should be followed for these
two projects. .

I know you &are ovusy, but as soon ag it is possible to
prepare tn¢s I woulé like to have it. Thanks very much.

. o . ‘ S;mcerely, LM’V ..
’ | . »

s
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5y ,, Staie of Vermont
e
M l ’ -
raen s e AGENCY OF ENVIRONMENTAL CONSERVATION
- LTI
‘ . A MARTIN L. JOHNSON, Secretary
ll‘J ient of Fish and Game - ' . ’
' irisaent of Forests and Parks . . Montpclicr, Vermont 05602
rt t of Water R :
e ntal Doarg csources S DEPARTMENT OF FISH AND GAME
sic of Environmental Protection July 31, 1973
sion of Recreation

sion of Planning
ir. ~ Resources Conservation Council

Mr. Will Irwin,
Executive Secretary

Water Resources Board

Montpelier, Vt.

. Dear Mr. Irwin:

In 1962 Knapp Pond #2 was built by the Fish and Game
Department. The design of the pond had an emergency
spillway which took care of any surplus water.

PRSP

During the flood of July, 1973, the emergency spillway
became unsafe for holding water. It is our plan to
design a more secure emergency spillway.

Due to the fact that the pond should be filled during
the winter these emergency spillways have to be built
so that we can fill the pond to preserve the rest of
the dam and outlet structure from damage by frost.

In 1962 Kent Pond was built by the Fish and Game

Department. This pond also had an emergency spillway
located in a different section of the pond from the main
impoundment. During this same flood this emergency spillway

was completely washed out and will have to be redesigned
and rebuilt by winter.

Resources Board to accomplish this.

égeward F. Kehoe,
v COMMISSIONER

EFK/a

' We would hope that we do not have to go through the Water

L e




' November Sz 1973

KNAPP BROOK POND #2 / o
CAVENDISH, VERMONT

Reference is made to the Damage Survey Report dated October 2, 1973, which

{8 determined ineligible. 1 disagree with the determination, the amount for

restoration or repair, and the justification for determining eligibility. The

reasons follow:

1. Eligibility
The statement, "It appears that the primary purpose of Knapp Brook Res. {2
is wildlife conservat1on " js apparently the basis for determining eligibility,

¢ Ce 50 (C)
PL 606 only mentions "exclusxvely used for recreation“ as being ineligible.

Knapp Brook Pond #2 is an on-stream impoundment, and consequently does alter
the flow characteristics in the stream. The effect of any impoundment is to

reduce peak flows and increase base flows. The magnitude of the impact can be

. determined, but does require some relatively complex «omputations, known as
flood routing. An approximation can be used which usually is reliable, however.
a. Peak Flows ‘“" |
The greatest reduction in peak flows occurs at the dam itself, and
becones less significant with the distance from the dam due to diminishing
impact of the inpoundment. It is my comsidered opinion that Q;q flows are
reduced approximately 40%, Qsg flows are reduccd approximately 20%, and Qi
flows are reduced approximately 107%. The impact at various points on Knapp
Brook and Black River are shown in Tabie I.

b. JLow Flows
The impoundment, by virtuc of having stored water, has the potentfal

of betng used to augment low flows 1f needed. This would have to be weighed

)
..ﬂ\
. P bt

R e o e

Impoundments which ave constructed offstream could meet this description, but -
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l» against possible adverse effect on the primary purpose, however.

c. Other Public Benefits
There are very few ponds in this portion of the state, and consequently
the ones that exist are more significant than in areas with a large number

of lakes and ponds. It is available for water supply (not necessarily potable)

and fire protection in the immediate area.

's. Cost Estimate for Emergency Repairs and Permanent Restoration

The modifications necessary at the dam have been designed by the firm of
| ’ .
ioufresne-Henry of North Springfield, Vermont. Plans and engineer's estimate are
 'wwvailable. 1Included in the plans are two gates which give a potential for

drawdown in anticipation of flood flows. These are above the "pre-disaster"

'riteria.

'« Damages Downstream of Dam

There is approximately 1% miles of Town Road below the dam which was-partly
rashed out during the June 30, 1973 flood. There are two homes in the flood

1~lain, and other homes which depend on this road for access. There is approxi-

mately $34,000 in DSR's for category A, B, and C in the area, which would have

-Sreen much higher if the Knapp Brook Ponds had not been there. The Vermont

_'Nétional Guard was at the area for several days, logging over 600 man hours of

1 .

‘;ork plus.use of equipment, etc. Evacuation of some people was made due to-the
iiﬁccrpain condition of the dam during and after the flood.  The dam remains in
"an unsafe condition and is entirely drawn down COAminimize the probability of
ktilizing the emergency fpillway. It is a continuing threat to the, public

pafety in its present condition.

b, Other'Excqggions to Damaze Survey Report

Page 1 of 3 (computations) - Elevations.given as MSL.whiéh usually means .

i . /"Tﬂ , '

»




mean sea level. These elevations are from an assumed datum, not mean sea level.
fage 3 of' 3 - Nearest damage‘ center is from the dam to ;:he confluence of Knapp
Brook.and North Branch of Black River. Knapp Brook Pond is to Springfield,
Vermont as any one of the Corps Flood Control Dams .by itself is to Hartford,

Connecticut - 1nsignificaht.

' | | g‘z/a yzea/”wé/uav
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Donald H. Spies, Dam Constructfon Engineer, Dept. of Water Resources

September 22, 1972

On September 21, 1972, the writer made an inspection of tﬁe subject
structure. The dam is an earth £i1l structure with a drop inlet &and a two
foot CMP for a principal spillway. The drop inlet has stop logs to control
the water level. The emergency spillway i8 an earth channel with a concr;te
weir for the control section. . ’.f;

The dam i{s in good shape, but does have some saplings growiné in the ;;j”
riprap on the downstream toe._vThe emergency spiilway, though, is in bad
shape. 1In additﬁon to a number of large logs that are scattered on the
crest, the downstream channel has undergoune severe erosion. This should
be corrected so that it doesn't work its way back further. A possible
solution would be to dig up this po;tion of thé spillway and refill it

with boulders 18" to 24" in size. Then £ill the voids with 1" to 3" stoncs.

-

T P ST - - i .

*

cc: Robert Collins, MaintenanceISupervisot
Richaxd Sears, Land Kegotiator

ROUTING
GLicRAL -
10 N DATE o
v pHS Qs 92273 L R
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AONTPELIER, VERMONT

0 D TR UV R 2 122
' DATE:
| | 2 \ 62
1: Donald W. Webster SUSFE 13 pril 20, 1962
o [T ;
ECT: Report on Spring Runoff at Knapp Brouk Dams and Bridges Downstream

i
On April 19, 1962, the writer and John Cerutti t¢iewed the above mentioned site.

First, the roadway culvert downstream of the Kasson's was checked. This was
the culvert that had washed out this spring. Previous to last fall, there was a wood
plank bridge at this site. The bridge had a clear span of 23' and a height of
opening of 7', giving a waterway area of 161 square feet. After the bridge was
damaged, a "squash" pipe 3' 8" high by 6' 0" wide was substituted. This pipe has
a waterway area of 17.6 square feet, or about one-ninth of the former bridge. The
drainage area hbove this culvert is 4.11 square miles, of which 0.70 square miles
are between Knapp Brook Dam #1 and the culvert.

_ Apparently, there are no cutoff collars on the pipe, and there is definite
seepage along the pipe. It appears that when the pipe was emplaced, the roadway fill
was simply pushed over the pipe and not properly compacted. 1t is also doubted that .
the pipe was properly bedded. There are no headwalls, training walls or aproms on
either the upstream or downstream ends of the pipe.

In all probab111ty, this pipe and adjoining roadway will fail during any heavy
summer downpour due to insufficient capacity.

Our investigation showed that the partial failure of Knapp Brook Dam #2 had
nothing whatsoever to do with the failure of the road culvert downstream from Hasson's.

At Knapp Brook Dam #1, the water surface was about 4 feet below the t0p of the
outlet structure. During the peak runoff it was about 2 feet higher so that at no
. time did any water go out through the emergency spillway.

At Knapp Brook Dam #2, about 7 feet of water (between elevations 98.00 and
105.00 feet) could have gone out through the breach in the dam caused by the overtopplnq
of the unfxnlshed dam.

The unfinished dam had been built up to about elevation 105.00 feet on the
downstream side (eight fecet below design height of the finished dam) and sloped away
toward the upper side so that the elevation at the centerline of the dam was about
103.50 feet.

The breach occurred in the area between the outlet structure and the emergency
spillway. The area which washed out was about 20 feet wide at the upstrcam side of
the dam and widened to about 60 feet on the lower side. .

It appears that the escaping water was contained by the previously drawn down
Knapp Brook Dam #1.

— T - . we.s

————t o ¢
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To: Cathy Botiwoll, Liccuilve Sceretary, Water Resources Board
From: Andra Rouleau, Ascistant Divector, ¥ & E Division

, Subject: Kent Pond Pam and Inapp Pond Dan #2 ‘ :
Dato: Januwary 7, 1974

It has just ccme to my atteation that we have an outstanding request from
411 Ixwin regerding the above captioned dams (copy attached)., liore are our R
cozments that 1111 asked for: .

io
3
[ S

The damnse at both dams during the flood of June 30, 1973, was in the
erarponcy splllvays. It consisted of cevere crosion of thc carth spilluvay,
causing a partial failuwe to the spillwcy. This kind of partial failure
becom2s worse cvery tima water flows over the cmargency spillway. 1t 4s possible
that tlie ersrgency cpillvay may not be utilized for several years, but oa the
other hand, it could be reocuired to pass water &t any time. The Fish & Game
Degartmant, at our request, hes loucred the water leval in both ponds so that

the ponds are almost ompty and have oaly nominal conscrvation poolo at tho
prescent timo.

It is very impostant that the emergoncy cpillway be repaired co that
soirplete failure would not occur. The Fish & Guwe Departmont has retained
consultants to ro-design the cmergeney spillvays. The firm of Dufvccne-lionry
45 doins the wvork at linapn Poad Dem #2 cond the firm of Duloelis & King 4s doing

tho work at jlené Pond Pam. The d¢esizn has Loen reviewed by our office and tliere
is no substantial chanze to thue purpose of tlie Impoundments, although the
emorpeney cpillvays will now be coutrolicd by concxete and rock f£ill, as oppoced
to being aa cieavatioa acd to orisinsl ground as they were prevxouulj. This is
the oaly practical way of correcting tho cituatilon.

1 do concider thiz Qo a significant aliceration of a dan and I further consider
it to be cmorgency werk. PRoth p.ojcc & are e under construction with tue
eritical phasces scheduled for coupletion priow to the epring runoff., T%The pro-
redures provided by Chapter 43 checuld be follouwed for both of thece projeccis. |

wuwever, tima is not availsble for these proceduras due to the eritical conditions
scaining walla tho matter s being coasidesced,

l' : .rr"“'..f"(‘ .




tie vvould be pleaced to brief the T
if thicoy ave Intewvestad. Anothior nossi

d on all acpectc of the nrojects
.oy - b
crgency ovaer for tue work huiCﬂ is b

2av
ility 3o for tho Lcavd to 4scue an
eing dorne.

Please advica if I con bo of any further cssistance. '

AJr/imp




Rebuilt Knapp Pond

Dams a Possibility

By MARY BARTON

CAVENDISH — (Specialy —
State officials feel that two
earthen dams on Knapp Pond
here should probably be
replaced, and would like the job
done by this fall, so the small
lake can be ready for fishing
next spring.

That was the message Fish &
Game Commissioner Edward F.
Kehoe brought to a small
gathering of local selectmen and
residents here Tuesday night.
The meeting was scheduled to
discuss the future of the two
structures on the pond.

No opposition was expressed
to replacing the earth dams,
though one local man. James
Hasson. felt the structures had
performed admirably in the
recent floeds. Water flowed over
the top of one dam during the
second highwater period, the
week after the disastrous June 30
flood, but both structures held.

The small bodies of water

behind the two dams, which
together constitute Knapp Pond,
are drained now, and
Commissioner Kehoe revealed
other plans that would involve a
$10,000 reclamation of the lake,
to provide good fishing for next
year.

The problem with the time
schedule is that Water
Resources Board hearings will
be necessary if a local person
requests them. Such hearings,

_ Kehoe warned Tuesday, could

ush back the deadline three to
our months, making the spring

The dams are owned by the
Fish & Game Department. but
any changes in the construction
require Water Resources Board
approval. In addition to
rebuilding the restrainers, and
the reclamation project. Kehoe
suggested a joint Water
Resources Board-Fish & Game
Department surveillance of
streams that feed the pond.

A constant watch on
streambeds would enable
officials to spot problems and
prevent flooding. The
commissioner said he opposed
“‘channelization,”” manmade
watercourses. They hurt the
fish, Kehoe said.

A detailed engineering survey
of the Knapp Pond dams would
cost about $13,000, according to
Dufresne & Henry, a North
Springfield firm. The firm,
through Walter A. Henry, listed
four steps for the survey.

The first would be a detailed
study of the drainage pattern in
the pond, with examinations of
10-year and 100-year storm
patterns. The price for -this
would be $3,000.

Step two is dependent on the
first procedure. If the drainage
examination warranted it, $5,000
would be spent for a three-stage
study of new structures: $1,000
for a soil investigation, $1,000 for
a basin survey, and $3,000 for
project design.

The third step described by the
engineer would cost $2,000, for
professional consulting at Water
Resources Board hearings on

fishing objective unrealistic. No rebuilding the dams.

one had concrete reports of
hearing requests Tuesday.

The first dam was built in 1958,
and contains 38 acres of water.
The second earthwork, built in
1965, floods 26 acres. Together
they hold about 63 million gallons
of water. They both have clay
cores.

The structures were built to

‘provide fishing ponds. not as

flood control dams, and the
recent overflow had state
officials skittish. Kéhoe said the
newer dam suffered $50,000
damage to the emergency
spillway because of high water.

R s Las L LR

Last would be a $3,000 fee for
overseeing construction. Kehoe
offered no figure on construction
costs, and indicated the federal
government would pa: for the
new dams.

Cavendish Selectmen Richard
Tucker and John Stearns agreed
the pond should remain as long
as it is safe. That was the
general feeling at the Tuesday
session.

Kehoe said that if plans were
designed correctly, there would
be little difficulty in rebuilding
the structures. If the Water
Resources Board okays the
project, bids would be let out
immediately, the commissioner
added.

The dams are located on
Knapp Pond Road here, off
Tarbell Hill Road. near the
Reading border.

. Kehoe said he would report
1 back to selectmen here when he
heard from other state people.

Frem :
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KNAPP POND DAM

GENERAL

From observation, on June 30, 1973 water appeared to have
been between one and 1.5 feet over the welr crest on the emergency
spillway and these flows resulted in a substantial amount of
erosion on the earthen spillway face. If the water had been 1.5
feet over the welr crest, the discharge of Knapp Brook would have
been approximately 720 cfs, which corresponds to an event somewhere
between the 30- and 50-year recurrence interval, as can be seen by
observing the attached prcbability plot. An event of this magni-
tude corresponds favorably to the stream flows recorded at Beaver
Brook in Wilmington, Vermont, and Flood Brook in Londonderry,
Vermont, on the same date.

Flood Magnitude and Freguency

The frequency of these stream flows was established by
comparison with the regionalized analysis available in both the
Bureau of Public Roads' publication "Peak Rates of Runoff - New
England, New York and New Jersey" and the U.S. Geological Survey
Water-Supply Paper, No. 1671, "Magnitude and Frequency of Floods in
the United States." The small drainage areas involved necessitated
the use of a log-log extrapolation of the data available in the
U.S.G.S. publication to establish the mean annual flood and
englineering judgment to establlish the ratios of floods with greater
magnitudes.

Based on the attached probability plot, a 10-year peak
discharge of 410 cfs and a 100-year peak discharge of about
1050 cfs was used. The hydrograph experienced at Sonny Brook in
Montpelier on June 30, 1973 was modified to produce a peak of U410
¢f's and routed through both Knapp Ponds based on the existing lower
dam and designed upper dam by using the Modified Puls Technique for
reservolr routing. Similarly, the hydrograph experienced at Flood
Brook, Londonderry, in August 1966, was modified to correspond to a
peak discharge of 1050 c¢fs and routed through the ponds. The inflow-
outflow hydrographs for these events are attachments to this report.

Further, the hydrograph from Snyder's Synthetic Hydrograph
Technique was compared to the 100-year flow hydrograph. The inflow
hydrograph appeared to be conservative in that the base flow of
60 cfs presupposed fairly wet antecedent conditions along with the
relatively long lag to the peak and shallow slope of the
recession phase. The unit hydrograph generated by Snyder's
Technique compared favorably to the unit hydrograph derived from,
the June 30, 1973 event on Flood Brook.
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An analysis of the culverts on the Knapp Pond access
road reveals that the ponds prevent the road from being damaged
annually, but the 72-inch by U4-inch pipe-arch culvert in the
vicinity of the James Hasson residence will be topped on the
average of once in three years, and the 6-foot corrugated metal
culvert upstream will be topped on the average of once in seven
years based on the capability of the ponds to reduce the peaks
of storms similar to the l0-year event by roughly 23%.

Routing and Structural Comparisons

Several alternate structures have been considered and
evaluated using the Modified Puls Technique for reservoir routing.
Many computations were made with the assumption that the effective
surface area for the pond was 35 acres. When data became available,
it was noted that the surface area varied according to the following
table:

Sufface Area of Knapp Pond No. 2

Stage* Surface Area
110 feet 0.3 acres
108 feet . 38.0 acres
106 feet 35.5 acres

® Based on 108.5-foot datum top of existing inlet structure.

The 24-inch diameter corrugated metal culvert's capacity
was computed using "Indirect Measurement of Peak Discharge Through’
Culverts," a 1963 open-file report by the U.3.G.S., as was the
conservation of an additional 42-inch diameter culvert which was
one of the design alternatives.

Formulae for broad-crested weirs and critical depth com-
putations are contained in King's "Handbook of Hydraulics."

The alternatives evaluated were:

1. Using the existing facility with a normal pool
at the 108-foot elevation;

2. A 30-foot welr at the 106-foot elevation with the
pond normally at elevation 103 feet;

3. A b2-inch diameter culvert in addition to the
present pipe, normal pond 106.0 feet;




4. A system of weirs and break-away stop logs, pool
at 104.0 feet;

5. A 42-inch diameter culvert in addition to the
present pipe, normal pond at 103.0 feet;

6. A siphonic spillway with (see Bureau of Reclamation,
"Design of Small Dams") a throat depth of 3 feet
and 6 feet wide, normal pool at 103.0 feet;

7. A box inlet drop structure 33.3 x 33.3 x 33.3 (see
Henderson, "Open Channel Flow" pp. 198-202), normal
pocl at 103.0 feet.

The peak flows for the alternatives are given in the
following table:

100~-YEAR PEAK OUTFLOWS FOR ALTERNATE STRUCTURES OF
KNAPP POND DAM NO. 2 (INSTANTANEOUS PEAK INFLOW 1050 cfs)

Alternative #1 #2 #3 #4 #5 #6 #7
Instantaneous
Peak Outflow

(efs) 1040 955 955 880 850 550 1030

Erosion is-going to be a recurring problem on a spillway
constructed of earth, as the slopes vary from 3% to 25% at present.
Noncohesive material, at least 6 inches in diameter, would be
required on the 3% slope assuming the depth is at critical from
drawdown of the weir. On the lower face, the worst condition
occurring at the break in slope, material required would be at least
3.3 feet in diameter. These boulders would have to be grouted in
place. Any alternative will require that the existing spillway be
stabilized or, by design, not utilized in any but a rarely occurring
flood and then it should be understood erosion of the nature which
occurred in 1973 will happen.

. As this was intended to be a fish propagation pond, it
should be noted that, according to Chow, "Handbook of Applied
Hydrology," ponds used for this purpose require a wide shallow
spillway to reduce the loss of fish. Instead of a normal design
depth of about 2 feet, the depth of flow on a fish pond spillway
crest should be less than 0.5 foot. Freeboard of 1 or 2 feet is
usually added to the design depth. At this point, it should be
brought to light that the emergency splllway designed by Haley &
Ward will carry the 100-year flood at approximately the 110.9-foot
stage (1.9 feet akove the existing weir crest). Any 30-foot weir
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against possible adverse effect 6n the primary purpose, however.

€. Other Public Benefits

There are very few ponds in this. portion of the state, and consequently
the ones that exist are more significant than in areas with a large number

of lakes and ponds. It is available for water supply (not necessarily potable)

and fire protection in the !mmediate area.

2. Cost Estimate for Emergencv Repairs and Pcrmanent Restoration

The modifications necessary at the dam have been designed by the firm of
Dufresne-Henry of North Springfield, Vermont. Plans and engineer's estimate are
available. 1Included in the plans are two gates which give a potential for

drawdown in anticipation of flood flows. These are above the "pre-disaster"

criteria.

3. Damages Downstream of Dam

There is approximately 1% miles of Town Road below tﬁe dam which was partly
washed out during the June 30, 1973 flood. There are two homes in the flood
plain, and other homes which depend on this road for access. There is approxi-
mately $34,000 in DSR's for category A, B, and C in the area, which would have
been much higher if the Knapp Brook Ponds had not been there. The Vermont
National_cuard was at the area for several days, logging over 600 man hours of
work plus use of equipment, etc. PBvacuation of-some people was made due to the
uncertain condition of the dam during and after the flood. The dam remains in

an unsafe condition and is entirely drawn down to minimize the probability of

utilizing the emergency spillway. It is a continuing threat to the. public

safety in its present condition,

4. OQther Exceptions to Damage Survey Report

Page 1 of 3 (computations) -~ Elevations given as MSL,which usually means

dﬂ‘*’fk




f . ' ' November S, 1973

KNAPP BROOK POND #2 / _

CAVENDISH, VERMONT .

Reference is made to the Damage Survey Report dated October 2, 1973, which
is determined ineligible. 1 disagree with the determination, the amount for
restoration or repair, and the justification for determining eligibility. The

ceasons follow:

;1. Eligibility
| The statement, "It appears that the primary purpose of Knapp Brook Res. {2
éis wildiife.cenigération," is apparently the basis for determining eligibility.
- PL 606)%;2§¢;;ncions "exélusively used for recreation' as being ineligible.
Impounémencs which are constructed offstream could meet this description, but
lKnapp Brook Pond #2 is an on-stream impoundment, and consequently does alter
the flow characteristics in the stream. The effect of aﬁy impoundment is to
reduce peak flows and increase base flows. The magnitude of the impact can be .
'determined, but does require some relatively complex computations, known as
flood routing. An approximation can be used which usually is reliable, however.
.d._ Peak Fiows
‘The greatest reduction in éeak flows occurs at the dam 1£se1£, and
becomes less significant with the distance from the dam due to diminishing
impact of the impoundment. It is my considered opinion that Q;y flows are
reduced approximately 40%, Qgq flows are reduced approximately 20%, and Qg9
flows are reduced approximately 10%. The impact at various points on Knapp

Brook and Black River are shown in Table I.

«ugiin - -m e -

b. Low Flows

The i{mpoundment, by virtue of having stored water, has the potential

of being used to augment low flows if needed. This would have to be weighed

’(.,sﬂfk
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% % State of Vermont .

NS , - : AGENCY OF ENVIRONMENTAL CONSERVATION
T S "
MARTIN L. JOHNSON, Secretary

!

irtment of Fish and Game

irtment of Forests and Parks . Montpelier, Vermont 05602
artment of Water Resources

ironmental Board ’ DEPARTMENT OF FISH AND GAME
sion of Environmental Protection ) July 31, 1973

sion of Recrecation

sion of Planning

iral Resources Conservation Council

Mr. Will Irwin,
Executive Secretary

Water Resources Board

Montpelier, Vt.

Dear Mr. Irwin:

In 1962 Knapp Pond #2 was built by the Fish and Game
Department. The design of the pond had an emergency
spillway which took care of any surplus water.

During the flood of July, 1973, the emergency spillway
became unsafe for holding water. It is our plan to
design a more secure emergency spillway.

Due to the fact that the pond should be filled during
the winter these emergency spillways have to be built
so that we can fill the pond to preserve the rest of
the dam and outlet structure from damage by frost.

. In 1962 Kent Pond was built by the Fish and Game
Department. This pond also had an emergency spillway
located in a different section of the pond from the main
impoundment. During this same flood this emergency spillway

was completely washed out and will have to be redesigned
and rebuilt by winter. '

We would hope that we do not have to go through the Water
Resources Board to accomplish this.

L,

i -
t dWaéd F. Kehoe,
COMMISSIONER
EFK/a
o U
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1 August 1973

Vater Resources Board

l.r. Andre Rouleau

ROUTING
Acting Director GENERAL
Division of lianagement and Engincering 10 NOT:0 pATe !
Vermont Depsrtment of Yater Resources aa@
Agency of Environmental Conservation :
Hontpelier, Vermont 05602
SUSPEND 10
- FILE

Dear Andy:
Attaégﬁ is a\copy of a letter I received today from Ed
Kehoe' asking whether the Board needs to approve proposed
repairs and redesigning\Of thne emergency spillwsys at Knapp
Pond # 2 and Kent Pond in hccordéance with the procedures
specified in chapter 43 of Title 10, V.S.A. It would be helpful
to the Board if you could prepare a brief memo on each of
these structures explaining what damage they have suffered,
whether it is imperative that the spillvays be repaired ’
before this winter, whether an alteratidn of an emprgency
spillway should be deemed an alteration of a dam for purposes
of section 1082 of Title 10, and whether you think the procedures
provided by chapter 43 must or should be followed for these

' two projects.

I know you are busy, but as soon as it is possible to

‘-prepare this I would like to have it., Thanks very much.

! . . . Sincerely, :V
. - -".'\ ) ‘
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: l From the above table, it is estimated that the June 30, 1973
Flood on Knapp Brook was roughly equivalent to a 50-year event.
-As in the preliminary study, where the hydrograph derived by
Snyder's Method showed the August 1966 Flood Brook hydrograph
as modified to be conservative, the hydrograph observed on 30 June
1973 at Flood Brook produced a peak shortly after the peak intensity
of . rainfall was experienced. If such an event were experienced at
d Knapp Pond, such that the peak occurred prior to filling of the
pond to the spillway crest, a limited amount of flood control will
Y be realized.

The drop structure was designed using the empirical technique

set forth in Henderson, "Open Channel Flow," and checked by the

data available in the Bureau of Reclamation, "Design of Small Dams."
Both computations showed that the drop inlet and stilling basin are
designed in such a manner that the flow will be stabilized by a
hydraulic jump prior to leaving the stilling basin. The mean annual
flood will flow at a depth of approximately 9 inches over the semi-
circular weir crest. Other depths of flow are available upon request.

The 100-year peak flow line in the spillway chute was computed
» by standard backwater computation procedures and the final width of

the contraction was selected so that choking of the flow will not
occur. Further, the angle of contraction satisfies the criteria
set forth by "Design of Small Dams."

At the spillway terminus, a hydraulic jump stilling basin was
conslidered, but would not have been feasible since the conjugate
depth would have required a deeper channel and definitive methods
for energy dissipation by free discharge into the lower pond were
not available. The flip bucket was also designed by the criteria
established by the Bureau of Reclamation and will, under a 1l00-year
peak flow, have the jet impinge roughly 15 feet away from the lip
of the bucket. Lower flows willl not travel as far; hence, riprap
approximately 4 feet in diameter will be dumped to a finished
grade of not greater than 20% in the lower pond, starting from the
1lip of the flip bucket to a distance of about 20 feet from the lip.

MJR .
November 29, 1973




or combination of weirs and stop logs will carry water at depths
in'excess of 4 feet.

CONCLUSIONS

Paving the 100-foot wide spillway may cost 1n excess of
$50,000, pased on a rough estimate of 500 cubic yards required.
The spillway will have to be stabilized if only a larger culvert
is installed; thus, there will be an added cost for those
alternatives.

1 The flood peak reduction for most alternatives is not sub-
stantial enough to warrant introducing the likelihood of freguent
fish losses. Consequently, a spillway, or drop structure, that
will conform to fish propagation criteria should be designed. The
costs are approximately equal for paving the existing spillway or
installing a box inlet drop structure with a 33-foot channel
through the face of the present emergency spillway.

FINAL . PILLWAY DESIGN

For reasons of providing a safe dam, improving flow chacter-
istics and fish propagation, it was decided a semi-circular inlet
drop structure with a contracting channel would be the most economical
solution to the spillway design in terms of amounts of concrete
required.

The final design was checked on the basis of comparison of the
flow estimates of these three analytical technigues: the NEHL
Method, data available in USGS Water Supply Paper No. 1671, and the
1961 Bureau of Public Roads' publication "Peak Rates of Runoff from
Small Watersheds." The peak rates of runoff by the first two methods
were similar for all frequencies, and the 1961 Bureau of Publilc
Roads' technique gave a 100-year peak rate equivalent to the other
two. The peak rates are as given in the table below:

e esees eGSR @ eENR GHEN 2SR e

Recurrence
Interval (years) 2.33 5 10 25 50 100
! Instantaneous
Peak Inflow (cfs) 185 280 410 620 810 1050

Y-




{gan sea level. These elevations are from an assumed datum, not mean sea level,

Page 3 of 3 - Nearest damage center is from the dam to the confluence of Knapp

i
Lcook and North Branch of Black River. Knapp Brook Pond is to Springfield,

. 2rmont as any one of the Corps Flood Conﬁrol Dams by itself is to Hartford,

Connecticut - insignificant,
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TABLE I

KNAPP BROOK POND #2 - HYDROLOGIC DATA

(NEHI, CHARTS)
Drainage Q9 Q0 % Qso Qsp
Location Area w/o Pond With Pond Reduction w/o Pond with Pond
X{napp Srook Pond {1 3.4 470 " 280 40 850 680
'j_mpp Brook at Mouth 5.0 650 " 460 29 1,200 1,030
North Branch of Black River
‘at Confluence of Knapp Brook 25.0 1,830 1,640 10 3,440 3,270
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Knapp Brook Pond Dam, Site #2 - Cavendiaza?
zdua;d F. Kehoe, Commissioner, Deﬁt. of FPish & Game

Donald H. Spies, Dam Construction Engineer, Dept. of Water Resources

September 22, 1972

On September 21, 1972, the writer made an inspection of tﬁe subject
structure. The dam is an earth fi;l structure with a drop inlet and & two
foot CMP for a principal spillway. The drop inlet has stop logs to control
the water level. The emergency spillway {s an earth channel with a concféte
weir for the control section. | . ER IRy

;The dam is in good shape, but does have some saplings growiné in the - ;g“ :
riprap on the downstream toe. “The emergency spillway, though, is in bad f

shape. 1In addition to a number of large logs that are scattered on the

crest, the downstream channel has undergone severe erosion. This should

be corrected so that it doesn't work its way baék furthef. A possible " f
solution would be to dig up this portion of the spillway and refill it

with boulders 18" to 24" in size. Then fill the voids with 1" to 3" gtones. ?;E‘
ce: Robert Collins, ﬁaintenanceHSupervisor‘ . e " i':ff’f

Richard Sears, Land Negotiator
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MANASEMENT & ERGINZERING DIVISIOAN

EIMORANDUIL

To: Cathy Dotliwell, Eiccutive Sccretary, Water Resources Board
From: Andre Roulcau, Ascistapt Divector, ¥ & E Division

Subject: Kent Pond Dawm and Knapp Pond Dol #2

Lo Januwary 7, 1974

It has just ccme to my atteation that we have an outstanding request from
i1l Irwin regording the above captioned dama (copy attached)., lisre are our
cozments that Will asked for:

The damace at both dams duriny the floed of Juae 30, 1973, was in the
em~roency spillvays., It consisted of ceverce crosion of the carth spillway,
causing a partial faillure to the spillwzy, Thilc kind of partial failure
becomas worse cvery tima wvater flows over the cmargency splllvay. It is possible
that the crmorzency cpillvay may not be utilized for scveral ycara, but on the
other haand, it could be reculred to pass water at any time. The Fish & Game
De:artnunt, at our request, has loucred the water level im both ponds so that

the ponds axe alwost cmpty aad have only noainal conscrvation pools at tho
present timo,

It {3 very important that tlie emorgoency cpillway be repaired so that

courplete failure would not occur., The Fish & Gamd Departrment has retained

consultants to ro-design the omergency spillways. The f£irm of Dufccsne-lienry

13 doing the vork at Kuaapp Poad Dem #2 and the firm of Dulols & King 1is doing
tho work at Ileni Pond Dam. Tha deaizn has been reviewed by our office and there
18 no subgtantial change to the purpose of the fmpoundments, althoush tha
cmorgeney cpillvays will nov be coutsolled by concrete and rock £111, a3 opposcd
to being an citcavatioa and to ori;inal ground as they were previously. Thiso is
tho only practical way of correctling the situation.

I do consider this Qs @ cignificant alteration of a dam and I further coasidor
4t to be cmergency werk. Doth projects are now under conStruction with tae
eritical phases scheduled for completion prior to the spring runoff. The pro-
ccdures provided by Chapter 43 chculd be followed for both of thece projects.
liouever, tima 48 not availcble for these procedures due to the critical conditions
remaining wihile thao wmatter is belng considered.
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#1. OVERVIEW OF KNAPP BROOK SITES NO. 1 AND NO. 2.
KNAPP BROOK SITE NO. 2 IS THE BODY OF WATER ON
THE LEFT; THE DAM BETWEEN THE TWO PONDS IS KNAPP
BROOK SITE NO. 2.

#2. EMERGENCY SPILLWAY IN FOREGROUND WITH OUTLET
STRUCTURE AND DAM EMBANKMENT IN BACKGROUND.
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#5.

#6.

EMERGENCY SPILLWAY WITH APPROACH CHANNEL TO

SLUICE GATE.

CHUTE AT EMERGENCY SPILLWAY.
SITE NO. 1 POND AT OUTLET.
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#7. CHUTE INTO KNAPP BROOK SITE NO. 1 POND.

#8. DOWNSTREAM SLOPE OF DAM.
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#9. RIGHT TRAINING

: WALL OF CHUTE
SHOWING MAXIMUM
DEFLECTION.

‘ #10. RIGHT TRAINING WALL
OF CHUTE, SHOWING

SEPARATION AT CON-

STRUCTION JOINT.
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:f_»\g\ouz b A- _T{; L_ '; Pnms
| Yo \<nc\'\39 Ne. 2 2.89 LS S 18 \®
Lrbiecn Neoz 2 Ne. | 0.28 .24 & ' S \ 5
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" KNAPP POND NO. 1 AND 2 ’ .
CAVENDLSH, VERMONT
ST e TEST FLOOD ROUTING = 0.5 PNF Trem e — -
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-1 NG TONHR O NMIN' [0AY (MR [MIN METRC IPLT IPRY NSTAN — ~— ~ ==~~~
144 ° 10 \ Q ° ° 2 ° °
. . JOPER Nt _ .
e e e et e ——— e e am 3 H et e e e ———
‘. - SO0088888 8 0099080080 68980 00se 8080056908 [ XX XIJ1T2)
- e s o e - SUB~AREA RUNOFF COMPUTATION me e e e
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<ot - §STAQ  JCOMP  LECIN  ITAPE JPLT ~ JPRT " INAME ~ " T oomTm—em e
. - 1 0 0 0 o ° 1
S B T el HYOROGRAPH DATA : - T e
INYDS 1345 TAREA SNAP  TRSDA  TRSPC  RATIQ  ISNOM  ISAME  LOCAL
- 1 ] 2.89 0.0 0.0 1.00  0.500 o 0 0
i ' PRECIP OATA
] SPFE PMS Re R12 ~ R24 R48 RT2 R96
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. : . LOSS ‘DATA .
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. . -~ - tPe 1,50 CPE0.T5 HYAS O . .
: § -7 RECESSION DATA S -
' ] STRTGS  6.00  ORCSNS  -0.10  ATIORS 1.50
APPROXIMATE CLARK COEFFICIENTS FRIM GIVEN SNYDER CP AND TP ARE TCHL0.75 AND RS 5.38 INTERVALS
:) UNIT HYDROGRAPY 36 END-DF-PERIOD ORDINATES, LAGH  1.50 HOURS, CP# 0.75 VOLS 1.20
| . 135, 2068, 4le. 567, 6. [FT 9113, 946 935,
- 868, - 748, - - 62%. S22, 436, 36%. " 30%. 25%. T 213. S 1 N
149, 124, 104, 87, 72. 6l. Sl 42, 35. 30,
v T 2% 21. 17. 14. 12. . 10. - :
END-OF-PER 10D FLOu
TIME  RAIN  EXCS COoMP Q
—t ——— ~—¢—0 t0 0.02 Q.00 6. "~
' . 1 0 20 0.02 0.00 6a -
B 1 030 0.02 0.00 6. -
— 10 40 0,02 Q.00 s, - -
i . 1. 050 0.02 0.00  ba .
] ‘170 60 0.02° 0.00 6a
T~ 1T 10 0.02 0.00 M TS
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3 . e el S e be et e o 1 130 0.02 0.00 [ 33 B
-,—l st S D e TS 8.52° G.00— G r———
1 150 0.02 0.00 1.
1 1 80 0.02 0.00 .
12 10 0.02 0.00 - Y -
1 220 0.02 0.0 Te
_ 1 230 0.02 0,00 7.
- —_ =12 40 - 0.02 0.00° P T - m———
: 1 250 0.02 0.00 Te to
1 ‘260 0,02 0.00 7. .
- 13 10 0.02 0.00 “Te —
. 1 320 0.02 0.00 T. .
i -1 330 0.02 0.00 1. .
TS cgmsese———S——p 340 0,02 0.09 B It tted - s
l ’ 50 °c°2 0'00 'o 3
_ R . | 3 3 &0 0.02 0.00 Te
- - 1410 0,02 2.00 T LS—
. T 420 0,02 0.00 Te
o e ) _ T 43 0,02 0.00 T. .
R TITTIITTIT I T T 1 4 400 0,02 0.00 T. e e -
1t 450 0,02 0,00 Te .
_ : . 1 4480 0,02 0,00 1. )
b ‘L% 10 0,02 0.00 T -
. . 1 $20 0,02 0.0 1. i :
R 1 $30 0.02 0.00 ' .
. N T T T T g 3400 0,02 0400 P T ermiremmeem i e e
. t $5% 0,02 0.0 e
i I 360 0,02 0.00 '
TTIh T T S 6 100 0,08 . 0.0) Te -—
. ‘L 620 0,080 " 0.0) i, ’
l-‘ * - - - . ] ,0 °o°‘ 0'01 l'o
; l.._.-..__- e e D26 et
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0.03
0.03
0.0}
0.0)
0.03
0.0)
0.03
0.03
0.03
0.03
0.0
0.03
°.°’
0.0)
0.03
0.03
0.03

0.03 ”?2. .- B T R <
0.03 49,

J.0) 1.

0.03 9. S e s _— e
0.03 123, i
0.03 152, ,
0.03 180. R e T
0.03 206. .
0.03 229,

0.03 268, - - -
0.03 263,

0.03 277, :

0.03 288. - - - ———
0.03 297.

0.03 304«

0.03 Nl. - ——

0.03 316

0.03 321

0.03 326, ~— - [
0.03 328.

0.03 330,

0.03 332, - -

0.03 336,

0.03 336, .

0.03 337, - — e
0.03 338,

0.03 339,

0.03 339, o e -
0.03 340,

0.0) 36l.

0,03 Il ' ¢ — e e _
0.03 31,

Q.03 362,

0.30 *3%2. ST ———— _
0.30 389,

0.30 ©62,

J.30 5373s

0.30 730,

0.30 92%.

0.37 1156, e - .
0.37 1415, .
0.37 1691,

0.37 1973. - ——— - I
0.37 2248, .

0.37 2499, .

0.67 2729. -

0.47 2946, ¢ '

Oe 67 3155. .

0.47 3358, e e et s e
0,47 3556,

0.47 3787,

1.24 39%8. - - -
1.24 4236,

l.20 48068,

1.24 5075, S — - PR
L.26 %6446,

1.26 6308.

O.44 7018, A

0.44 7688,

0. 44 8266. .

Q.04 er07. e e e ————— e e
0.44 8966,

o.“ 900‘. M

0.34 0842, -

0«34 8526. . -

0.3¢ o100,

0434 7610. . e ——————— e e
0.3% T, \
0.34 6650, .
0.00 6226, - - g ——
0.00 5816, ' .

0.00 5402, .

0.00 4979. - - et AT
0. 60 4562,

0.00 4093,

0.00 3836, -

0.00 3193, .
0.00 27e3. . -

0.00 2327, o i e m e e mas
0.00 1951, .

0.00 1628, .

0.00 1358, bt

0. 00 1132, . )
0.00 943,

0.00 874, - o - e et e e+ e e« .
0.00 ¢ f40. .

0.00 806, . . .

0.00 178, e -— —
0.00 743, .

0.00 T8,

0.00 (1129 - e - -
0,00 (3118
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v . \w'__;.-v 3 ;muv-\wr__\_‘ . - -
—l - ; ¥ 22 10 0.03 0.00 " " TsoT. : :
’ Co. 12220 0.0 0.00 533, . '
122 30 0.03 3.0 560. e
e e - [ 22 40 0.03 0.00 537, .
: - . 1225 0,03 0.00 Sle.
' ’ . 1 2260 0,03 0.00 496, ¢ _—
- T°23 10 0.03 0.00 476,
N ’ 12320 0.03 0.00 45Y.
. Ll Lo ..1 2330 0.03 0.00 439. g
R e FIIA0  0.03  0.90 “iis . ARt T
12350 0.0 0,00 405,
1 23 60 0.0) 0,00 389. . .
‘ SUM 24.00 20.064 -231868.
e I T Y 1'¢ 6-HZUR 24-HOUR 72-HOUR TOTAL VOLUME ottt ETm et
CFs 9004. 5375. 1610, 1610, 231865,
INCHES 17.30 20.73 20.73 © 20473
TAC=FT T T TTTTTITTTT 2667, 3195. ° 3195.° " TTTU39S, T g -
. d * . —
‘
ey e v
*JVYNS .
T T T s e e e TTSTTT RUNOFF MULTIPLIED 8Y 0.50 Eiiens - = e
3. 3. 3. 3. 3. 3. 3. 3. 3. 3.
3. 3. 4. 4. '™ . 4. ' ' 4,
TR T T TRTTITITITAY T T, T 3, TR g, e g e = 30 T 7 3
3. 3. 3. 3. 3. 3, . e 6. 10. 16,
‘26, 3s. 48. 62., 76, 9. 103. ile. 124, 132.
Tt 138, 146, 148. 152, 155, 158. - 1ls0. 162, 164, 165,
166, 167, 168, 168, 169, 169. 170. 170. 170. 171,
1. 171, 176, 194, 231. 287. 365. 463, S78. 107.
T T T S 84S, 87, 112e, 1250. 1365, 1473, 1578, 1679, 1778, 1873,
1979, 2118, 2303. 2531, 2822. 3154, 3508, 3846, o133, 4353,
. j 4482, 4502, 4421, 4263, 4050. - 3805, 3555, 3325, M3, 2904.
T Tt 2v01. 2489, 2211, 2046, 1818, 1592. 1372, 1166, 975, 8ie.
679, S66, €72, 437, 420, 403, 387, 37z, 357. 363,
. 329. 316, - 303, 291. 280, 269. 258, 248, 238, 228.
—I T 219 T 211, 202.- 194, e R L S SRS S PR
- . PEAK 6-HOUR 24~MOUR T2-H0UR  TOTAL VOLUME ’ .
TTTUTTTTTTIT s s T S U CFS T 4802. 2687, 805. 80%. T 119932, e -
. INCHES 8.65 10,37 10.37 10.37
AC-FT 1333, 1598. 1598. 1598,
. .
- . -——— - —— AN - - — o — ——— - - ——
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(TX AT 1117 ] 96000008080 So008OREES
] MHYDROGRAPH ROUTING
- === CRESERVIIR ROUTING ~—— KNAPP PCOND OAM NO. 2 --GATES o - i
. ISTAQ  ICOMP  LECON  ITAPE JPLT JPRT . INAME o
. 1 . 1 o [ [ [} -3
T T RDUTING DATA i
. QLOSS  CLOSS AVG IRES  [SAME .
0.0 0.0 0.0 t o . ) .
. NSTPS  NsTOL LAG  AMSKK X TSK  STORA e
. _ 1 ] 0 0.0 0.0 0.0 1.
STORAGES 368. 387, 405« 420. S44. 460, 483, 524, S6b. 810,
OUTFLOWS Oe 14, 217. 420, 665, 1024. 1509. 2121, LYY I 6600.
. TIME EOP STOR AVG IN  EOP OUT
1 010 389, 3. 3.
t— 0 20 369. P - e v -
1 0130 3694 3. 3. .
1 0 40 369. 3. 3. .
i ittt it SN - I 7<) 389. 3. 3. T s mmmmm s e
L 060 369, 3. 3.
1t 110 359, 3. 3.
T s oy 1 20 369, 3o T TR TTTTT ST w e e e -
1 1 30 369. 3. 3.
1 1 40 369, 3, 3.
ST e s e e e R T B 1) 369, 3a “3e T mmmmreems s e
1 1 60 369, 3. 3. .
1 210 369. 4 3.
— -2 20 369. C e T8 -
1 213 369, 'S W
1 2 40 369, 4. 3. .
e e s - e ————=1 2 50 369, “. R T e el
. 1 260 369. '™ i S
. 1 310 369. ‘. 3.
CAan g T~ 3 20 369. IR Vi ‘3. ;
T 330 369. 4 3. . . i
. 1 340 369, (' 3.
- —- r 3 %0 369, 4. ai Pl —_
. 1 3 60 369, 4. 3.
Lt ¢ 10 369, 3. 3.
: T 620 369, T34 T3,
¢ 1 & 30 369. 3. . 3.
~ T & 40 369, 3. 3.
— 1" &4 50 369, 3. Sy, T mee f
. 1 4 60 369, 3. 3.
1 %10 369, 3. 3.
1% 20 369, e O 3
1 520 369. 3. 3.
1 S &0 369, 3. 3. . i
-~ —- £ s 50 369. 3. B -
1 % &0 369, 3. 3.
1 610 369. 3. 3.
T— 6 20 369. S, 30
1 & 30 369, 8. ' .
- T .. 3 & a0 369, 13, 4. :
- T86°%0."" " 3é%. 263 £y — Sy !
, 1 & 0 370, 30. 6.
1 710 370. 42, 8.
T—71 20 T IN. $S.. Bt § et —
1 73 Mn. 69. 16, '
. 1 7 40 312, 3. 17, l
UL 7 80 373. 9. 21. - - e
t 760 378, 109. 28,
1 s 10 376, 119, 3. .
. 1 82 377, 128, T 38e T — - I
1 8 30 3. 135. 6l
e . 1 840 3so. 161, 46. !
—_— ettt S A 1] 36L. 146, Ste T T T Tt s
. L 8 60 383. 150, 5.
1 910 38, 154, 2. 1
. T 9 20 3%, 157, T 8%e v R - ‘
1 s 3% 386, 159. 124 :
- S N I %40 3ss, T3 18, i
il S 1] 389, 163, 8T T T e e
1 e 0 390. 16s, *s. : 1
110 10 391, 186, 102, ) .
j . N ‘1°10 20 9. 1817, 109, - - — ]
1 10 30 392, 167, 115, :
R 1 10 &0 . 188, 121,
- . e - - -
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t 12
112
112
112
112
. 113
- t 13
’ 113

- 113

e mat S &
ot 113

. 114
1 14
1 1s
114
t 1¢
114
115
1S &)
115
115
- m—veeme———1 1%
. 115
116
—=1"16
116
116
- 116
i * - 116
! . , 117
t-t7
117
t 17
$ 37
- t 17
118
T 18
118
118
1 38
118
119
119
119
119
. 119
. . ‘e 119
. ) 1t 20

¥ . 120
‘ : . : 120

P X a3
a0 Tt o

e e—————— e

r——
.

- s P g et 00 Pt 04 P B0 Gt P8 0

~f-- : — gpg -
’ ENCHES

AC-#1

PEAK
4360,

o AR
393, 169. 126. - ' - T
366, 169, 138.
. 395 170, 136, i
39%. 170. 138, = mreme T T -
395, 170. iate
396. 170, 144, . ~
396. 171, 147, e s T T e
397. 317t 149,
397. t73. 152. N
97. 185. 155.° - e
398. 213, 16l. '
399. 2959, 171, e
401e 326. t188. - ey - °
4064, 414, 211.
4D8. %20, 260. * -
4130 643, 325. T -
419. 776, 402,
425. 916, 474, . _
433, 1055« 551e T TTTTE o s TETT T
4st. 1187, 634,
4489, 1307, 182.
as?. 1419. 952. - - v N
LYY 1525. “1101e
470, 1628, 1235, .
476 1729. 1360. T - -
482. 1826, 1478,
487, 1926. 1620.
492, 2049. 1766, - -
497. 2210. 1917.
502. 2420, 2088,
509. 2680. 2289. e T -
517, 2988, 2526.
520. 3331. 2622«
535. 3676, 3203. R et
S44. 3989, 3553,
551, 4243, 3860. .,
557. 4418, 4108. - - - -
56l 4692, 4279.
563. 4461, 4360. .
563, 4342, 4352, - v -
Sél. 4156, 4265.
55T7. ‘3924, 4115.
553, 36803 332t
548. 3440, 3707.
542, 3219, 3490.
537, 3o0l10. 3276, T " —
$32. 2805, 3066,
s27. 259S. 2856, .
s22. 2380, 2664, - -
516. 2159, 24924
510. 1932, 2302.
503. 1705. — 2099. -
496. 1442, 1889.
489, 1268, 1678, .
482. 1070. 1481. - i S hindhading
47S. 895, 1332.
4868, 147, 1184
461, - 822, 1061, e "
455, 519, 903. .
449, . 454, 783,
445, 428, ~  688. ik
462, a1t 641,
438, . 395, 608.
435. 379. T S18e T 7T -
433, 364, $50.
430, 350, $23. .
428, 33s. 499. TT ST TS e e e T
425, 323, 415,
423, 310. 454,
421 297, 7 7833 T
419. 286, 412,
413, 274, 388.
T 4l6. 263, 367. e
415. * 253, 348,
4t3. 243, 330.
412, 233, 313. -T
411, 224, 298, "y
410. 215. 2084, .
409. 207. M. et eeanhimasi e
408. 198, 258, i
T i habiiaehninsiinant § ¥ 1 ¥ 1 P
6~HOUR  24~KOUR  T2-HOUR TOTAL YOLUME . .
© 2633, 785, 78%. 113110, o TR T e e e s
C.47 10.11 10.11 10.11
1306. 1559. 1559 1599, .
. P
. v
- - - ——d -
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A . . 05060008 0¢ *eesosest e Se06soee00 600000808 [T 7Y 12211 7)
SUB-AREA RUNOFF COMPUTATION
Semmem s —eemc— - - o GUB~AREA ND. 2 TO KNAPP 1 R i mm T
ESTAQ  1COMP  1ECON  ITAPE JrLt JPRT  INANME
2 0 ° 0 [} [} 1
. . MYOROGRAPH DATA
. Y05 TURS  TAREA SNAP  TRSOA  TRSPC  RATIO  ISNOW  ISAME  LOCAL
— Tt Tt T T 1T 0430 0.0 0.0 1.00 0.%00 0 ‘@ T @ e e
. . PRECIP DATA - :
<" —-—-SPFE " PAS - R& R12 R26 © R4S T RT2 - RS T ——————— .
0.0 18,00 111.00 123.00 133,00 0.0 0.0 0.0 :
- e - - - : LOSS DATA - : - ———e e
STRXKR  DLIKX  PTIOL ERAIN  STRKS RTIOK  STRIL  CNSTL  ALSHMX  RIINP
0.0 0.0 1.00 0.0 0.0 1.00 0.30 0.18 0.9 0.15
UNIT HYDROGRAPH DATA
< P8 0.2¢4 CPE0LTS NTAS O
. RECESSION OATA
STRTOS 1.09 QRCSN#  ~0.10 RTIOR® 1.50
- RPPROXIMATE CLARK CIEFFICIENTS FRIM GIVEN SNYDER CP AND TP ARE TC# 1.98 AND K¢ 0.65 INTERVALS o ——— e
N UNIT HYDROGRAP A S END-OF-~PERIOD ORDINATES, LAGS 0.24 HOURS, CPS 0.75 VULS 1.00
- o - 288, $37. 320. 43, 6. : - C e
ENO-OF ~PER 10D FLOwW
TSI - — - c———eo o — —— TIME  RAIN  EXCS CoXP Q- - S
- 1 010 0.02 0.00 2.
. 1 020 0.02 0.00 3. - ,
ST ts—c— - ——— - ——-—- - 30 0.02  0.00 .. Cmmmmes e e e ————ree—
1 040 0.02 0.00 e :
1 050 0.02 0.00 4, .
- "0 60 0.02 0.00 o - - -
- 1 110 0.02 0.00 6. . . -
. 1 120 0.02 0.00 “. _ . o -
- T 130 0.02 0.00 4, oo ——= : -—
1.1 40 0.02 0.00 4. ) i . :
L ¢l S0 0.02 0.00 4., . .
- I°"1°60 0.02 0.00 S & - .
\ L 210 0.02 0.00 ' . . .
. . . £ 220 0.02 0.00 4. : . :
—o—tms————————-%1 2 30 0.02 0.00 R PR — ——e -
1 240 0.02 0.00 4. L e
1 250 0.02 0.00 & .
£—2 60 0.02 0.00 R T S - -
1.3 10 0.02 0.00 4. :
t 320 0.02 0.00 4. L
- I- 330 0.02 0.00 ke T s et
3 360 0.02 0.00 e e : .
. . 1 350 0.02 0.00 4.
T3 60 0.02 0.00 R Tt e -
1 410 0.02 0.00 . [ A
= . N . ‘'l 420 0.02 0.00 4. _
" TF IV V.02 D.UD 43 ——r  antaa -
1 440 0.02 0.00 4
1 4% 0.02 0.00 I ) : .
174 60 0.02 0.00 T Ae
1 %510 0.02 0.00 4.
. I $20 0.02 0.00 4 . . '
. - T %30 "0.02 0.00 T Gy T T T < ——e
1 % 40 0.02 0«00 LY : ) . .
1 550 0.02 0.00 4. . e i
I"°%°60 0.02 0.00 " &e :
. .o 1 610 "0.06 0.03 12. . S
o _ 1 20 0.06 0.03 29.
—_ it ~1 6 30 0.06 0.03 39. T T T e el Y
. 1 & 40 0.06 0.03 40. ! . |
1 650 0.06 0.0 40, i
N ~37 6 66 0.06 Q.03 - 40, T - m———
. . 1T 710 0.06 0.03 40,
e 1 720 0.06 0.03 40. :
T T TTTTT TS 730 0.08 0,03 0. it R PUCSORRU
1 740 0.06 0.03 «0. ‘
1T 75 0.06 0.03 «0. !
—_— ~1 "7 40 0.06 0.03 0. ~T—mi— e -- —-
1 810 0.06 0.0) 40,
1 8 20 o0.06 0.03 «0, : )
TTTTT T s e s s e e e 1 8 30 0.06 J.0) 40. - e e e e e s -
. L 840 0.06 0.03 - &0, .
) 1 83%0 0.08 0.0} 40, .
. ~—1- 860 '0.06 0.0) a0, - e———— pm o
I %10 0.06 0.0 «0. :
. Lt 920 0.06 0.03 0. : .
R . e e~ - .1 9 30 W.08 0.03 0. I ammai AT SO
T 940 0.06 0.0) 40. o
1 9% 0.06 0.0} 40, : * ‘
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R T~ 9 60 0.048 0.03 0. T N
110 10 0.6 0.0) 40, .
1 1020 0.06 0.0)3 40. ~
o ———— ——meme——cs-—- - 10 30 0.06 0.0) 40, ST T T
’ 1 30 40 0.06 0.0) Y N
‘. 110 50 0.08 0.0) 40, -
- 31°10 60 0.06 0.03 40. - -~ -
£ 1L 10 0.06 0.03 A0, .
11120 0.06 0.03 40,
- = § i1 30 0.06 2.0) 40, - - T :
1 11 40 0.06 0.03 40.
111 S0 0.06 0.03 40. o
$°31 60 ©0.06 0.03 40.
. 112 1o 0.33 0.3t 110,
’ 11220 0.33 Q.31 256. o
—h T e e em— me—m—eee————oe-- 112 300 0433 0431 343, et et PSS
’ 112 60 0.33  0.31 355. .
. . 112 50 0.33 0.31 357,
- : ~1 12 60 0.33 0.31 357,
: ) : 13310 -0.40 0.37 374,
. - : . 113 20 0.40 0.37 409,
—— 8 —- - "1 13 30 0.40 0.37 431, —- -
. ’ : 1 13 40  0.40 0.37 434, - .
11350 0.40 0,37 434,
— - ~L 13 60 0.40 0.37 434, -
’ 1184 10 0.50 0.47 459,
1 14 20  0.50 0,47 s13. ;
M e e e = 1 14 30 0450 D.47 $45. T T T T e e
1 14 40 -0.50  0.47 549,
1 14 50  0.50 0,47 550. ~ o
~1 -— : — TTT— 114 60 0,50  G.%7 550. T e e e e e e
. . g L1s 107 1.217 1.24 745,
L. : oot .1 15200 1.2 .24 1156.
= - - = TTIS 30" 1.27 1. TTTTTINGL T ~ meRmesT
A . 115 40 1,27 1.2+ 1434,
- - : 115 50 1.27  1.2¢ 1438,
11560 1.27 .24 1438, - -~ —— =
116 10 0.47 0,44 1235.
- : . . 1 16 20  0.47 Q.44 806,
TITTOUTTTTTITOTT U TTTTITTIITIITTTTIOT 16 300 0447 0.4k 550, T T T T e e e
: 1 16 40  0.47  0.56 516,
~ o . 116 50 Q.47 Q.44 s11.
3 . : - STIT16 60 Q.47 0.44 Sit., T -
- ’ ‘ 77 1717 10 0.37 0,34 486,
.o . . 11720 0.37 0.3¢ 432, . .
—f T - N T O1-17 30 0.37  0.34 400. ST S e e e
i L . 1 17 40 0.37 0.3 396,
. : ’ 117 50 0.37 0.3 195,
1 17T 60  0.37  0.34 395, - -
. 11810 0.03 0.00 310.
o : 118 20 0.0 0.00 ‘143,
T TTetT oI TS e 18 30 0403 0,00 138. - B
: 118 40 0.03 0.00 132,
118 50 0.03 0.00 127. T
- 1718 60 0,03 0.00 122. T T T e e
. 119 10 0.03 0.00 117. -
. L 19 20 0.03 0,00 12,
TyrTTT o TTy s o e - — o= 1019 300 0.03 0.00 108, Tt e
1 19 40 0.03 0.00 104.
. 119 % -0.03 0,00 100.
X —_ —E'19 60 0.03 0.00 96, T mommemmes s—
1 2010 0.03 0.00 922,
12020 0.03 0.00 88, . .
. - : —T"" 120 30" 0.03 0.00 85. e et -~
L 20 40 0.03 0,00 8l.
1 20 %0 0.03 0.00 18.
"] : —1 20 60 0,03 0.00 k4 P N
. 1 2110 0.03 0.00 72.
- 12120 0.03 0.00 69,
TTTTTTTTTTS T N1 21 300 0,03 0400 66, T T e e
. 1 21 «0 0.0 0.00 64,
121 50 0.03 0.00 61,
-] 1°21 60 0.03 9.20 59, = - —-
. 1 2210 0.03 0.00 S6.
12220 0.03 0.00 sS4
R TTTTRITTT Tt e e 2 1022 300 0403 0.00 s2. i
1 22 40 0.03 0.00 50.
. 1 22 50 ©0.03 0.00 “8. .
-t - I 22 80 0,03 0.00 a8, -
) . 12310 0.03 0.90 ot
- - .1 2320 0.03 0.00 .2
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. . L 23 S0 0.03 0,00 38. ,
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PEAKR 6-HOUR  24~MOUR  72-HOUR  TOTAL VOLUME
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T COMEBENING FLOW KNAPP 1 AND 2 e ovemmemsmee s e o e s e e
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1 110 186, 5. 65,
—— 11 20 185. Se TTTTTSB. g TTTITTT T
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- T Ts T Tt - e § 1 50 134, Se 42. e - T,
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t 210 183, S, 34,
i e b S L 182. Se ° 77 30. Tt - -
1 2 30 182. S. 27,
t 2 40 182. s, 25. °
----- — e s It S T 181. S. 22. S e
1 2 60 181. S, 20.
t 310 181. s. 18,
- 1 320 181. Se T TT17. -
' 1 3 30 181, Se 16.
. 1 3 40 18t. 5. 14.
S s eme—s sett————em—— - g - 3 S0 180, S. 13. - - e e
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— —— I & 20 180. S T T Il T
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——— 1 & S0 180. Se - 9, —- -—
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- -- — e ———-1- § $0 180. s. o Sl - o s
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<! - T—%°50 " " 180. --253 te: == S sETTERaa
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: —-= T 9 20 Les. LT 83, e - -
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I —— -1-10 20 188. 126. 83, - - e
1 10 30 189. 132. §9. '
e 110 40 189, 138. 954 '
— - Tttty T o mese— 1 10 %0 190. 163, 100. - e e
. 1 10 60 19t. 148. L0s. .
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—_— 1-11 20 192. 156, - 1nr. - e -
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e e I SR SRR 1 193, 166. 131, R
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————————— s ems— e — e 1 13 20 210. 489. 300. ST T T e e
' 113 3 213, ST4. 347, -
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[ et S & B 1) 221. 129, 4564 o T T T T
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1 14 20 237, 1110. 678, - -
114 30 245. 1291. T84,
. 1 14 40 253. Leal, 898,
——————— e — e e e e e £ 14 S0 262, 1572, 1021. - T i
1 14 60 2710. 1694. 1166.
L 15 10 219. 1873, 1318.
—_— s -1 1% 20 289. 2168, T 150t. - b
: 115 32 300. 2430. 1403.
1 15 40 309. 2711. 2281. o
e et S S - -1 315. 2906. 25713, - T = e T e
. 115 60 321. 31271, 2832.
1 16 10 326, 3363, 3104.
- - 1-16 20 330. 3523. 3409. - " —
: 1 16 30 332. 3TL7. 3633, .
L 16 40 335. 3913, 3580.
——— e T s T e e ) 1680 339. 42641, 4143, m T e S e
1 16 60 3ol 4549, 4365,
117 10 343, 4569, 45)14,
it B & 4] 344, 4535, 4585, - i Tt
117 30 343. 4517, +53C.
«1 17 40 342, 4389, 4827,
—_ - - - TTRIT 50 343, SZis. T~ idTs. e = hidd o
117 60 33g. adl2, 4083,
118 10 335, 3775, 3359,
R SN §- 1] 332. 3496. 3595. c - —--
L 18 30 329. 3241, 3338, .
- .1 18 40 - 326. 3029. 3113,
Tt T T TUoT TThts— o e os= 118 80 323. 2825. 2942, - - -
1 18 60 320. 2640. 2401.
119 10 317, 2457, 2640,
) 119 20 o313, 2258. 2461, -
119 30 308. 12069, 2269.
. 1 19 40 304. 1837. 20617,
T T/ — - TTTTTTTTT 1 19 S0 299. 1630, 1883, e e e -
. 119 60 295. 1455, 1672,
Y ' 1 20 10 29t. 1305, ts27.
e B 1 20 20 286. 1158. 1647, e -
: ° 1 20 3 281t. 1015. 1354,
. .1 20 40 215, 884, 1253. *
Tttt T o T o e 01 200 50 269. 116, 1150. - e e m s s o e
. L 20 60 264, 703, 1054, .
121 10 259. b61. 973,
o “1 21 20 255. 628, T 913, - c——
121 3 251, * 698, 859.
. 1 21 &0 267, 569. 808, *
ettt O 2 O 1) 244, 542, 762. - R e
1 21 60 240. 517. 720,
1 22 10 238, ' 493, 680.
1 22 20 235. 471, 644, s —_— —-
. . 122 30 233, €49, 610,
1 22 40 230. €25. 578,
TE TSI TT eI s mes s s e s 2T 22 50 228. 402, 548, - e e
1 22 60 226. 381. $20. .
Lt 23 10 224, 3st. 492.
Tt 23 20 . 222. 343, A8, = —
$ 23 30 220. 326, 443, R
. : 1 23 40 219. 3ll. 420.
I S & I+ 217, 296. 399, - S e e e
L 23 &0 218, 283, 379,
= suM Tttt = o 1 24686 T e
v PEAK 6-HOUR  24-HOUR  T72-HOUR  TOTAL VGLUNE
Rt L | 4566. 2329. 866, 866. 1264656, e —e—
INCHES 8.25 10.10 10.10 10.10
AC-FT 1404, 1718, 1718. 1718.
\ RUNOFF SUMMARY, AVERAGE FLOW . .
-~ .
T T T T T e e e e PEAK 6-HOUR  24~-HOUR  T2-HOUR AREA R
HYDROCRAPH AT . 3 4502, 2687, ° 805. 805. 2.89 '
ROUTED T1J ] 4350, 2633, 785, 785. 2.89
T o e T MYDROGRAP 4 AT 2 719. 3064, 9le 9. 0.30
2 COM3I €D 20 4803, 2889. 817, 817, 3.19
ROUTED 123 3 4556, 2829, 866, 866, 3.19
D~33




I — pr— [, h— —— — ——— am——— n— sunm—y Sa— o P

APPENDIX E

Information as Contained in the National Inventory of Dams
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