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NATIONAL DAM INSPECTION PﬁOGRAM
PHASE I INSPECTION REPORT

Identification No.: NH00135

Name of Dam: Gove Dike

Town: Nottingham

County and State: Rockingham County, New Hampshire
Stream: Tributary of Pawtuckaway River

Date of Inspection: 30 May 1978

BRIEF ASSESSMENT

Gove Dike is about 9 feet high, 20 feet wide at the crest,
and 270 feet long (as measured in the field). It is a T
136-year 0ld earthen embankment contained between a nearly
vertical wall of rounded boulders upstream and a vertical
dry masonry (stone) wall downstream. An unpaved road
occupies the crest of the dike. This dike and Dolloff and
Drown's Dams form the impoundment system of Pawtuckaway
Pond. The pond is used now for recreational purposes. It R
is 3 miles long, has a surface of about 900 acres, and R
maximum storage is 11,700 acre-feet. s

3
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The dike is in fair condition. Major concerns with regard
to its long-term integrity are: the overtopping potential
caused by the inadequate spillway discharge capacity at
Dolloff and Drown's Dams, seepage at the downstream toe
(less than 0.01 cfs), and a 6-inch bulge in the downstream
vertical dry masonry wall.

The dike has no outlets. The test flood would overtop the
dike at its lowest point by 2.9 feet.

The owner, New Hampshire Water Resources Board (NHWRB),
should within two years implement the results, after evalua-
tion of the following: assess further all factors relating
to overtopping and to the inadequacy of the spillways of the
system and design remedial measures for the seepages at the
downstream toe of the dike and the bulge in the downstream
vertical dry masonry wall. Within one year, NHWRB should
implement the following operation and maintenance measures:
monitor seepage weekly, clear brush on the access road and
downstream of the dike, and establish a surveillance and

warning program to be exerc1sed durlzg floods.

Warren A. Guinan
Project Manager
N.H. P.E. No. 2339
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PREFACE

i! This report is prepared under guidance contained in the

. Recommended Guidelines for Safety Ingpection of Dams, for
Phase I Investigations. Copies of these guidelines may be

- obtained from the Office of Chief of Engineers (OCE),

Washington, D.C. 20314. The purpose of a Phase I Investi-

gation 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 involving topographic mapping, subsurface investi-

o gations, testing, and detailed computational evaluations

L; are beyond the scope of a Phase I investigation; however,
’ the investigation is intended to identify any need for such
. studies.
F
L 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 environ-

ﬁ' ment 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
incorrect to assume that the present condition of the dam

‘ will continue to represent the condition of the dam at

E! some point in the future. Only through continued care and
: inspection can there be any chance that unsafe conditions
be detected.
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Figure 1 - Overview of upstream face of Gove

Dike.
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< NATIONAL DAM INSPECTION PROGRAM
PHASE I INSPECTION REPORT
GOVE DIKE

SECTION I
PROJECT INFORMATION

N
A

1.1 General

a. Authority. Public Law 92-367, August 8, 1972,
authorized the Secretary of the Army, through the Corps of
o 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. Anderson-Nichols & Company, Inc. has been retained
by the New England Division to inspect and report on selected
dams in the State of New Hampshire. Authorization and notice
to proceed were issued to Anderson-Nichols & Company, Inc.
under a letter of May 3, 1978 from Ralph T. Garver, Colonel,
Corps of Engineers. Contract No. DACW33-78-C-0329 has been
assigned by the Corps of Engineers for this work.

b. Purpose.

(1) To 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

8 by non-Federal interests.

(2) To encourage and prepare the states to initiate
quickly effective dam safety programs for non-Federal dams.

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

1.2 Description of Project

a. Location. Gove Dike is located in the Town of

Nottingham, New Hampshire. Gove Dike, together with Dolloff

’ and Drown's Dams, form the structural barrier system that

] impounds Pawtuckaway Pond. Gove Dike dams an unnamed tribu-
tary of the Pawtuckaway River approximately 0.7 mile upstream
of their confluence. The Pawtuckaway then flows for about
2.5 miles to its confluence with the Lamprey River, a major
tributary in the Piscataqua River Basin. The dike is shown
on U.S.G.S. Quadrangle, Mt. Pawtuckaway, New Hampshire, with
coordinates approximately at N 43° 04' 54", W 71° 07' 59",
Rockingham County, New Hampshire (see location map page iv).

) [ o ¢ L ° * o ° e o e o ] ° ®
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b. Description of Dike and Appurtenances. Gove Dike
is a low earthen embankment with the upstream side partially
faced with a nearly vertical wall of rounded boulders. The
downstream face consists of a dry masonry wall. The dike,
as measured in the field, is about 20 feet wide at the crest,
270 feet in length, and 9 feet in height above the downstream
toe. However, past inspection reports and other records
(see Appendix B) reflect that the dike is 350 feet in length,
while the maximum structural height is 11 feet as given in
the Corps of Engineers' Inventory of March 1974. An unpaved
roadway runs along the crest of the dike (see sketches in
Appendix B). It is evident that fill has been placed sometime
prior to 1978 to accommodate another road near the right
(westerly) end of the dike.

c. Size Classification. Intermediate (Hydraulic
height - 8 feet, Storage - 11,700 acre-feet) based on storage
( =2 1000 to < 50,000 acre-feet) as given in OCE Recommended
Guidelines for Safety Inspection of Dams.

d. Hazard Classification. Significant hazard. A
major breach in the dike would probably result in the loss
of less than 10 lives and appreciable property damage.

e. Ownership. The present dike, along with Dolloff
and Drown's Dams, are reported to have been built sometime
between the years 1839 and 1842 by the Newmarket Manufacturing
Company for the purpose of impounding Pawtuckaway Pond for
use 1n their milling operations. Ownership passed on to the
Lamprey River Improvement Company, a subsidiary of New
Hampshire Gas and Electric Company, sometime prior to 1917.
The New Hampshire Water Resources Board (NHWRB) purchased the
three structures for one dollar in 1955 from the New Hampshire
Gas and Electric Company.

f. Operator. Mr. Vernon K. Knowlton, Chief Engineer,
New Hampshire Water Resources Board, 37 Pleasant Street,
Concord, New Hampshire 03301 is responsible for the operation
of the dams on Pawtuckaway Pond. Phone (603) 271-3406.

g. Purpose of Dike. The dike and dams impounding
Pawtuckaway Pond were originally constructed to provide
greater industrial storage for the Newmarket Manufacturing
Company located in Newmarket, New Hampshire. Later, under
the ownership of the Lamprey River Improvement Company,
Pawtuckaway Pond was utilized primarily as upstream storage
for generation of hydroelectricity for the region, with some
recreational usage. Pawtuckaway Pond is presently being
used for recreational purposes only.
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h. Design and Construction History. Little informa-
tion was found concerning the original design and construc-
tion of the dike. It is believed that the structure is
basically an earth-fill dike faced with vertical dry
masonry walls. A 1918 report recommended that an overflow
area be created by lowering the crest 2.5 feet over a dis-
tance of 125 feet at the western end of the dike. A letter
dated 1919 from the owner to the state regulatory agency
indicates that this construction was started. Visual
inspection found no evidence of an overflow area. Presently,
the dike also serves as an unpaved year-round road.

i. Normal Operational Procedures. Not applicable;
Gove Dike has no outlet facilities. No written maintenance
procedures were found.

1.3 Pertinent Data

a. Drainage Area. The drainage area consists of 20.66
square miles (13,225 acres) of predominantly wooded terrain.

b. Discharge at Damsite (Dike)

(1) Outlet works (conduits) - none

{2) Maximum known discharge at damsite (dike) is

unknown.

(3) Ungated spillway capacity at maximum pool elevation -
not applicable.

(4) Gated spillway capacity at pool elevation - not
applicable.

(5) Gated spillway capacity at maximum pool elevation -
not applicable.

(6) Total spillway capacity at maximum pool elevation -
not applicable.

c. Elevation (ft. above MSL) based on elevation of
250 shown on U.S.G.S. Quadrangle sheet and assumed to be

spillway elevation at Dolloff Dam, Pawtuckaway Pond. {See
Dolloff Dam Inspection Report.)
(1) Top of dike - 253.6
(2) Maximum pool - design surcharge - unknown
3) Full flood control pool -~ not applicable
3
o ° ° ° ° [ ° ° ° ° ° .
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(4) Recreation pool - 250
(5) Spillway crest - not applicable
(6) Upstream portal invert diversion tunnel - none

(7) Streambed at centerline of dike - 244.4 (downstream
toe measured at time of inspection)

(8) Maximum tailwater - unknown

d. Reservoir (miles)

(1) Length of maximum pool - 3.0

(2) Length of recreation pool - 3.0

(3) Length of flood control pool - not applicable

e. Storage (acre-feet)

(1) Recreation pool - 11,500

(2) Flood control pool - not applicable

(3) Design surcharge - unknown

(4) Top of dike - 11,700 (storage based on Dolloff Dam)

f. Reservoir Surface (acres)

(1) Top of dike - 1015

(2) Maximum pool - 975 (based on Dolloff Dam)

(3) Flood control pool - not applicable

(4) Recreation pool - 903

(5) Spillway crest - not applicable

g. Dike

(1) Type - earthen embankment with its upstream face
partially covered with round boulders, and a dry masonry

downstream face; both faces being nearly vertical.

(2) Length - 270' (measured)
- 350' (from past inspection records)

i fiemefis it L. N L T W, ) L R VAL D T U P . e S A P

Labal i AL e AR SN Bl ek g e S s T i e - Mk i B et Al i fag Gadl e NI pa s o

L B
[ A

.

]
- S—

. o
) .‘, LN j
A
R
1.---1 .
R '_Ti
RN
L
— 1 -
— oS

@
—y
. 4
R 4
[ B I 3

e [

Dalatada




PROJECT Gove Dike, New Hampshire

PERIODIC INSPECTION CHECK LILST

PROJECT FEATURE Dike Embankment

DISCIPLINE

DATE May 31, 1978

NAME

NAME

AREA EVALUATED

CONDITION

Crest Elevation

Current Pool Elevation

Maximum Impoundment to Date
Surface Cracks

Pavement Condition

Movemerit or Settlement of Crest
Lateral Movement

Vertical Alignment

Horizontal Alignment

Condition at Abutment and at Concrete
Structures

Indications of Movement of Structural
Items on Slopes

Trespassing on Slopes

Sloughing or Erosion of Slopes or
Abutments

Rock Slope Protection - Riprap
Failures

Unusual Movement or Cracking at or
near Toes

Unususa) Embankment or Downstream
Seepage
Piping or Bolls

Foundation Drainage Fecatures
Joe Drains

mstrumeniat.on oystem

253.6 ft. MSL
250.1 ft. MSL

Unknown

None

Not paved

None

Minor bulging of dry masonry wall

on downstream side of dam
Good

-

~—

Good (See "Lateral Movement", abovse

Good

None

Some bulldozing on downstream side
of west abutment
None

None

None

Two small seepages near toe of dam,
one close to west abutment and one
near center of dam

None

None known

None known

None known

A-2
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PROJECT __Gove Dike, New Hampshire

VISUAL INSPECTION CHECKLIST
™ PARTY ORGANIZATION

DATE_ May 30, 1978

TIME _ 2.00 P.M

WEATHER_Supny, hot

W.S. ELEV, 250 U.S._ 944DN.S.

PARTY: (ground surface below dike)
l. Warren Guinan 6.
2. Robert Langen 7.
3. Stephen Gilman 8.
4, Ronald Hirschfeld 9.
5. 10. .
PROJECT FEATURE INSPECTED BY REMARKS e e
N 1. Hydraulics/Hydrology R. Langen
2. Structural Stability S. Gilman
3. Soils and Geology R. Hirschfeld -
L, :
:. :
;. ~
7. 2
8.
9. “‘
10,
|
(- _ e
AT COMTY TTLY o
¢ 6 ¢ o o o o e e e o s o e o ~
.. L e T T
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(3) The NHWRB should develop a written operational
procedure to follow in the event of flood flow conditions
of imminent dike failure that could include round-the-clock
surveillance and a warning system. The warning system
should be included also in the written procedures of
"Project Linkup", a disaster plan involving Civil Defense
(as coordinator), state agencies, and town officials.
"Project Linkup", at this time, is in draft form awaiting
the Governor's approval.

.
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7.3 b. below should be implemented by the owner within one
year.

d. Need for Additional Investigation. The information
available from the visual inspection indicates that the
problems are overtopping and seepage. These problems require
the attention of a competent engineer to design or specify
remedial measures to rectify the problems. If left unattended,
the problems could lead to instability of the structure.

7.2 Recommendations

a. Facilities. The New Hampshire Water Resources
Board should accomplish the remedial measures resulting
from the following:

(1) Evaluate further the potential for overtopping
and the inadequacy of the spillways for the total impound-
ment system of Pawtuckaway Pond.

(2) Design or specify the remedial measures needed
to eliminate or control the seepage along the downstream toe.

(3) Design the correctional measures for the bulge in
the downstream dry-masonry wall.

(4) Remove small trees and brush.

(5) Consider measures required to shape the shoulders
and pave the road to eliminate possible erosional problems.

7.3 Remedial Measures

a. Alternatives. The NHWRB should consider as alter-
natives, pending i1mplementation and results of the above
recommendations, (see also Dolloff Dam Report) the following:

(1) Purchase downstream land that would be adversely
impacted by failure of Gove Dike and restrict human occupancy.

(2) Enhance the stability of Gove Dike to permit over-
topping by the test flood without failure.

b. Operation and Maintenance Procedures.

(1) The seepage at the downstream toe should be
monitored on a weekly basis.

(2) The tree and brush growth on the dike and downstream
for at least 20 feet should be removed and kept free in the
future.

14
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SECTION 7
ASSESSMENT, RECOMMENDATIONS & REMEDIAL MEASURES

7.1 Dam Assessment

a. Condition. The visual inspection indicates that
Gove Dike is 1in fair condition. The major concerns affect-
ing the overall long-term integrity of the dike are as
follows:

(1) The overtopping potential.
(2) The seepage at the downstream toe.

(3) The bulge in the downstream vertical dry masonry
wall.

{(4) The brush and trees growing on either side of the
unpaved roadway.

(5) The possibility of erosion of the unpaved roadway
caused by surface runoff from the approach and egress roadways
at either end of the dike.

(6) The possibility of erosion of the unpaved roadway
if the dike is overtopped.

Because Gove Dike is an integral part of the Pawtuckaway Pond
impoundment system that includes Drown's and Dolloff Dams, its
relationship to the test flood required hydrologic and hydraulic
analyses of all three structures. Under conditions of the test
flood all structures are overtopped. The spillway capacity of
the combined system is considered inadequate.

Assuming that Drown's and Dolloff Dams do not fail, Gove Dike
would be overtopped by 2.9 feet under conditions of the test
flood. This depth of overtopping takes into consideration
the fact that Gove Dike is about one foot higher than the
emergency spillway at Drown's Dam and the low ground adjacent
to the left abutment at Dolloff Dam. Gove Dike, however, has
stood the test of time - at least 136 years.

b. Adequacy of Information. The information available
is such that the assessment of the safety of the dike must
be based on the visual inspection.

c. Urgency. The recommendations enumerated in 7.2
below should be implemented by the owner, NHWRB, within two
years. The operation and maintenance measures enumerated in

13
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SECTION 6
STRUCTURAL STABILITY

6.1 Evaluation of Structural Stability

a. Visual Observations. Visual observations indicated
three potential structural problems: (1) seepage downstream
of the toe of the dike, (2) localized bulging of the nearly
vertical dry masonry wall which comprises the downstream
face of the dike, and (3) trees and brush growing on the
dike. (See Section 3.1 b.)

b. Design and Construction Data. No design and
construction data are available except the sketch contained
in a 1918 condition report that was copied from an 1889
document. Apparently the dike was built during the period
between 1839 and 1842 and has remained intact for at least
136 years. (See Appendix B.)

c. Operating Records. No operating records pertaining
to the structural stability were disclosed.

d. Post-Construction Changes. Some fill has apparently
been placed against the downstream face at the right abutment
up to approximately the level of the crest roadway. Also,
nume ous large boulders (4 to 5 feet in size) have apparently
been dumped immediately downstream of the downstream dry
masonry wall near both ends of the dike. Neither of these
changes would have any adverse impact on the structural
stability of the dike.

e. Seismic Stability. This dike is in Seismic Zone 2
and hence does not have to be evaluated for seismic stability
according to the OCE Recommended Guidelines.

12
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d. Overtopping Potential. Gove Dike in conjunction
with Dolloff and Drown's Dams, is unable to store to test
flood without overtopping. The water depth over the lowest
point of the crest of the dike was calculated to be 2.9
feet.

.
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SECTION 5
HYDROLOGY AND HYDRAULIC ANALYSIS

5.1 Evaluation of Features

a. Design Data. No original hydrologic and hydraulic
design data (1839-1842) were found for the structures
impounding Pawtuckaway Pond. Hydrologic and hydraulic
information, however, dating from the ownership by the
Lamprey River Improvement Company of the dikes and dams
to the present ownership by the New Hampshire Water
Resources Board were found and assessed to determine their
acceptability in evaluating the overtopping potential of
Gove Dike.

Gove Dike is classified as being intermediate in size
having a maximum storage of 11,700 acre-feet.

To determine the hazard classification for Gove Dike, the
impact of failure of the dike at maximum pool was assessed
using Guidance for Estimating Downstream Dam Failure Hydro-
graphs issued by the Corps of Engineers. The analysis
covered the reach extending from the dike to the village
of West Epping, a distance of about 3 miles. Failure of
Gove Dike at maximum pool would probably result in an
increase in stage of 6.6 feet at West Epping. An increase
in water depth of this magnitude would probably result in
the loss of less than 10 lives, sever State Route 156, and
damage some agricultural lands.

As a result of the analysis described above, Gove Dike was
classified - Significant Hazard. Using OCE Recommended
Guidelines for Safety Inspection of Dams, the recommended
spillway test flood is the Probable Maximum Flood. The

test flood discharge for Pawtuckaway Pond, having a drainage
area of 20.66 square miles, was determined to be 11,200 cfs.

b. Experience Data. No information regarding past
overtopping of the structure was found.

c. Visual Observations. No visual evidence was found
of damage to the structure caused by overtopping at the
time of the inspection. At least one house on the reser-
voir's east bank near the dike has its first floor at or
below the crest of the dike.
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SECTION 4 PR,
OPERATIONAL PROCEDURES :

4.1 Procedures

The NHWRB has operated Pawtuckaway Pond since 1955. Gove “"“f.‘
Dike has no outlet facilities. The level of the impound- e
ment is controlled by discharge through Dolloff and Drown's AU

Dams. The water level during the recreational season is
maintained reasonably constant (250 feet MSL). In the fall,
the level is drawn down, allowing abutters to make improve-
ments to their shoreline and providing some storage for
spring runoff.

4.2 Maintenance of Dike

The NHWRB is responsible for the maintenance of Gove Dike.

4.3 Maintenance of Operating Facilities

Gove Dike has no outlet facilities.

4.4 Description of Any Warning System in Effect R
No written warning system was disclosed for Gove Dike.
4.5 Evaluation

The operation and maintenance procedures for Gove Dike,
consisting of a weekly program of inspection, should insure
that all problems encountered can be remedied within a
reasonable period of time. The NHWRB should also establish
a warning system to follow in event of any emergencies.
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of these cottages may be susceptable to flooding. No
evidence of any buildup of sedimentation is visible,
(See Appendix C - Figure 5.)

e. Downstream Channel. Because the structure has
no outlet, no defined downstream channel exists. The
valley downstream of the dike is wooded, and drains into
an unnamed tributary to the Pawtuckaway River. The valley
has been cleared of trees for a distance of about 20 feet
immediately downstream of the dike. (See Appendix C -
Figure 6.)

3.2 Evaluation

The observed condition of the dike is fair. The potential
problems observed during the visual inspection are listed

as follows:

(a) Two seepages at the downstream toe of the dike.
(b) Bulge in the downstream dry masonry wall.
(c} Brush and trees on both faces.

(d) Crest of dike, being an unpaved road, could be
subject to erosion.
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SECTION 3
VISUAL INSPECTION

3.1 Findings

a. General. The dike is a low embankment on
Pawtuckaway Pond and has no spillway or outlet structures.
Drown's Dam and Dolloff Dam are the controlling structures
for this pond. Numerous cottages and summer homes are
sited around the southeastern portion of the reservoir.

b. Dike. The dike consists of an earth embankment
approximately 270 feet long, 9 feet high, and 20 feet wide
at the crest. (See Appendix C - Figures 2 and 3.) The
upstream side is partially faced with a nearly vertical
wall of rounded boulders and the downstream face consists
of a vertical dry masonry wall. Boulders comprising both
walls range in size from 1 to 3 feet. The crest of the
dike was approximately 3.5 feet above the pond level at
the time of the inspection. The measured water depth on
the upstream side varies up to 5 feet deep. The crest of
the dike is an unpaved road, maintained year round (See
Appendix C - Figure 4.)

Approximately 100 feet from the left abutment, a bulge was
observed in the downstream dry masonry wall. The wall is
bulged approximately 6 inches at a height of 4 to 5 feet
above the ground level.

Numerous large boulders (4 to 5 feet in size) have apparently
been dumped immediately downstream of the dike, near both
ends. Two l2-inch trees have recently been cut at the

west end of the dike near the downstream toe.

Two seepages were observed. One is estimated at .02 cfs
(10 gpm) about 15 feet downstream of the wall near the
center of the valley. The second, near the right abutment,
has a barely visible flow. Discharge water from both
seepages is clear. Standing water is visible approximately
20 feet downstream of the downstream face near the right
abutment. Some fill has apparently been placed against

the downstream face at the right abutment and filled to
approximately the height of the roadway.

c. Appurtenant Structures. Not applicable

d. Reservoir Area. The reservoir slopes along the
shoreline are gentle and generally covered with trees and
brush. Cottages are scattered around the perimeter. Some
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SECTION 2
ENGINEERING DATA

2.1 Design

No original design data were disclosed for Gove Dike.

2.2 Construction

A report prepared by H. F. Dunham for the Lamprey River iglﬁ

Improvement Company, dated December 5, 1918 was the earliest =
investigation found. Dunham's report contains a sketch of ST
a cross section copied from a report by W. M. Oliver, C. E. S
to Newmarket Manufacturing Co., dated 1889. (See Appendix Lo
B.) ..'., 3
2.3 Operation Eﬁ~i

No engineering operational data were disclosed.

2.4 Evaluation

a. Availability. Very little engineering data were )
disclosed for Gove Dike. A search of the files of the T
NHWRB revealed only a limited amount of recorded information. L

b. Adequacy. Because of the limited amount of RAAS
detailed data available, the final assessments and recommen- Lo
dations of this investigation are based on visual inspection

and hydrologic and hydraulic calculations.

c. Validity. The visual inspection is generally
consistent with the 1889 sketch for the exposed portions
of the dike.
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(3) Height =~ 11' (structural height)

(4) Top width - approximately 20

e 7. %

[T

(5) Side slopes - nearly vertical

L A St MRy o, g

(6) 2oning - unknown

(7) Impervious Core - unknown
55} (8) Cutoff - unknown

) (9) Grout curtain - unknown

- h. Diversion and Regulating Tunnel - not applicable

i. Spillway - none
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PROJECT Gove Dike, New Hampshire DATE May 30, 1978

PROJECT FEATURE Reservoir NAME R. lLangen L
Pawtuckaway Pond
AREA EVALUATED REMARKS

Stability of Shoreline
Sedimentation

Changes in Watershed
Runoff Potential

Upstream Hazards

Downstream Hazards

Alert Facilities

Good
Minor

Minor

Several homes along eastern shore
Most are at least 6' above lake.
State Highway 156, nearest villaq
is West Epping about 3 miles
downstream.

None

Hydrometeorological Gages None T
Operational & Maintenance None .i}f
Regulations - T
’
° _
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i
TOWN . o TOWN STATE |
NOTTINGHAM NO. NO. 1€4.03 i
nveEn - ' C oveE !
STREAM Favtuckaway Pond (Dike) . -+ = D\ KE_
DRAINAGE __ POND
oaa 20.66 Sq. Mi. | "% 524.2 Acres
DAM | FOUNDATION  _
ryre Gravity NATURE OF rarth - -

MATERIALS OF

consTaucTion BOUlders, Carth

POWER—CONSERVATION=DOMESTIC—AECREATION~TRANSPORTATION—PUBLIC UTILITY ~ - -
T ———————— . .

PURPOSE
OF DAM
HEIGHTS, TOP OF . l TOP OF DAM TO e -
DAM TO BED OF STREAM 8 SPILLWAY CRESTS . N d
- SPILL ¥VAYS. LENGTHS 3 . -
et None LENGTHcQY . A !
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FLASHBOARDS S R ; -
TYPE. HEIGHT ABOVE CRESY v = a
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T KINDS & WP - - N
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. P . !
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¢ - . o |
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/ RECEIVED INVESTIGATED BY DATE ,
»
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} RECELIVED CHECKED BY .. DATE ,
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APPROVED BY COMMISSION COMMISSION CONSTRUCTION INSPECTOR .
FINAL CONSTRUCTION APPROVAL CHARGES PAID . I
'S DAM SUBJECT TO PERIODIC INSPECTION? - .
les - . . I
DAM INSPECTION RECORD '
Dare ImarecYON memcar cuanets raIO oare INsPECTON agronr - Crances e
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PUBLIC SERVICE COMMISSION OF NEW
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CONSTRUCTION

Soulders, Eartk ..

. PURPOSE -
OF DaM

POWER—CONSERVATION=~DOMESTIC—RECREATION=TAANSPOARTATION=PUBLIC UTILITY

HEIGHTS. TOP OF gt i | TOP OF DAN YO . ...

Daw TO-BID OF STREAM - SPILLWAY CACSTS

SPILLWAYS. LENGTHS “’9 e LENGTH™ . .,50'

DEFTHS BELOW TOP OF DAM -ion ) OF DAM v

FLASHBOARDS

TYPE HMEZIGHT ABOVE CREST
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—
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. NEW HAMPSHIRE WATER CONTROL COMMISSION
- DATA ON DAMS IN NEW HAMPSHIRE ~ V<= 7 T
- R -
B LLOCATION éo\l & (7\\&F STATE NO. .13:2208 e
': Town . A (Nothinaham): County KR (.SU\Q“""A)
. Stream 2w oo € Powtipckaman ) AR
Basin-Primary P53 : Secondary ‘:-"‘ bho A s “A:'_-A»'i :":J
Local Name . - B
Coordinates—Lat. SRR 00) 2 LONG. il b e i ) o
= GENERAL DATA I ———
! Drainage area: Controlled .................... Sq. Mi.: Uncontrolled ..o Sq. Mi.: Total...z 233, Sq. Mi. - -8 b
. Overall length of dam ....2Z0......ft.: Date of Construction - T .
_‘. Height: Stream bed to hxghest elev....... 8 ..... weft.: Max, Structure 8 ft. . N '." .'.
- Cost—Dam : Reservoir o f:'.? :
i DESCRIPTION o= ity Jouldews s 2 =tk Fouadntien e oot -
l Waste Gates (Gro.v Ty Bouiders amd eontt ‘F'ouméq-hm va\“k) —- . Y
Type —— costasmesuanass st " S . - 1
Number ......... : Size ft. high x 1. wide L]
Elevation Invert — : TOLAl ATEB worrrrromersrenreees s3q. ft. i f]
Hoist - TR mm ]
e Waste Gates Conduit . - .1
Number : Materials ST ot it = “"“‘:
SIZe errerirsnrnriirnssneaenns ft.: Length ft.: Area - sq. ft R
Em';.a::ment L (E o *e\) 7 : i ~ . R
! Height—Max. ft.: Min, ft. .
Top—Width : Elev.. ft. --
) Slopes—Upstream on : Downstream - on
- Length—Right of Spillway : Left of ‘Spi)l\yay .
o Spillway nens . D
< Materials of Construction
E Length—Total ft.: Net ft..
' Height of permanent section—MaxX. .....cconcinens ft.: Min. ft. -
Flashboards—Type : Height Tt
Elevation—Permanent Crest : Top of Flashboard - e
Flood Capacity cfs.: cfs/sq. mi. — - . “‘.:"
o Abutments - - — e e B R ) »
Materials: .. SRR 3
Freeboard : Max. .. ft.: Min. ft. ::f- i i 3
Headworks to Power Devel.—(See “Data on Power Development”) Ay ;' -j
OWNER o e ptis 00N T mroranaat. Do Al e T - .- ' .
® . REMARKS Camddtieg fogr ( Cond Tien ﬁ‘—a.w3 o = .:
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Tabulation By - Date L0 B - - : "':i:'.-
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Town No.. Jeer oo v TOWHL 0L LN IZd0 SRR UR Y VOO
GevE DIk . . .
D | 12U | IR o D SRR | O LSO ( ............ .

OWDCL_..coeccenreervewenen. LSBT Y Rive r. Inprevemert.  COmpany .
River or Stream....eeee.e. rovtuckawad. PORA i
Public Utility......... Yoo Drainage arett . 18... e 5. i,

Wheel Capacity IL Poooon § PP AL LY e .
l 90% time

Type of Construction........eee. St 0nE-
Heighto..oonae 16,..12.........ft. Operating llcad... 5t ofage ............................... ft.

Lengtil20Q,....3201t. Spillway Length (No. 1)..50. e ft. (No. 2) oo ft.

Would Failure of Dam do IIarm?t Yes..

Present Condition.....GOOG st e Date.......} G22

™m




T . TP ——— TR T pe———

PAWTUCRAWAY AND MENDUM PONDS

RYPORT FFOM H, F. DUNHAM
to
D. A, BELDEH, PRSSIDENT

LAPREY RIVER ILPROVZENT COLPANY

December 5, 1918
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M, F.DUNRKRAM
SIRCEE BUILEINE
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. ABSNiCan Warer WesEs ALSOCIaTia

December 5, 1918.
Mr. D. A. Belden, Prosident,

Lemrrey River Improvement Compeny, RIS
Haverhill, Kaess. - *3;5f g

Dear Sir:- l : i;;ﬁ;f}h
Agreeably to your request, I huve made a study of ;;;;;¥;;
conditions pertaining to the two artificial reservoirs owned iﬁfﬂF}"
by your compery, known es Pawtuckawey Lske and Mendum Pond, S

both of which &re in the towns of Nottinghem and Barrington,

New Eesmpshire. I heve kept in view your desire to be informed » h.-JFq

concerning the type of comstruction and present condition of ,';:L'»;~
the various dams, spillways and controlling aprerstus, and o 3
particularly as to any defects ﬁhich should be remedied in the
interest of public safety to life and property. -

l. The reservoirs afe within the d}ainage area
tributary to the Lamprey River t;ﬁ to fifteen miles westerly
from Newnmsrket, N. H. The area tributary to eech reseerir is
not definitely known but has been estimated at about six squere
miles for the llendum Reservoir and twenty square miles for the
Pawtuckaway. Nore exect determination would have been made but
for the fect that the U. S. Geological Survey ie now plotting
the notes of a quasdrengle covering the reservoirs and their
dreinage dietricts. Both of the reservoirs are formed by dams
built et the outlets of these small lskes and at overflow points
where the higher elevation of water would cause a discharge into
"a depreesion or ravine at a distant point. There are three dems

at Pewtuckeway as attached map shows, known locally as "Dollof
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Dam®™, "Drown's Dam", and the "Gove Dam" indicated on the map
respectively as Dams No. 1, 2 and 3. At Mendum's Pond thera
is but ope dmm, locsted st the main outlet end lying partly
in the tcvm of Barrington end pertly in the town of Nottinghem,
hereinsfter referred to as the"Mendum Dsm". The dems were
deasigned and built very nearly as they are at tre present time
in or between the years 1839 and 1842,

Type of Dams. ‘

2. In & comprehensive work on "Reeervoirs for Irri-
gation Yeter Power and Weter Supply", published in 1900, NMr.
Jemes D. Schuyler, M. Am, Soc, C. E., devotes some seventy-
five pages to rock—fill dams. His discussion in part follows:

"Rock-fill dems may be said'to have originated forty
or fift7 years ego in the mining districts of Celi-
fornia.......in difficult and slmost Inaccessidble
locetions.es.ce.2nd were considered to be of a tem—
rorary neture......ihey begsn with timter or leg cribs
filled with loose stone. Their next stege wes an
enbenkment of loose stone, a portion of which was
1a2id up es a dry wall with a fecing of two or more
thicknesses of plank to secure weter tightness. The
lgtter type hes proven So servicesble that it 18 etill
rezsrdedas one of the most desiradble clasees af dem
thet cen be built where economy ieg of prime importsnce."™
Then followe gr outline description of six types of rock-
i1l dems--including thess two. -

"2, Rock~f111l dems with a central core of steel platen
exd without hanc-leid fecing wells.™

"4, Reck~f111 dems with fecing of masonry dbuilt ver-
ticslly btwcked with earth and covered on the lower side
with blocka of stone laid in mortar.”
How gll of these reservoir dems under ronsideration on the
Lamprey water shed are rock~fill dams and not only were they

cuilt long before the mining days in California but they

A __.
.
Y
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poesess permanent features, in the broed puddled clay-and-
gravel cores and heevy retalning wsellse, superior to any of
those described by Mr. Schuyler. MNore information about the

| design, the designer and the degree of originality {n the
conetruction of these dams would be very interesting. It
is quite possitle that the "type" had its origzin in those
structures. The dame have caused some anxiety at different
dates and changes have been recommended and some have been
mede at dates that show the existance of faulty work elsewhere
rather than in the dems themselves. Soon after the Mill river
disester in Keseachusetts, in 1874, and egain after the Johns-
town flood in 1889, studies were made and the cofe valls in
gome places reinforced. 1In the‘%riter's opinion there has not

been & moment since the dems were built that they were unsafe--

except from overtopping in some deluge toc severe for the crill-

ways to accomodate. It is of eye witness record that the water

hes been within en estimated "two feet" of the top of the Mendum

o
dem and send bags have been used on the Pawtuckeway dem No 1 on S
the water fece well to divert the flood to the spillway. Thise ;lﬁ.w
should not have been necessary. R
i ®
Pawtuckewey -~ Dams No. 1, 2 and 3, T
3. The dems leak a little. It may be said that all ~ i
core well dems do leak. Personal observations for more than ;;L
two years, end at many different stages of water in the Pawtuck- ) o
avwsy reservoir heve been recorded, and the leaks in the main ) lﬁj
Dam (No. 1) meesured in a channel constructed for that purpose. - ;ﬁfkﬁ
The main end waste gates do not close perfectly, dut well enough EPRE
) ®
for all reservoir purposes. Some water escapes at the gates-- :
&~ -3- {
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Nendum's.

At the lendum reservoir there is less need to meke changes.
The bottom of the present spillway should be brought to a uniforn
lovel end ell growth of small trees and obstacles of all descrip-
tions, driftwood, old stumps, etc. should be removed and the entire
space kept cleer. One further recommendation needs attention at
your convenience. The upstream wall at Nendum's is of very large
rough stone, boulders for the most part, and st two or three places
these heve cracked under the pressure which has been concentreted

at verious points by the removal, through frost action in nesrly a

bundred years, of many of the smaller stones used in construction

to level up and give added bearing surface. Lest month many restbra-
tions to early conditions were mude by replacement without nortar, . )
but with much work and cereful attention to strengthening the wall,

There are however three places where steel tie-rods should be intro- 2"5:Z£ii
duced at & devth of about eight feet from the surface to check
further outward movement at points where the overhang or bulging
erount fo 12 or 14 1inches. The tie-rods should be not less than

2% inches in diameter with upset ends and provided with washers or

crabs 3 or 4 feet in diameter. The location of the rods and a
section is shown in Fig. 2 va the last sheet attached to this report. i.:ffﬁ5ﬁ

The rods should be free from rust bedded and packed in fine gravel

concrete in proportions 1, 2, 3. Very little need be used. The
exposed parts should be reinted. Then with genersl supervision and SRR
economic control the reservoirs should continue for a lorng time to if:Siiii

give good service without causing you any anxiety or dicquiet. ;fl

Yours truly, ; o
H.ED/R. SA e
E. . (el A s
/ . -7~ N
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with stems of wood and ratchet connections. These gates ere
evidently of later construction and are backed up by brick work
apd tvo or three braces of wood extending to the solid ledge
below the dam where the ends are bolted down. It would be simple
and good construction to sprirg a brick arch between the vertical
etone walls to hold the gate frames in plece. It is within reason
to think that the brick work and braces were placed asthey hfe

go tbat under certain pressures due to flood comnditions, and
perbeps with a little help, the whole construction, brick work,
gates and ticbers would be swept out of the way, much increasing °
spillway capacity. But whether that inference be correct or not,
there cen beano spparent harm in leaving the structure in its .
present condition or in replacing the wood braces when that
becomes necessary.

At the Drown Dam (Ho.2) there are stop planks retained
by timber braces more or less decayed. Renewzsls should be made
as time may require. But all of the Pawtuckaway spillways real
and imaginery, taken together, are insufficient for a drainage
area of twenty {20) square miles. This can be shown conclusive-
iy by precipitetion records personally witnessed where the annual
totals are below those of southern New Hampshire. To provide
more ample spillway capacity the Gove Dam (No;S) should be lowered
or reduced in elevation ;bout three feet over a length of two
hundred énd fifty feet in two sections of one hundred and twenty-
five feet each as showh in Fig. 1 in the lsst sheet hereto at-
tached. This will afford in sddition to the other spillways.a
free flow for a greet volune of water whenever the n- . 'sity

arises, Thzt may not be once in e century.
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Their records' were virtually barometer readings.)
Gate Repairs, o _

4, The moin getes at the Mendum reservoir set in a wood L*:fig

- from had suffered from decay making it difficult to fix upon a

satisfactory estimate of leskage. Rocky creek-bed conditions

below the dam interposed further difficulties. But nothing serious ) ;
was observed., The gates and gate frames heve just been renevwed as E

2 you directed, necessary pointing in their vicinity attended to

- . and the reservoir is now filling. T

K — Report by Mr, W. M. Oliver, C. E. ' ‘!
. S5. In the year 1889 Lr., Oliver msde a very comprehen-

sive and voluuble report upon all of these dams'for the Newmarxet
. Mgnufaecturing Company, and this report with maps, sketches and

figures is now in your possession. The maps ard cross sections

ry
.’:‘ ."; .‘)‘. : . :

heve been checked up carefully and found to be surprisingly :ﬂ:ffff
accurete., This includes restored base-line measurements énd
¢

distsnces to faces of walls. Also deep excavations were made at

Mendum's to show that his cross sections were reliedble. The more

essential sections have been copied freely and are shown in the

ink prints attached hereto with well deserved credit to Ur.

’

Oliver in each case.
Recommendations.

6. At Pawtuckaway Dam No. 1 the mein gate is at the

[‘.7".'_‘, Vo
7 R

AR {
1

original level of the stream and is about twenty inches by fifty
inches (20" x 50"). It is raised by a wood stem with nut and

screw. The stem and timber support within the gate house should

I3

Ei be renewed at no distant date. Between this gate and the spillway iﬁ;u,!
? there are two waste gates eech three feet by three feet (3' x 3') R li
S . ~5- S
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some through the dam itself--but all that comes throuwgh the core

EE I

' .

wall is always perfectly clear, and a recent meesurement,-

fa
[

Rovember 18,- when the surface of the weter in the reservoir wes
two and eight tenths feet below the spillway,gives a good idea of
present conditions. The total volume discharged was four and
eight tenths second feet, of which it was estimated one half ;;;"Tw
leeked through the gates, or reached the stresm in the quarter L
of a mile between the dem and the measuring channel. The leskage
is nearly the same in volume from each helf of the dam as may bde A [
observed where it flows laterslly along the buttressed lower
slopes of the dan t; the main gateway, the sides of which are
walled up verticallé from the creek bed. The voiume discharged
is not large considering the extent of the core wall and the
pressure to which it is subjected. A recently examined earth and
core well dem, built over forty years ago in ancther St;te, could ) jjﬁf
well be cited here. The dam was more than a fourth of a mile o
long ond about thirty-five feet high. From the first there was
leakage. More materi=l wes added et the foot of the weter slope. " xng
Able engineers were called and accurate gaging kept for meny years | e

and recordeé in annual reports. Following one of these is the

comment, - T

"The only veriation in the discharge from the weirs appears ;f‘&z;Q
to be due to changes in the weather.” Lo e

1ne same statement would doubtless hold good at the Pawtuckaway - .i:j

and Nendum reservoirs were they accurately gaged. YThe eerly

water supply for London, Englend, was from springs that were care-
o fully geged as the demand increased. Then it wzs obrerved that ; ;; ;;:;

the discharge was greeter before than it was after a rain storm.
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! Figure 2 - Looking at the upstream face of the i
dike from the west bank of the |

it . reservoir. L
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_ Figure 3 - View taken from the west abutment B
N looking east at the downstream face. :;;.p
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Figure 4 - Looking west along the center of
the dike from the east abutment.
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o Figure 5 - View looking upstream at Pawtuck-
oo awav Pond from the center of the

dixe.
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Figure 6 - Looking at the downstream valley
from the top of the dike.
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HYDROLOGY/HYDRAULICS




Al M TREL Tl el e val SedLonil el e i ai ent talh hf Sl Aol i Sudie it Sl A E SRS EA A

T

"
-t
-
X
N
{

i it A S Suvi el Srul St s SANL atws aveh Rivt s st aOE

........

A=~ o

b t . R B _;7..... y 4
3 LRt DN e e I G
: [ NATIONAL PROGRAM OF INSPECTION OF ‘ |
§ PAWTUCKAWAY POND SCALE IN_MiLES

* GOVE DIKE I % O | 2 3

Y NOTTINGHAM, NEW HAMPSHIRE

- REGIONAL VICINITY MAP

; JULY 1978 MAP BASED ON USGS I5 MINUTE QUADRANGLE

: DEPARTMENT OF THE ARMY SHEET SUNCOOK. N.H. 1957 and

F NEW ENGLAND DIVISION, CORPS OF ENGINEERS M1, PAWTUCKAWAY, N.H. 1957

e WALTHAM, MASSACHUSE TTS

'\. ANDERSION NICHNILS B 7D 'NC CONCORD,NH

k.

. ,.
L
P AP\

l’ 'l
LAY S I I
L L L2

.......

® o o o o ] ] ® L ° ° ¢ o o ° LS
T K ’ " -~ . "
L'. \‘_._.’_\ -‘. ........ — ] P " N N Y RN PP, T T 4 |




:"l?::x X
R
9

- >

m INDROLOGY @{:\2 1| 7a )

-l

PAWTUCAWAY  LAKE

STEP | ¢ PROBAE MAX\MUHA ELCOD DETECMINATION CPHME

DE ! PRELMINMRY GUIDANCE Foe EsTIMATING N
MAUUM  PROBAGLE DISCHARGES N PHASE T RN
TAM SAFETY TRNVESTSATIONS NED — <o, ot ]
MARCH  1a78 TonE

Uoine FU € ColsTAL <WRIE  TO DETERMINE -
PME  PEAK ITNFRLOW : .

= 19.9 squave milee  CANG ST,
DA = 20,66 " Cwen ~ e

= \g,o0x " : ( PoE Sevuce Commiss o SRS
O = 2\ " W coE ) R
@ DA= Z20.6b sqww wiles S 1

h)

PME = 590 c.(-s/s-‘ wile

<90
PME = ﬁ__g‘ES ®x 20,0bb=1 wles

1@

' PMF= |Z,Z200 s (@?!> -

- ——




HYD(ZOLOG\\( 7,7
Frosyceaumy LR
FEP 2: X @p, = PMF = 12,200 <Cs
SURCHAMRQEE. HEIGHT O PASS Op,

RE: HYORAULIC aekup FOR EAZH THDIVIDUAL
STRUCYURE ; (€. RATING cuRvES

T™RIAL | — elev = 28.6
GOUE DIKE = O
Deownls pat = 823 <fL<
TouofF LM = 1096 <fbs
|11 <bs
™AL 2 — eclev = 20,0
GOVE DIKE = G6\7 s
Deownk oA = 1636
DOULOFF oAaM = 2243
» | 4490 <&
- )
_ A D — elev = 2.0
]
&8 aovE DIKE = (455
3 DrowNk DA = . 27877
g DOUOFE DAM = 3¥42
9
b BoB4 fs
E RALE - clev @ 322.0
L GOUE DIKE = 3382
N DeowNs DAM = S0L2
DOLLOFE OAMM = 6427
1A 0= ‘.

D-3




A R T ST i "R PRl Tt el e el e |

TP ey
f

n -y -
. L B ),
PN Cot
Lo , PR
B . e
" - e T -

b - \
€Y KYrrROLOGY
- v DAWTUCKRWAX  LKE

Ac THE PMF

clev = 3165

I ammna it SN 4

Sl N M SR N Vi M i v Gt St Sel apadh sl A e ar e o s o 0 e

348

7[7l78

@Q

FROM  THE ARIVE TRIMS A RATING CuRVE [For THE
Lok cml BE DRAWN, READING HE ELEvaATIoN

@ PMF = (2, 200cks

Sq96 <Cs
430
\ 27

12155 cfe

nonn
pON

GOUE ke
DOLLORF DAM
Drown's DAM

e

ROUND ELEVATION

ve o 3\, 7

\ﬁuce THS & LEss. AN PMFE

A
]
Lt
ooy
ot
I

SURCIHRGE HEIGHT

]

v v
e s
DR

VOLUME 0OF sSuxdpece HeElgHT

TNvENWORY — DAM

[

1}

= 3\:7 - 2.$,O

(ABOVE seruwrX)

HMAX NoeMAL—-

DolloCé Dawmm 14700 IR="eYes

Gowe lee

14700 (1500

. Drownk Oom \¢700 500

Nereos)  ake ‘Q,vo,( = 0z A @ elev 22.0

(sPrecwar)

el
|
L

Clevalim 240 (@49) = [482A @ clev 25+10= 35.0

s @ BDLT

|3700 AF

@ 25,0 |\ &0 AF

z e Cae-euey

o Sr, (SURCLHORGE) = 2200 AF

D4

RS e e e s e -
ol . N . -~
N R TS A R SRS LTI P L . R
d - Lot o N . N
la U N




L

(e

TV W .

<FIE, T DoagkosIa-

. BAB0D SR
TAN XYM

GHOINOD NO1SO8 NONY3A

STTOHOIN -NOSY3 ANV

ooeq/ ooot/ oozt

HyaQ ="0oca @
AYrMds 2 O°ST VEHON

.
.-
i

™

G

213

Hoyn

Q

D-5

4 NX

-
-
-

=

©

! .

. o

v L4

®,
-

[ )

..,.,.. m

RR

® )

o d

: 4

® B




A A 00 B ea mAe b eeLen s - Y -
Lol Sl A AR b M A N B el W YR W i aaf et i e W

T

P e Sk el i et ends gy - ) S

—
Ll

SAS

g {1 'Nv-'-—'f...wd
- . “ta ".

a
!

13
sor 37vOS 1v0ol \ o \

ok Bamws| 1! wie] NS il g ol [L Ay NI 25v3as

(=lo/oy g

Oool\

Nouwyr=anz aoNaas
S AV

QY¥OINOD NO1S08 NONY¥3A

STTOHOIN-NOSY3 ANV

ooog) ool =z o)

Wya =307Moa @ . )

Iymids = 0's2 1 3I0N ’
. . . - %23
I o . 4 o

;e b

r 3
:
. :
. 2
(3K ;
o
; .\.h
@ ]
“d
’ L

L ;
R
_ 3
@ e
SN
| ”
._. ]
L 7
®: ... ' ‘A
' ~.... .n

1

L




P Sl A "R el i "R S A e S

ot s
HYproLoey '
FAurucethuiny  (AKE : 7 / 1of 8

. 2
I ™o

2200 AF «
’ ZO:G@ VY)LZ é4~0 A

= 0. 17 &

L]

OUT & = 2 wches 4 ruNoF ouer RASIN ﬁ__‘

<. DETERMiNpTiON OF Ppy N

“ . . KN ) :
PrT @ (- TR) E
, | T SR
= R2oock x (I~ Hq )
(2200 <fs x O.89%

\

(0916 cfs

: o,
.............
......

R RN S R T I Y P



R RUACRE et Sk bt A Vet Samh Al S gl AagCUM Rt R EC A 51 B s el il il - g a Ak ARSI S A

748
RO | 7/10l78
RUCKRUAY  LAKE o
EP 3 sura.cw»eai—:- HEIGHT 0 Pfes Do,

Gp, = 106 s |

FROM BACMNG CURVE 3 Slev = 31.406 .

SURCHRGE WEIGHY = 21,4b- 22,0 = 6 .40

=
FROM SORRGE - ELEVATION cURyZ _
SR @ .40 = |50 AF
R @ 2g,0 = ISOO . AF
Ve V0L OF SURCHRARGE = 2000 AF
| 2
\ me
2000 AF x — -

O, 151 o = \.B82 wdes ouen AN

%

b, AVERAGE SURcWARGE 4 PEAIL OUTELOW (@pg)

n 2 |%{— (940A .
1,47 %X 20,66 mi* % S X T T 2004 AF

2094AF + 1SOOAF = |3594 AF




HYproLoGY
PAWTUCKAWAY LAKE-.

FRoM SOR-EEy CWRVE ¢

@ 12594 AE > eleu - 3.5

FeoM RwINGg curse :

3.5 = 1206 cC-s @Ps

cHeqe 9 V5 pepe CUTELOW

Y2 PEAK. OUTELowE 600 cls

o éAnﬁG Q)(ave

S600 e - 50‘4-1' o

......




..... . AR AVE AL B MAnd Sl R St et Satv. R ant ga it

' : 34l1- 12
GO\IC D\L’e
QF:‘—W’\“ luvve COVVQPS

@= PARTE L 25.0 = sewlwer ®
C= 217 3

PoLorE DAM

Q@ 286 P=0

@ 2.8.8 H'—O'Z’
L= 78" = L= 29’

@z aLu* y

227 (Do)

= 9,4 <C¢ : Q.41
@ 238.9

H: o3’ OVER WEIR

® H‘ OI-SI
L=1%0' => L= 657
(P= CLH:
=2.7(6s) 03 -
@ H=0.1/
L= 56! = =28/
@ = CLHY2
= 2.7 (29)(0.\)3/7- =

28.8 s

2.4 <Cs

1.2 ¢cbs B2
@ 2%.0 H= 0.4/

OVER. WER,

H -
L= 245’
Q= oL+
= 2.7 (24;)(0.\)%
-~ 20.9 <&

ANeC oy it

\adlcd eV I

it =5 20.Q121.9 - ~—n
D-10




LA (uiC SR A At M SO Al Sl i i A e i A S JRRde G U g (. B LARGCAMEE Sl -t Arad

29,3 W= 0.7 over waEIR

Q@ H=0.41

L= 2757

p=cLH?2
S =(2.7)(275) (0.4)¥2
- = 187.8 <L

2. @ 29,6 H=z |.O/ ocwer war

; @ W= 0.3’
A i L= 327"
' ®= CLu 2
=2, 7(327)(0.37
= (45,1 &5

ADD © THs wHE PRevious SRINC 1451y 219,0 =5 3A. |
1. @ 20,0 += 1.4 over wer

@ H- 0.4’
L= 370;/
Q= aLn¥2
=2,7(270)( 0.433'/z
= 252,77

ST D gae G s gen o
- oy
s PR -
I

-

e
”~

ADD < IS wWE PREVIOUS YRIRL  2S2,7+2%64.\ = Gles
3 @ 3204 Hz 18" over welr

. o= (2.7)(417)(0.4)’/‘ + Glb.® = 9OLG s

T TV
O
i e e

P AD W YHIS TRIAL 2 (87.8 + 2.2 = 2\3.o

. et

. @

— o
ST
L -
.
«




@ 3,0

@ 22,0 H= 3,4/ ouera:“wE\E}

@ 2065

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

H= 2.4' oyep WE R

@=@ M4 (0.6)¥24 o1, = 14 5SS <6y

=

@=(Q7)C4%4) (1LY 4 qo ¢ = 23824 cts
H= 305" over wee

@3RN (443)( 1,

-—

- F - o ‘
25D "4 qol.¢ = 2596 <

-

__________

........

O




o d
ey
RS

i

K jsalh Sodd

Sata

9
NS

<2 Nl SZ92WPSIdA

0
- : 71 o
|20 B ARG B

oo coa\ oozl 8 oo _ e
2 AN — 33N SNLY A ik 4
3A\a BNOS

o_xoozou NO1S08 NON¥3A

.'..- .n. "‘ - ~
R S « e e e
. - - = - - . -
P IR JRE W VAL W L V. P, AT

+

| STOHOIN-NOSY3 ANV _ g | b7 m.._w.m._...”..

00%. o0l o2 covz ./ . = ,..w...... .._.”

!
!

Laek shil gl A el Bt el on fiall bt sl el vn kool ol Paiunnlan by Lral vl /e LAk el Snll Aal mplaS
D
. Ta "

3 R

3 AN

O ™ 2 ‘
. 2~ N
3 ozl _ a SN
f wwa =30med @ Z o
] w ApmmMies, 2 ©'SZ 130N ..=_” 5
| | [

Dl

Sl et aar s e N ol it

o i

-~
TR WP I T B )




A A DRt At

AN

~

At AR A G0 Ate S e Al St Sie s 4 "Siia *A el N i Salilels. ani el Sl At defi)

- ”
.O-Z?WM.NIL—‘.NL .n_v_navn’oq. I?s..w.ﬂcdm &NL&NP

1vQ

| AJYd - A2 bNLLYY
Idla 3IANoOD

(sa>> 2=-YHBEIA
ob g coz

QYOOINOD NO1S08 NONH3A

STOHDIN-NOSY3 ANV

v

fdo ..uugoﬂ-.., .
@ MWMMUds = O°s2. sauey |

[
L, .
o
v
L]
A
' J
[ .
-
Rt
. LEEN
- 1 -
P
o
1
-
y
[
-

T T T

S

00¢

133 NT NoOLwARTS

........

)

D-14

N et
St
AW AR W el

4

<
Y

ety

ST e
I N W O Th, W WL




PAUOTU AW N LAYE :.’.:{'.;__;.
GoveE Dike \«

> gl (Te i
Dowrietre 4 HARAPO V=@,

ASSUME  FAILURE. AT FULL Pool <ONDITIONS, ]
FuLL PBooL I1s DEFINED  AS  MAX|IMUM POOL ISR
MAX POoOL = 252,77 MsC

PEAY FALURE OviFtow oM geepcH ¢ . T

P = (El27) WL | 3‘“ d}/z

W), = BrEAEH WIDTH ) 01
) = PooL LEVEL —= RIWUER BED s

ASCUMING  OTHER. SIRUCTURES oD s
PEEMr  WIDTH = S0’

ReEAZH |

Moo ey
- i .0 T < Tl
Bres .- .

= 1800 <f=

MO oTER TInNFRow TNTO REACH omee I

—y Ty
L PP R

THAN  THAT  FROM  BREAZH L
i L. ®
i FROM DS HAeARD REARTH | RATING CURVE : © +oir
’ *— DikE TO RTE 1S6 S
;\' STAGE @ \Roo de = 2,5 FEET
- D-15 ; 1
L

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

.......................

R
. -




el il Ml S Y il

Ty
e

A

LASR Ba® e
EalR R s

r

<

AP et SRR S S S

-

_.4 ->“ + L 1] ,L~
_uu T. 1 251 1 ++
R B M :
— ~CON - v 4t ,:“IJ - -
- ; -t ]
i ; SREY I .
11 o 1 _= .K mEnn
i - [ i .
— = RYENEEDe -
F O
11

-~
-4

LI_‘D

MUEPICEN b Jnde sl o
B

T LI,MI_PI,I..A.I«IJ“.I.L I'J.l?l‘x “ J]
AN apos [ e . 1 =
L T ‘ : T 1
= Bpsesananst H reas i
i 1 1 1 . "
S el e e i Ze=
! .| } —— e | —— —
R EEpE R i s R ! 1 TN
' . . . : ] : i i - ok —4—
| B 1t _ 1 T Pl N E I
| . HE ! Al [ I P
e Eatthe sumwa Exoud Ras: _ _ 5z
: ot : :
N T . dEE + 44 . -+
innidhuas il T . MMH n
EH - — - Id—|m
1= H, i 1 T " rHr
: : : L e
T I
e EE— A e
} : L e l+ HS + e
: 1 . PUD IS 4+ —y et
T BB B T
,,h_ - 44|H + +

i
IR il
L -

'
e
T

o s AL oA

. '
P
’

LTI

Cam uane w v

oo

R IIL L L IT O

SNGISIAIA AN 1@ A

Sivm =8 wdN BBe SNOIAE &1 01IC OM

D-16

.. 4,.4“.

TV YD Tl YA 10 30 TP




REfZHK | CENGTH = 2o’ +
VOLUME WITHIN RERH = \/,

V= 2000 x G900 = ZT7AE

1w
ORRGE @ MAX, PooL = [|700 AF = S

V< Yo . Reacp ok R
P, = CPB Cl- '/s 3 = 8o (|- 27/“700)

B Far RO

A = oo <& ( Voc V‘eqltin'olc)
[ | v
- @ Q= 1800 ks s
o “MGeE = 2,5 FEET R
_. (] SORAGE WwWITHN ReENcH = 2 TAF !.1
REAZH 2 -
i INFLOW TNTO REACH = \OO <Cs

y~ Feom it \%\(,hg) =3
FRoM Dls  WaRARD ©ERCH 2. RATING < Oaue

CFOR wowt DPouoFF ¢ gove Dike )

.!‘ '. "‘., ‘.,‘- .'n ,'.-"
el . A .
1 . :

NRGE @ |ROO <fs = b. FEET

REMH 2 LENGYH = |4ooo’
VOLUME W THIN REAZIN =V,

V= l4ooo x 7SO = 240 AF

SINE  V, < 6 S D1 pepey ok V

- .




T "t Rt PR e " T W e T A T AT TR ey CRARTMA DI e~ A N N i Nt S A w e W g TR T T e DR A e YA et iaie Tl Va0 Uy

@20, (1= 2/ = 1900 (1- PTires)

= 1765 s

@ 765 ccg)- SWREE = 6.l FEEY

SINCE THS  wourd BESULT 1N YHE SAME
voLuME wni ™ RENT L

- D = (80 + 1768 [2 = 1780 cbs

r
@ = 1780k

] SHs= = b, b FEET | WAUE WD EPPING
soRr = 240 AF

A . ST e R
L T - ot < 1% SNCHE PR ST i S e LV Tt Y
I I Y S AW DT ISR &Lx.'---x PP SO O P, S St Y, G e




G0 gl b e Bl

T T T RN WPV T TV T u

-

-agis - chut - ceen e _aival sutie S ELAR I AR

YTETLY Tr— v v 4 LianieaseenataREORSNCNG
PR

R . |

S . @ L
3
B ,

. .’. - .. .’»..

S40 NI 393YHOSIq

4+ c——dee |.lh|b.|+| -—m b } Tﬁﬁ +— FEwE. i ~r+ i 4t
T 1 - RN T tH -
— T OoLﬁoMtI« ﬁ,..i.fuw BN S S A I3 0eqee : 00
—_- v ] e i e A e R e R e R R n e e
- ———— .- — —— [T 4 e epid e e e} B ————
e —n P SNSRI R ryor e —— - ] L m HE SN +x_. L LJ.M.. ; # »LTM.
— o e ‘e PN N PO R B R “ ey sma-faes t r;_,...,f O R} --.7
o SN ERRNN RRURS oy SRS A P s
—_—— ) -+ wﬁ.:v:h e b ] T o «.1- ey el PRI EEE
et TSR Ll N B S e B o frn il RS nain s RN Bl ninarll B w ﬁ 1y
[ . - § - — R A R . RSN AN R SR
CoN{dda RITAS B |0 LT | L T Ty T
) =2 MRSy — I ST (VI IR N o g PRI IR
St PP Erol Kol G st Kivois werbd KR Il EEARY Kt s m il B 8 54 Bl
g > X SwvBRASNmog T A | s s s
10 Ak RRRRICES
T PNO YR T T e | TR il indnl nuns
(1 R P By ! 0 A 8 O
SRS S Mo,: agc Jifels M Ra RN § ST _ )
N [T ' ] N 1 m i
T T I SRRl 1 1§ i 1 11T 1L T w
T SRun 1T JJL'H T M_ 1| T ] ‘ ; iy
s I S —— T bt S L4 m
T P R e e iR at ] _
T IR i . L )] T 1
1~ T l_J,r_ T T t - t ﬂ_ Wl T d z
R S AR ; i i ] LN R 1 n
IR S 14 P 1o i el N 4 i
— T i T 1Ty oA T ]
PR B N R - M\TV I D% ]
: i Eauas e i B NN 0 Sy L
T i T i i g T t T Vo [ A
) . . X H s ] B doi ] 7 ' 44
BERE R R i BEREESE e T 1
RN SRS FEEAE RS f IRR RERAE RN SR RS - pRNEN !
I e E R EEs N |3 H e - -4 - 4
T . — T T T T T T -t
T = 1 \M_ ~” i u_u T “\ w\ B \Lmv H H.“LJ*. JIF4 1 T
L o Empa IEEE RN RN I 7 1] 1 H
: A B S S 0d o g IR L -LLM\\ﬂ S A A m!
Il . 1 g . v
s w = ﬂ ﬁﬂltuﬂlj- _ 4;1?
e e o B R R SpsEsEenl
E e e P T T a8 u
: N NEEN RN B R W 1 4 I e dpd [ 4L
IS R A h : ﬁ 11 ,H m : .I..t. : ; -{- B TL..IT.«L. 4 1T i
- e EEEmE R A - EBRESeaudEnEEa BN
T : Y Tt T +1+ 1 T " T+
' R e : : i J . 4 —t b R
1 RN BENNE EER B IR RS R nsiay B
S R N T N RN S S t y s sustd ieunEpunni
IRERE NEEMN [ [ ily, — { i | ! : :
ettt = S PETRe s MRS n +— 1 o L - - *
I ] Py N ) e 3 [ RS e i
ot T R ; | I W N RN
S 1 ﬁH It I 1 ) ! SRR BWER L.,_lr
S T g T 1 1 BEEERE SN N BENEE SRR o B ;
N R L T .1 I — Al Tl B R EEEENEERR NN EE
© o (]
v A et azine. @ 224ve navuo -
FO0Z0 ‘S8YN JOOMNON ' O NOOE X300 MOUS ADBNIA NI0LE M1 K.m:.u@.bv ‘ONOIBIAIC OOt AB OL “SAVM NAOE NONI ¥Ie snOsIAt0 01 ‘8i1C "ON

19

. IR
Aa i 8

- -
i n . e

A
) J

Ace e Sea B B

M P U VR OV N




A A AL MR et it |
o]

PRISARNS

SRS

4

RO

NN

RIS

e o

APPENDIX E ]
INFORMATION AS o ,;f
CONTAINED IN THE NATIONAL R
INVENTORY OF DAMS - ]




cam e M A el A e W Sl W B Sl A0 0N & e ot I i e i adiicie i * A R e Sediat ait i e it el Shiu B St il T

END |

—
odnandhen

=4
-~

‘:d[ lt

o 1.
el

*
i

r v »
L)

o b

£

FILMED

[k TR P SN
Aala 4’ g’y

PEVY




