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This report is prepared under guidance contained in th. Pac~~~~nd.d
Guidelines for Safety inspection of Darns, for  Phase I lnv.etigations.
Copiss of these guid elines rnay be obtainsd Ira. the Off ice  of Chief
of Engineer s , Was hington , D.C. 20314. The purpose of a Phase I
invest Igation Is to identify expeditiously tho se dana which aay
pose hazards to hurnan l i f e  or proper ty .  The asssssrnen t of the
general cond ition of the darn is based upon availabl, data and Visual
inspections. Detailed inve stigation , and analyses involving topo-
graphic Rapping , subsurface Investigations , testing, and de tailed
co.putatlonal evaluati on s are beyond the scop. of a Phase I in-
vesti gation ; however , the investigation Is intended to identify
any need for such studies.

in reviewing this report , it should be realised that the reported
condition of the darn is based on observations of fi.ld condition.
at the ti.. of inspec tion along with data availabl. to the in—
spection tea. In cases where the reservoir was lower.d or drained
prior to Inipection , such action , while Iaprovio.g the stability
and safety of the darn, rernove. the norasi load on the structure
and may obscure certain conditions which .ight otherwise be
d.tectabl. II inspected under the nor*al operating •nviro~~~ntof the structure .

it 1. irnportant to note that the condition of a darn depends on
nume rous and constantly changing interna l and siternal cond itions ,
and is evolution ary in nature . It would be incorrect to ass~~sthat t he present condition of the darn will continu, to represent
the cond ition of th. darn at sose point in the futur e . ~~ly through
f requen t  inspection, can unsafe  conditions be detected and only
through continued care and maintenance can these condition, be pre-
vented or corrected.

Pha se I inspec tion s are not intended to provide detailed hydrologic
and hydrau lic analyses. In accor dance with the established Guide-
l ines , the spill way design flood I. based on the estimated “Probable
Max irnua Flood ” for the region (greatest reasonably poosibi. stor m
runoff), or fractions thereof. The splI lvay design flood provides
a measure of relat ive spiliva y capacity and serves as an aid in
deter m inin g the w•d for sore detailed hydrologic and hydraulic
studies , considering the size of the d its geseral condition and
t he downstrea. d age potential.
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PHASE I INSPECTIuN REPORT

NATI ONAL DAM INSPECTION PROORAM

BRIEF ASSE MENT~~ F~~’ENERAL CONDITiON

RECOMMENDED ACTION

Name of Dam : Humbol It Dam
NDI 1 ’  ~~~~~~~ ~A— O O64b,L)ER ID No. 140—61

wn~ r: Hazieton ‘1.ty Authority

State Locat.~d : Pennsylvania

County Located : :~~~ern e

~trea— : Wolff’s :~~n

ia t e  of InspectIon : 11 Ap ril 1979

Inspectt r Team: Ganr~ett  Fl.- mlng Corddry and Carpenter , Inc .
Consulting Engineers
P.O. ~4 ox 1963
Harr isburg, Pennsylvania 17105

Based on vt~ ual insper .ton , available records , cal—
‘ula’ tons , past r~~.’rationa1 p’ rformance , anl accor d ing to
cr~ ’er ia es~ ab1tched f~ r these studies , Hw!rholdt Dam is
Juige l t~~ be un sa f e , nor ~~rg* ncy, because the spiliway
-apacity is rat ’~.i as serIousl y ~nadequate . Th~ existing
spUiway can pass 28 percent of the Probable Maximum
Flood (PMP) wtthc’ 4t overtopping of the dam . Because the
Dwne r has placed sandbags on the spiliway weir , the actual

~apac Ity is sig ’ . i f icant ly less than 28 percent. The re—
suiting ~wtflows from thc’ fail4re of Humbo ldt Dam would
increase the hazar l  to loss of life downstream . As a
whole , the lam is judge l to be in poor condition.

If the low areas of the top of the embankment were
raised 1.1 feet to the design elevation , the spillway
cou li pass 50 percent of the PM?. The spiliway capacity
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woul l then be rateI as inadequate. Raising the embank—
rnent to its design elevation would require the raising
of’ the spillway approach wall. This is considered to be
a m:~jor structural modifica tion to the dam .

There Is ev~~lence of stabil ity problems on the
embankment. There is no evidence to suggest that the
outlet works is operational. The lack of’ maintenance
h~ s created many serious pru~~lems at the lam .

The fol lowing m~~tsures are recornmendei to be under-
taken by the )wr ler , In approximate order of priority,
immediately:

(1) Remove ¶h ’~ san ibags t’r the s~-Il1wa y weir.

( ? )  t-~emove be brush in ‘he sp i l lway approach
channel anl the brush on the upstream embankment slope .

(
~

) Engage ‘~he services of a professional engineer
‘~xp.~riencecl in the design ~in•I constru ction of dams to
leter~~tne the best rnetho l of removing the trees on the
lownstream slope and near the toe and to determine

‘ 
measures necessary to ensure that the integrity of the darn
Is pre servel . implement his recommendations.

(14) ~nga~ ‘he services of’ a p rofe ss ional engineer
experience I in th” lesign ani con:truct lon of’ dams to
~erf’or— the following studies: studies to more accurately
ieter~i~ne the sp iliway capacity required at the dam and
to letermine the -easures re~ u1re I to make the spillway
ani sp~.llway ~htnn el hydraulically alequate , a s tudy to
leter—~ ne the structura l factors of’ safety for the embank—

a s’ily ê C letermine the best means of making the
outlet w~’rks -çerat to na l , a study to repair the deficiencies
in the s p i l iw ay  area , and a study to determine the best
means of ~-ont inual ly  monitoring the seepage and wet a reas
at the lam. These studies wi l l  require , as a minimum , in-
stal lat ion of’ observation we l ls  or othe r instrumentation
to lete rmine wat e r  levels in the embankment , an exploration
program to determine the engineering properties of the
em bankment and foundation materials , a complete survey of
the embankment and adjacent area , and grading of the
area downstream of the toe to more accurately assess the
seepage . Take appropriate action as required.

_ _ _  _ _ _  _ _ _ _
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(5) Replace the riprap on the upstream slope.

(6) Remove the debris from the apiliway outlet channel
and the outlet works channel.

In addition , the Owner should institute the following
operat ional and maintenance procedures:

(1) Develop a detailed emergency operation and
warn ing syste. for Humboldt Dam .

(2) Dur ing per iods of unusually heavy ra ins , provide
round-the—clock surveillance of’ Humboldt Dam.

(3) When warnings of’ a storm of’ major pro-
portions are given by the National Weather Service , the
Owner should ac ti vate hi s emer gency opera tion and warn ing
system .

(II ) Institute an inspection program such that the
embankment is inspected frequently. The program should
include a forma l annual inspection by a professiona l
engi neer ex per ience d In the des ign and construc ti on of
dams . Utilize the results to determine if’ remedial measures

‘ 
are necessary .

(5) InstItute a maintenance program to properly main-
tain all features of the dam.

V -vi-
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SUSQUEHANNA RIVER BASIN

WOLFFS RUN, LUZERNE COUNTY

PENNSYLVANIA

HUMBOLDT DAM

:~-I ID No . PA—006116
DER ID No. 140— 61

~iA~~LETJN CITY AUTHORITY

PHA SE-: I INSPECTION REPORT

NATI ONAL DAM INSPECTION PROGRAM

MAY 1979

SECTION 1

PROJECT INFORMATION

1.1 Genera l.

a. Authority . The ar~ Inspection Act , Public
Law 92-367 , authorized the Secretary of’ the A rmy , through
the Corps of’ Engineers , to init ia te a program of’ ins pec-
tion of dams thrc~ughout the United States.

b. Purpose. The purpose of the inspection is to
determine it the dam ;‘ons tltutes a hazard to human life
or property.

1.2 DescriptIon of Project. ~ “

a. Dam and Appurtenances. Humboldt Dam Is a homo-
geneous earthfill embankment with a masonry core—wall.
The embankment Is 9714 feet long and 141 feet high at
max imum section . A masonry gravity retaining wall ,
which acts as the spillway training wall , is at 4the right end of’ the embankment. The outlet works, (o.~T

’
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—~‘which is near the middle of’ the embankment , consists of -~~~~

a masonry and corrugated metal intake structure with
sluice gates , a 12—inch -itameter cast—iron pipe (CIP),
and a valve house at the toe of’ the dam . The intake
structure is located on the upstream slope of’ the
embankment ; a bridge exten-Is to It. Water supply pipes
also ex tend from the Intake structure .

The masonry gravity spi liway is at the right abut—
ment of’ the -lam. Its creit is 3.0 feet below the design
elevation of the top of the Iam and is 33.0 feet long.
The spillway channel has a variable bottom width and a
masonry gravity training ~al1 on the left. The spillway
channel extenis along the rI~~,t side of the valley . The
var ious fea’- ures of the lam are shown on the Plates at
the end of tne Report and on the Photographs in Appendix D.

b. Loc a t - i -n. The -lam Is located on Wolff’s Run
approxima~ eiy l i r  miles west of Hazleton , Pennsylvania.
~{ t)Ol-l t l~am is shown on U~~ C ..uadgangle , Conyngh~ m,
Pennsy lvania , wit h coor-Iinates U140 56’25” an-I w76 03’140”
in Luzerne 2ounty ,  Pen rasy ’.v a r . i a .  A loca’ ion map is
shown on Pla te  1. .

c~~ Size C lass if i ca t ion .  Intermediate ( 141 feet
high , 5~~ ac re— f ee t ) .

j~ Hazard Class i f icat ion.  High hazard . Downstream
-‘onditlons indicate that a high hazard classification is
warranted for ~iumbo ldt Dam (Paragraph 5.lc.).

e~~ Ownership . HazIeton City Authority, Hazieton ,
Pennsylvania.

f’• ~~~~~~~ of Dam . Water supply for Hazieton.

g. Des~gn and Construction History . Humboldt Dam
was built between ‘1909 and 1911 by the O~1amond WaterCompany. The dam was designed by William Marple , who
also supervised construction . Two separate contractors
went bankrupt during the cons’ruction of the dam. The
first contracting firm was Ruth and Jacoby . The second
contracting f I rm was S.W. Childs. The dam was finished
under force account. The 19114 Report by the Pennsylvania
Water Supply Commission indicates that Mr. Marple maintained
c1o~e supervision of the work during the entire construction
period .

—2—
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The top of’ dam progressively settled between 19114
and 1929. In 1929, considerable modifications were
made to the dam . The embankment was raised to its
design elevation , the riprap on the upstream slope was
extended to the top o ’ the dam , the timbe r upper—portion
of’ the intake structure was replaced by corrugated
metal , and a new bridge to the intake structure was
built

h. Norma l Operationa l Procedure. The pool is
maintained at the top of the sandbags on the spiliway
crest with excess inflow discharging over the spiliway .
Water is drawn directly from the reservoir for water
supply purposes.

1.3 Pertinent Data.

a. Drainage Area. (square miles). 0.6

b. Discharge at Damalte. (c f a ) .

Maxi m um known floo i at damsite. Unknown

Outlet works at maximum poo l elevation .
(approximate). 20

Sptllway capacity at maximum pool
elevation .
Existing ‘onditions : 280
Design Conditions : 530

c. ElevatIon. ( feet above me l .) .

Top of’ dam (design). 1763.0
Top of dam (existing). 1761.9
Maximum pool. 1761.9
Normal pool (epillway crest). 1760.0
Upst ream invert outlet works. 1722.5
Downstream invert outlet works . 1722.5
Streambed at toe of dam . 1722.0

d. Reservoir Length. (miles).

Normal pool. 0.3 14
Maximum pool. 0.36

—3—
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e. §~.2!!~e. (acre—feet).

Normal pool. 14142
Maximum pool (design conditions). 5149

1’. Reservoir Surface. (acres).

Normal pooi. 35
Maximum pool (design condItions). 37

g. Dam.

Type Homogeneous earth-
till with masonry
core—wall.

!~~~~ 
(feet) 9714

~~~~~ (feet) ~41

Topwidth (feet) 10

Side Slopes
Design

Upstream 1V on 2.75H
Downstream IV on 2H

Exist ing
Upstream Varies
Downstream

Above El. 1755.9 1V on 1.6H
Below El. 1755.9 IV on 2.25H

Zoning Homogeneous
earthf ill.

Cutoff’ Core—wall.

Grout Curtain None.

h. Diversion and Regulating Tunnel. None .

i. Spillway .

Type Masonry gravity 4
weir with inclined
top.

O —II—
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1. Spillway . (continuel)

— Length of Weir (feet). 33.0

Crest Elevation 1760.0
Upstream Channel Reservoir.
Downstream Channel Variable bottom

width , steep
natural channel
extending beyond
the toe of the
embankment .

j. Re~~1ating Outlets.

Type Single cast—iron
12-inch diameter
pipe .

Length (feet). 180
Closure Gate valve at

downstream toe and
3lulce gate in intake
etru’~ture.Access Bridge extends to
intake structure .

.5—
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SECTION 2

ENGINEERING DATA

2.] . Design.

— a. Data Available. No engineering data were
ava ilable for review for the structure as originally
designed . In a study performed in 19114 by the Pen-
nsylvania Water Supply Commission an account of design
concepts , geology , construction materials and methods ,
and design features was prepared for the components of
the dam f’rom interv iews w i th  the Owner , v i s u a l  inspec-
tion , and other sources. The 1914 study also included
analyses for nydrology and hydraulics. A summary of the
results of’ the analyses ~s on file.

b. Design Feature8. rhe project is described in
Paragraph 1.2g. The various features of’ the dam are
shown on the Plates at the end of the Report and on the
photographs in Appendix D-. A profile of the darn is
shown on Plate 2. A typical section of’ the embankment
is shown on both Plates 2 and 3. The embankment is
shown on Photographs A , B , and C. The outlet works
profile is shown on Plates 2 and 3. The intake and
outlet structure s are shown or-. Photographs A and E.
No plan Is available for the embankment. No plan or
other details are available for the spillway . These
features are shown on Plate 8—1 in Appendix B. The
spillway Is shown on Photographs 0 and H.

c. Design Cons iderations. Almost nothing is
known about the design of the dam . The Pennsylvania
Water Supply Commission did not raise any concerns about
th e l~sign In their l9l’1 Report.

2.2 Construction.

a. Data Available. Construction data for the
structure , that are available for review , consist of
the information contained in the 19114 Report prepared
by the Pennsylvania Water Supply Cormnission . The in—
formation is relatively well detailed . It reports that
the embankment was constructed of clay that was placed
in layers , sprinkled , and rolled . The material upstream

1 ’ -6-
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of the core—wall is described as being “selected” . The
material downstream of the core—wall is described as
~t fairly good clay with reasonably few “boulders ”.
The masonry core-wall was reportedly founded below the
natura l ground on what was considered to be an impervious
foundation . The maximum depth of’ the excavation for the
core—wall is reported as 39 feet. Each end of the core—
wall is reported as extending to bedrock. A discussion
on site geolc~-~ is presentel in Appendix E.

b. Construction Considerations. The available
information indIcates that the dam was well constructed.

2 .3  Operation. There are no formal records of operation.
The Owne r did not report any problems having occurred over
the operationa l history of the dam.

2.14 Evaluation.

a. Ava Ilab i1it .~~ EngI’..erIng data were provided
I y the Bureau of Dam Safety, bstruction s , and Storm
~ t ’er M~ nrtgener t , Department of’ Environmental Resources ,
~~ u~on~~~il ’h -~f Penn sy~.van~ a , and by the Owner , Hazle ton
city Authority. The Owner made available the General
Manager for information luring the week of the visual
inspection . He also researched his files for further
Information ~~t the r-eques t of the Inspection team.

b. Adequacy . The type and amount of design data
and other engineering data are limited , and the assess—
mont must be based on the combination of available data ,
visual inspection , performance history , hydrologic
assumptions , and hydraulic assumptions .

c. Vali dity . There is no reas-~n tr question the
validity of the available data. Conflicting data con-
cerning the 1’~sign elevation of the top of’ the dam isdiscussed in Section 6.

—7—
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SECTION 3

VISUAL INSPECTION

3.1 f~~~~n s .

a. General. The overall appearance of the darn
is poor. Deti-tencies were observed as noted below. A
sketch of the dam with the location of deficiencies is
presented in Appendix B on Plate B-.l. Survey infor-
mation acquired for this report is summarized in Appen—
lt x B. On the- day of the inspection , the poo l was 0.7
feet below spil iway crest.

b. Embankment. The embankment is in poor con-
dition . Brush extends along t~ .e upstream slope. The
riprap along the upstream slope is either washed out ,
leaving the be-fling material exposed , or weathering has
leteriorate -1 the riprap to the extent that it is no larger
‘han gravel. The upstream e- i~ e of the top of the darn is
ero-Jel . The erosion has result’~i in the top of the slope
being vertical in many places. A maximum height of’ 1.5 feet
was measured at one of these areas.

The lownetream slope is thickly covered with
m t ture ‘ ree~~. Near the righ t ~~utrnent , there is a dis-continuIty In t’~e slope . The area is sketched on Detail A
of Plate R— l. There are numerous wet areas along the
toe of’ the —Ia— . ~l’ar seepage was observed ~~~!- some
of’ the wet areas. The approximate locati— In of the con-
ditions is shown on Plate B— i . The growth along the
toe hindered the Inspection or these areas. It should
be noted that heavy rains o-’curre d three days previously.
There ar e m --unds -~t1ong some of the toe . A typical area
is sketched on Detail B on ~late 8—1.

The survey perforn’eI for this inspection re—
vealed that the lowest area along the top of the dam is
1.9 feet above the splllway crest. The survey also re-
vealed that the upper part of’ the downstream slope is
1V on l.6H and that the lower part is lV on 2.25H.
Although this is assumed to be typical , the trees on the
embankment made this assumption uncertain. The surveyed
profile and cross—section are in Appendix B. There was
insufficient area exposed above the reservoir to determine
the upstream slope.

0 -8-
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C. Appurtenant Structure s. Structurally, the
spillway is in fair condition . However , the Owner has
placed sandbags across the spillway crest. This effectively
raises the spiliway crest about 1 foot. There is a sig-
nificant amount of brush growing in the spillway approach
channel. The masonry joints in the spillway weir are
seeping. The total seepage , which is clear , is estimated
at 1 gpm . The mortar in the joints is deteriorated. The
masonry spiliway approach wall is tilted and offset towards
the spillway. The mortar in this wall is completely de-
teriorated . The mortar in the masonry spiliway training
wall is deteriorated . The wall is low and the ground
directly behind it slopes toward the toe of the embank-
ment. There is ~L substantial amount of debris in the
splllway channel. The lebris is not close to the spill—
way weir.

The outlet works Is in poor condition . The
intake structure ia in good condition , as i s the access
bridge. The valve house at the downstream toe of the
embankment is in poor condtt~on. The roof is collapsed;
it fills the interior of the valve house. There appears
to be no ready access to the valves therein. The down-
stream channel Is filled to the axis of the outlet pipe
with muck and small debris . The Owner declined to operate
the valve. He was concerned that the valve would remain
in the open position , thus draining the reservoir.

d. Reservoir Area. Some of’ the watershed is owned
and controlled by the llazleton Municipal Authority. The
watershed is wooded hi1l~ without any development. The
left reservoir shore is fairly flat. The right reservoir
shore is steep with some outcrop visible.

e. Downstream Conditions. Wolff’s Run extends from
the dam along a steep, wooded , and uninhabited reach for
0.8 mile to Its ~‘onf’1uence with Stony Creek. In this
reac h , Wolff’s Run crosses under the access road to the
lam in a small culvert. At the confluence , there is a
water treatment plant belonging to the Hazleton City
Authority. There is a dwelling Immediately adjacent ,
whi-h the Autho rity Stated was not utilized any longer.
The stream then proceeds for 1.1 mile to Interstate 81.
The Interstate embankment Is about 30 feet high at the
stream . The culvert beneath it is approximately tri-
angular , being about 15 feet high and 22 feet wide at
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its base. Immediately upstream of the interstate is
an abandoned strip mine ; there is no vehicular access
route to the mine .

Immediately downstream of Interstate ~l, thestream flows adjacent to an industrial park. There is
a small storage shed about 15 feet above streambed . The
two lowermost occupied buil lings are 20 and 21 feet above
streambed. Stony Creek has its confluence with Black
Creek near the center of the industrial park , about 0.5 mile
downstream of the Interstate 81 culvert.

Black Creek crosses under a high Interstate 81
bridge and flows along an abandoned and overgrown strip
mine to the community of Derringe r, where dwellings are
about 10 feet above the streambed. The above reach is 7.0
m iles long. The strip mine appears to have substantial
overbank storage. Downstream of’ Derringer there are
many more dwellings within the floodplain.

t
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SECTION 14

OPERATIONAL PROCEDURES

4.1 Procedure. The reservoir is maintained at the
top of sandbags on the spillway crest with excess in—
flow discharging over the spillway and into Wolffs Run.
Water is drawn directly from the reservoir for water
supply. A 12-inch diameter cast—iron water supply line
discharges into Wolffe Run. Since this line is for
emergency drawdown purposes, the valve and sluice gate
on the Humboldt Dam water discharge line is usually
closed.

14.2 Maintenance of Dam. The dam is visited daily by
a caretaker who apparently adjusts the water supply valve
in the intake structure . The remaining features of the
dam are not maintained . No inspections of the dam are
made.

14.3 Maintenance of Operating Facilities. Except for
the water supply line , the operating fi~ ilities are not
maintained .

Ll •14 Warning Systems in Effect. The Owner stated that
there is no emergency operation and warning plan . He
stated that , should the dam fail , no damage downstream
would result.

4.5 Evalua tion of Operational Adequacy . The lack of
maintenance is a serious hazard to the dam . The lack
of any inspection program is also a serious hazard .
As described hereafter, the fa ilure of the dam would
result in damage . An emergency operation and warning
p lan is necessary to mitigate hazards downstream should
evidence of stress develop at the dam .

0 
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SECTION 5

HYDROLOGY AND HYDRAULICS

5.1 Evaluat ion of Features.

a. Design Data. No data were available ror re—
view for the structure as designed. During 19114, a
report on the darn was prepared by the Pennsylvania
Water Supply Commission . The report estimated the max-
imum spillway capacity at 255 cfs. This was estimated
w ith a 30—foot crest length and 2 feet of head. The
crest measured 33 feet on the day of the inspection.
As discussed In Section 6, the design top elevation of
the dam is uncertain. A discharge capacity of 530 cts,
with the embankment at its design elevation of 1763.0,
was estimated and used in this report (Appendix C).

b. Experience Data. The Owner stated that no
records of maximum pool levels were available. He did
not report any hydraulic problems having occurred over
the operational history of the dam .

c. Visual Observations.

(1) General. The visual inspection of Humboldt
Darn, which is described in Section 3, resulted in a num-
ber of observations relevan t to hydrology and hydraulics.
These observations are evaluated herein for the various
features.

(2) Embankment. It is certain that the embank-
ment is at least 0.1 toot below its design elevation. As
discussed in Section 6, it may be 1.1 foot below its design
elevation . The spillway capacity is reduced by the embank— —

ment being below its design elevation .

(3) Appurtenant Structures. The Owner stated
that the system gets low on water storage during the
late summer and that the sandbags provide extra storage.
He considered this a “slight” deviation from approved
operating methods. The sandbags are an immediate and
very serious hazard to the darn because the apiliway

- 
- capacity is substantially reduced . The brush in the spill—

way approach channel reduces the apiliway capacity even

U —12—
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further. The debris in the outlet channel doea not reduce
the spillway capacity. However , it may increase tail—
water and cause water to overtop the training wall. Even
if the brush were removed , It is not certain this wall
is of sufficient height to contain the flow . It is be—
lieved that water overtopping the wall would flow along
the toe of the embankment. Because of growth in the area ,
this could not be confirmed. Flow along the toe of the
embankment would be an erosion hazard .

Upstream closure for the outlet works is
provided by a sluice gate in the intake structure . Its
operation was not observed on the day of the inspection .
There is no apparent access to the outlet works valve at
the downstream toe of’ the darn, since the roof is caved in.
The debris in the outlet channel indicates that flow has
not recently occurred In the channel; the debris may also
prevent prope r operation of the valve. There is no evidence
to suggest that the outlet works is operational.

(14) Reservoir Area. No conditions were ob-
served in the reservoir that might present significant
hazard to the dam . The assessment of the dam is based
on existing conditions , and the effects of future de-
velopment are not considered.

(5)  Downstream Conditions. No conditions were
observed downstream from the dam that might present sig-
nificant hazard to the dam . It is apparent that eub—
stantial spillway discharges would overtop the main
access road . There are other roads extending around the
reservoir. Judging by the USGS mapping , these would be
traversable during periods of high runoff. Access to
the dam is deemed adequate. If’ the dam were to fail ,
the water treatment plan t would be flooded . Water would
then pond behind the Interstate 81 embankment. The
strip mine upstream of the embankment is shown , without
updated contours , as a photo—revision to the USGS mapping.
There is a possibility that water would pond behind the
embankment without overtopping it. If it were to over-
top the embankment , a hazard to vehicles on the road
would exist ; the failure of the roadway embankment might
also occur. As there is insufficient information to
assess the storage capabilities of the strip mine , its
effec ts have been ignored in the analysis described
hereafter. The mapping for the strip mine along Black

I
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Creek is similar to the mapping for the above strip mine .
There 1,s no way to include its storage effects without
further information . As such , the failure of the darn could
present a hazard to the community of Derringer and the
other communities downstream from it. A high hazard
classification is warranted for Humboldt Dam.

d. Overtopping Potential.

(1) Spiliway Design Flood. According to the
criteria established by the Office of the Chief of
Engineers (OCE), the Spillway Design Flood (SD?) for
the size (Intermediate) and hazard potential (High ) of
Humboldt Dam is the Probable Maximum Flood (PM?).

(2) Description of Model. The watershed was
modeled with the H~C-lDB computer program. The HEC—1DB
computer program computes a ?MF runoff hydrograph and
routes the flows through both reservoirs and stream
sections . In addition , it has the capability to simulate
an overtopping dam failure . The PM? inflow to Humboldt
Reservoir was routed through the dam. Identical methods
were used for various percentages of the PM?.

(3) Summary of Results. Pertinent results
are tabularized at the end of Appendix C. The analysis
reveals that , with the existing top elevation of 1761.9,
Humboldt Dam can pass about 28 percent of the PM? without
overtopping . This analysis ignored the effects of the
sandbags on the spillway crest. With the sandbags in
place , the percentage would be significantly lower. If
the dam were raised to its assumed design elevation of
1763.0, the spillway could pass 50 percent of the PM?.

(4) Spiltway Adequac~r. The criteria for
rating a spiliway is presented in Appendix C. Humboldt
Dam would be overtopped by 0.53 foot during the 1/2 PM?.
This would probably cause failure of the embankment.
The embankment was assumed to fail over a 90—foot long
breach 0.2 hour after the embankment would be overtopped
by 0.1 toot. The breach was assumed to extend down to
Elevation 1722.0. A breach of this size will result in
a peak outflow of 145,800 cfs . This flow was routed down—

: stream to Derringer. The effects of the strip mines and
highway along the stream were not included in the analysis ,

— ~l1l _
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as noted previously . The darn break will raise the water
surface at Derringer by 6.9 feet over the level that would
occur without the darn break . There is an increased hazard
to loss of life. The apiliway capacity is rated as
seriously inadequate.

If the darn were raised to its assumed design
elevation of 1763.0, the spiliway capacity would be rated
as inadequate. As discussed in Section 6, the design
elevation of the top of the dam is uncertain.

I
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SECTION 6

STRUCTURAL STABILITY

6.1 EvaluatIon of Structural Stability .

a. Visual Observations .

(1) Jene ral. The visual inspection of Humboldt
Dam , which is described in .~ec tton 3, resulted in a
number of observations relevant to structura l stability.
These observations are evaluated herein for the various
features .

( 2 )  Embankment. The brush on the upstream
slope is undesirable. The deteriorated or washed out
riprap tz an erosion hazard . The trees on the downstream
slope are of serious concern. Their large size indicates
that brush cutting has not been accomplished on the
downstream slope for many years.

Plates 2 an-i 3 Indicate that the design
top elevation of’ the dam is 1763.0. However , both the
1914 Report by the Pennsylvania Water Supply Commission
and a sketch in an inspection report prepared by the
Commonwealth in 19144 indicate that there is only 2 feet
between the splllway crest and the top of the dam . As
measured for this Report , the wall is 2 feet high. The
spillway crest is assumed to be at Elevation 1760.0.
Therefore , the iam could not be raised to Elevation 1763.0,
as shown on the Plates , without raising the approach wall.
The reason for the difference is unknown.

The —iiscontinutty on the slope , the
variation between the actual and the design slopes , and
the mounls along the toe couli all be indications of
poor construction grading . However , the 1914 Pennsylvania
Water Supply Commission Report stated that the dam was
apparently carefully constructed. As such , there is
evidence that movement of’ the slope may have occurred .

The seepage at the toe of the dam may
have been increased by the recent heavy rains. However ,
because of the location of some seepage areas , it is

— 16—
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reasonably certain that some seepage was from the —
reservoir. The seepage is not excessive but the number
and size of the wet areas are of concern .

(3) Appurtenant Structures. The offset and
shifted approach wall was probably caused by frost action.
The other conditions at the spillway are an indication
of a lack of maintenance. The outlet works is evaluated
in Section 5.

b. Design and Construction Data. No stability
analysis for the embankment Is available for review.
In their 19114 report , the Pennaylvanta Water Supply Corn—
mission did not analyze the structura l stability of the
spillway sectIon. No drawings are available to determine
the structura l dimensions of the weir or adjacent walls.
All these structure s are relatively low. ~.a sketched inAppendix A , the masonry sp illway weir l~ 

1~.5 feet high.
Because masonry weirs of this heigh t ire usually stable ,
the lack of’ structural dimensions is not of paramount
concern .

~~. Operating Records. There are no formal records
of operation . No evidence of instability on any feature
of’ the dam is previously noted in the records , except
for the settlement of the embankment. As noted in
Paragraph 1.2g. the top of the dam was refilled to its
design elevation in 1929.

d. Post-construction Changes. There have been
no post— conatruc -ion changes made to Humbo lit Dam that
would affect Its stability.

c. Seismic Stabilit y . Humbo l -i t Dam is located in
Seismic Zone 1. Normally It can be considered that if
a dam in this zone has adequate factors of safety under
static loading conditions , it can be assumed safe for - r

any expected earthquake loading. However , since there
are no formal static stability analyses , and there is the
potential of earthquake forces moving or cracking the
masonry core—wall , the theoretical aeisrnic stability of - 

-

Humboldt Dam cannot be assessed .
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SECTION 1

ASSESSMENT , RECOMMENDATIONS , AND REMEDIAL MEASURES

7.1 D&m Assessment.

a. Safety.

1) Baaer~ on available records , visual in—
3~~~~

r
~~t i Of l , calculations , ani past operational performance ,

Humboldt Dam is judged to be In poor condition. The
spillway will pass n1~ 2

8 
p~ r- - -en t of the PM? without over-

topping of’ the dam . Because the Owner has placed sand—
bags on the spiliway weir , the actual capacity of the
spi]lway is significantly less than 28 percent. If the
tar~i shoul-1 fail , the resuItin,~ outflows will increase
the hazard to 1 - 4 3 5  of’ life downstream . The epillway
capacity is rated as ser 1-~A sly inadequate. According
to criteria established for these studies , the darn must
be rated as unsafe , nonemergency , because the epillway
-~ap a- ’ity is seriously Inadequate.

If ~~~ emban~-~~nt were raised to its
iea lgn elevation , the sp iliway could pass 50 percent of’
tne PM?. The spiliway capac~ ty would then be rated as
inadequate. NaThing the embankment to its design elevation
wou ld require the raising of the splulway approach wall.
This Is consi-lered a ~najor str-ictural modification to
the darn.

(2) There is evidence of stability problems
on the embankment.

(3) There is no evidence to suggest that the
outlet works Is operational.

(Li ) The lack of’ maintenance has created many
serious problems at the darn.

(5) A summary of the features and observed
deficiencies Is listed below :

I — 18—
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Feature and Location Observed Deficiencies

Embankment:

Upstream slope hiprap washed out, brush.

Top Low areas.

Downstream slope Mature trees , ev idence
of’ movement .

Downstream toe Trees, seepage , wet areas.

Outlet Works:

Va l ve house at downstream toe Roof collapsed , no
ready access.

Downstream channel Debris.

Cpil lway :

Weir Sandbags on weir ,
deteriorated mortar.

Approach channel Wall tilted and offset
with deteriorated mortar ,
brush.

Training wall Deteriorating mortar ,
m ay be too low to contain
high flows.

Downstream channel Debris.

b. Adequacy of Information. The tnformatton
available Ts such that an assessment of the condition
of the dam can be inferred from the combination of
visual inspection , past performance , and computations
performed prior to and as part of this study .

c. Urgency. The recommendations in Paragraph 7.2
should be implemented immediately.

d. Necessity for Further Investigations. In order
to accomplish some of the remedial measures outlined in
Paragraph 7.2 , further investigations by the Owner will be
required.

(I
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7.2 Recommendations and Remedial Measures.

a. The following measures are recommended to be
undertaken by the Owner, in approximate order of priority,
immediately:

(1) Remove the sandbags from the spillway weir.

(2) Remove the brush in the apillway approach
channel and the brush on the upstream embankment slope.

(3) Engage the services of’ a professiona l engineer
experience--i in tne design and construction of dams to
determine the best method o~ removing the trees on the
downs t ream ~;lope and near the toe and to determinemeasures necessary to ensure that the integrity of the
darn is preserved. Implement his recommendations .

(
~

) 
~.r gage the services of’ a professional

e~~ineer experienced in the design and construction of
-iams to perform the fol lowing studte3 :  a study to more
accurately letermine the spillway capacity required at
the -lam and to determine the measures required to make
the spillway and spillway channel hydraulically adequate ,
a study to determine the structura l factors of safety
for the emban~cment , a study to determine the best means
of making the outlet works operational , a study to
repair the deficiencies in the spillway area , and a study
to determi ne the best means of’ continually monitoring
the seepage ani wet areas at the dam . These studies will
require , as a -r tnImum , installation of observation wel ls
or other instrumentation to determine water levels in
the embankment , an exploration program to determine the
engineering properties of’ the embankment and foundation
iaterials , a complete survey of the embankment and
adjacent area , and grading of the area downstream of the
toe to more accurately assess the seepage . Take appropriate
action as required .

(5) Replace th- riprap on the upstream slope.

(6 ) Remove the debris from the spillway outlet
channel and the outlet works channel.
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b. In addition , the uwner should institute the
follow ing operational and maintenance procedures:

(1) Develop a detailed emergency operation and
warning system for Humboldt Dam .

(2) During periods of unusually heavy rains ,
provide round—the—clock surveillance of Humboldt Dam.

(3 )  When warnings of a storm of major pro-
portions are given by the National Weather Service , the
Owner should activate his emergency operation and warning
system.

(
~ ) Institute an inspection program such that

the embankment Is Inspected fr~ quent1y. The program
should Include :t formal annual Inspection by a professiona l
engineer experienced in the design and construction of
dams . Utilize the results to determine if’ remedial measures
are necessary .

(5) :nstitute a maintenance program to properly
maintain all features of the dam .

-21-
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APPt N DIX C

HYDROLOGY AND HYDRAULICS

In th . recommended Guidelines for Saf ty Inspection of Dams,
the Department of the Army , Office of the Chief of Engineers (OCE) .
established criteria for rating the capacity of spIJ.lways. rh. recom-
mended Spiliway Design Flood (SDF) for the size (smell, intermediate ,
or large) end hazard potential (low , significant , or high) classification
of a dam I. selected In accordance with the ait srta • The SDF for
ho., dams In the high hazard category varies between one-half of the

Probable M aximum Flood (PMF) and the PMF, If the dam end sptllwey
are not capable of passing the SDF without overtopping failure , the
spiflwey capacity Is rated as inadequate. If the dam and spiliwey are
capable of passing one-half of the PMF without overtopping failure,
or if the dam Is not in the high hazard Category , the spiliwsy capacity
Is not rated as seriously inadequate. A spil.lway capacity Is rated as
seriously Inadequate If all of the following conditions exist:

(a) There Is a high hazard to loss of life from large flows
downstream of the dam .

(b) Dam failure resulting from overtopping would significantly
Increase the hazard to loss of life downstream from the dam from that
which would exist Just before overtopping fa ilure.

(c) The dam and spillway are not capable of passing one-half
of the PMF without overtopping fa ilure . 

I 

_
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APP ENDDC C

____________________River 8astn

Name of Stream : b LI F ~
Name of Dam : _______________________

ND•ID No•: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

DER ID N0.: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Lattt~x1e: 1~4 ‘10 ° ~~~ 
“

~~~~~~~~ Longitude: W’ 74 03’ L!&’

Top of Dam (le~~ ‘pat) Elevation: I 7~ 3, C)
Streamb.d Elevation: / 7~~2.Oi Height of Dam: £j ,

Reservoir Storage at Top of Dam Ele vat Ion: 5 ‘~ aors-ft

Siz. Category: t. ~~~~~~ : ~~~ E.
Hazard Category : H (see SectIon 5)

Spiliway Design Flood: __________________________________

UPSTREAM DAMS
Distance Storage

from at top of
Dam Height Dam Elevation

Name (miles) 
_ _ _ _  

(acre-ft) R marks

DOWNSTREAM DAMS 

~~~~ 

C

:

: 

_
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______________________ River BasIn

Name of Strsam: W OLF c ~~ ~k’~N
Name of Dam: Pi

IJ~~~S tie .: _______________________________

flflfl Ml flu.: ______________________________

Latitude: ~~ 4O ° 5~ 
-

~ 2~~ Longitude: W 76 0 03’ Lf p 1’

DETE RM INAT~~N OF PMF RAINFALL

For Area ‘9
which consists of Subareas Ai of 

____________  
sq. mile

Total Drainage Area 0. (~ sq. mile

PMF RaInfall Index i. 
~~~~~~~ In.,24 hr,,200 sq.mile

Hydromet . 40 Hydromst. 33
(Susquehanna Resin) (Other Basins)

Zone N/A 
___________

Geographic Adjustment Factor / ~ ~ 
1.0

Revised Index Rainfall ~2. 2. ~,4. _ _ _ _ _ _ _ _

RAINFALL DISTRIBUT!ON (percent)

TIm. Perc.nt
6ho ~ws 

_ _ _ _ _

12 hours 127
24 how s 13(~.

0 48 how s 1 1.1 2.
- - 72 hoig s 

_ _ _ _

96 hours
~~~~3 

Ia/A

- -4 — -  - - - -- -~~~~~~~ -- - -~~~~ - - -~~~~~~~~~~ -- -~~-- - - -- - - - - - - -~~~~- - -4 —~~~~— -~~ _ _ _ _ _ _ _
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—

Data for Dam at Outlet of Subarea Ri.
(see Sketch on Sheet C-i)

Name of Dam: 1-4 ~~~~Lor Sheet 1 of

HeI ght : _____________________ (u*.iInj)

SptUway Data : Existing Design
Conditions Conditions

Topof Dam Elevation ‘76/. ? / 7~~3.O

Spillwey Cr.stElevetlon  
_ _ _ _ _ _ _ _ _ _

Spiliway Heed Available (ft) 1. 9 3.0
Type Spiliway ‘))~~L~D~~ ~~~*?i-~i ‘7’ (~) / a t~I C . L i N 5 . Q  Te?
N C w Value_ Sp illway 3~ j  

_ _ _ _ _ _ _ _ _ _

Crest L.ngth-Spiflwey (ft) 33 . 0 3 30
SPIUwey Peak Discharge (cfs) ~
Auxiliary SpUiwe y Crest Elevation .4 ~ _ _ _ _ _ _ _ _ _ _ _

Auxiliary Spiliway Head Available (ft) 
_ _ _ _ _ _ _ _ _ _ _  

—

Type Auxiliary Spiliway —

‘C” Value - Auxiliary Spillway — —

Crest Length - Auxiliary Spillwsy (ft) — —

Auxiliary S~tllwi~yPeek Discharge (cfs) 
_ _ _ _ _ _ _ _ _ _  

—

Combined Spillwav Discharge (cfs) 
_ _ _ _ _ _ _ _ _ _ _ _  ~~~~ ~ C)

Spiliway Rating Curve: S EE NE *T 5?fj f

Elevation 0 Spiliwey fcfs) OAuxil.tarvSpljlwey (cfs) Combined (Cf.)

I
C-’

_________________________________________ ______ _______ -

— —- - - ------  ______  
- 

-~
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4.

Data for Dam at Outlet of subarea i~ L~

Name of Dam: k a~~~~~r Sheet 2 of _

Outlet Works Rating : Outlet 1 Outlet 2 outlet 3

Invert of Outlet I 722 £~.t _ _ _ _ _ _  _ _ _ _ _ _

Invert of Inlet 
_ _ _ _ _  _ _ _ _ _  _ _ _ _ _

çxP 
_ _ _ _  _ _ _ _

Diamet.r (ft)-D -

L.ngth(ft)—L 180 
_ _ _ _ _  _ _ _ _ _

Area (sq.ft)—A 
_ _ _ _ _  _ _ _ _ _

N 
_ _ _ _ _ _  _ _ _ _ _ _

K Entrance O. ~~ _______  _______

Ktxit J o  
_ _ _ _ _  _ _ _ _ _

PC Frtctions29.1N2IJR
4’3

Sum of k 7.12.- _ _ _ _ _ _  _ _ _ _ _ _

(l,100 5 — c  
_ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _

Maximum Heed (ft) - HM 
_ _ _ _ _  _ _ _ _ _  _ _ _ _ _

Q C A v ’2g(HM)(cfs) /~‘ 
_ _ _ _ _  _ _ _ _ _

Q Combined (cfs) ~2o 
_ _ _ _ _ _  _ _ _ _ _ _

* R - Hydraulic Rad ius - (~rea/Wett.d Perimeter)
D/4 for Cfrcular Conduits .

-
• 

C~7
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I

Data for Dam at Outlet of Subares __________________________
Name of Dam: U r~VPL~L t..T -~ Sheet 3 of —
Storage Data:

Area IIIIP~~ 
—

Elevation (ecresi _211L... *~ift ~
- - ~~~~~ ~~-‘ —

/ 7~~I.~~ — ELEVO 0 0 0 _ _ _ _ _ _ _ _ _

17~Q.O - E LEV 1 3~~.�- Al J4113.g £j &~l/ .~~ - Si _ _ _ _ _ _ _ _ _

_ _ _ _ _ _  3ta _ _ _ _  
SbC1 _ _ _ _ _ _ _ _

_ _ _ _ _ _  
.5~~L 

_ _ _ _  _ _ _ _  _ _ _ _ _ _ _ _

ELEVO — ELEV 1 - (3S 1/A 1)

•• Planftnetered contour at least 10 feet abov, top of dam

Reservoir Area at Top of Dam is 
______ percent of watershed .

R merks: _____________________________________________________
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Data for Dam at Outlet of Subarea Ai.-
Name of Dam: M~~~~i~~ .~~i- Sheet 4 of _

Breach Date :

Sketch of Dam Profile (not to scale) :

~~~
_c ~~L.~4r i :_ _.__

Sketch of Top of Dam (not to scale) :

~~ pL~.4~E .2_

Soil Type from Visual Inspection: O’~, ~~~-T
Maximum Perinla lble Velocity (Plate 28 . EM 1110—2-1601) /.$ fps
(from 0 • CLH” - V •A and de~~h - (2/3) x H) 

~ L.a

H M A X •( 4 / 9 V2/C2) .  .1~1t ft. .C- ~~~

HM*~~+ Top f~I~e~~ Elev . - / 7~~ 2 .O  - FAILEL
(Abov is elevation at which fa ilure would star t)

Dam Breach Data:

BRWID - 90 ft (width of bottom of breach)

z — 2 (side slopes of breach)

ELBM - 1 7.~2.O (bottom of breach ilevation,
minimum of zero storag e elevat ion)

WSE L - 1 7 ~ p. 0 (normal pool elevation)

T FAIL /2 .  mini

~~~ . 2..... hrs (tim. for brea ch to develop)

C

- - — ---4 —-- 4 — —- -



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  River Basin

Name of Stream : Io~~ ~~~~~..

Name of Dam: _____________________

)JDO1C 145.: 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

D~~ ID tie .: _______________________

Latitude: t4 ~f 0 r~~ Longitude: ~L 7~~ 03
Drainage Area : 0. L~~ sq. mile

Data for Subarea : 4-i. (see Sketch on Sheet C-I)
Name of Dam at Outlet of Subarea : 1 ~~~~~~~~~
Drainage Area of Subarea: 0 . sq. mile

Subarea Characteristics:

Assumed Losses; 1 0-inch Initial abstractIon + 0 0 5  in/hr

The following are measured from outlet of subarea to the
point noted :

L - Length of Main Watercourse extended to the divide - I.e mile S

Length of Main Watercourse to the centroid — 0 7 mile

From NAB Data : 4,’ 3 L F.

Cp 

-

_ _ _ _ _ _ _

c1~ / .8~~
T P C T X (LXL CA)

0 3 11 / 9 /  (hr.)

Flow at Start of Storm - 1.5  cfs/sq . mile x Subarea D . A  — O.~ cfs

Computer Data :

ORCS N — -0.05 (5~ . of peak flow)

RTIOR — 2 . 0

Remarks: 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

U
C-b

_ 11.. _ _ _ _
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HUMBOLDT DAM

APPEN DIX E

GEOLOGY

1. General Geology. The damsite an~l reservoir are
~~cated in Luzerne County. The rock formations exposed in
.-~~erne County r~ri~e from the Post—Pottsville formations ,of Pennsylvanian Age , down to the i~nondaga formation , ofM i-t~i1e Devonlan Age . The ~iscons1n termina l moraine crosses
the southern part of the County, and the greater part of
the glacial outwash occur along the Susquehanna River and
less extensive ~ieposite ~~ong the smaller streams.

Nea ri .~ :t ’.l of t t . t~ ~
-
~~ errze County lies in the Valley

ant ~tdge Province ir-~ w~~tch nearly all t~ e rocks have been
strongly folded. In going ~‘rom north to south across the
County, five major f~-~.ds are encountered , all of which trend
northeast. T~.e first o~ th’~st Is a shallow syncline on the
crest of North M -~-~ntain , forming the Mehoopnay coal basin.
The second Is the Mi!-ton An tl c l -t ne , which exposes the Portage H
group in the northwestern p~-ir t  of the County and gradually
f1~ ’ tens out towar -i the ~—~rtheast. The third and most
pronouncel is th .— ~ackawanr~—. Syncline , whi ch originates in
La’kawanna County to the north , and has preserved the post—
Pott~ v 1l1 e formtt tons thr~-ugho-~t the Wyom 1r ~g V a l l e y . The
maxi mum depth of this syncline is reache l In the V i ci n i t y
of ~l1~ es—Barre .in -i P1ymout~.. The louble rIm of this
sync itne is for~~- --1 by the resistant Pottsville formation
-~nd ~ocono sar~dstone , se~:ara tei by the lesn resistant
M-~.~~ h Chunk shal .— . The rourth ~-- l d is the i~erwicK( M~ntour) Antic1~ ne , whl.h I’xpoaes a rew feet of the

nonda g f orma t Ion In t~~s v Icin ity of’ Bea~ h Haven. This
f o I l  rea~ hes ts ma x 1~ um jeve1 (~~ment farther west and
only the east ern portion re—~’hes Luzerne :ounty . The
“ifth major f o il  comprises -~~ series of anticlines and
sync l.tnes forming the Eastern M i l l i e  A n t h r a c i t e  Field
In th” vicin Ity of Hazieton . The synclina l basins in
this region are relatively shallow and thv’re are large
areas from whi-’h all Ibeds have bren eroded.

The general dips of’ the region vary from ~0 to
400 , and the m a x i m u m  d ips  are foun d on the r ims and with-
in the s yn c it n a l  coal b a s i n s .  The r e l a t ive ly  soft P ost—
P o t t av i l l e  beds in the i r  cores are severely folded and

_ _  
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contorted with numerous minor faults. The northern arid
easternmoat parts of the County border the Appalachian
Plateau Province and are characterized by horizontal ,
or nearly horizontal strata. The Catskill continental
group of rocks underlies those parts of Luzerne County
that are outside of the five major folds.

2. Site Geology. The dam Is situated on strata
of the Pottsvilie formation of Pennsylvanian Age . The
Pottsville formation in this area is composed of hard
coarse quartz conglomerate , white and gray sandstone ,
brown sandstone , an i  a few t h in  seams of coal .  This
formation forms a ridge around the Wyoming Valley coal
ba sIn and is exposed around and between the coal areas
near Hazleton . ThIs formation nas been folded into a
large syncu ine  forming the Wyoming Val ley and into a
series of smaller folds near Hazieton.

The available Information indicates that the
ends of the core—wall are founded on “solid conglomerate
roc. .” Apparently moat of tr~e dam is founded on over-
burden. The available information pertinent to the
foundation material is limited .
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