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Pursuant to Public Law 92—367, Phase I Inspection Reports are prepared
under guidance contained in the recosmended guidelines for safety
inspection of dams, published by the Office of Chief of Engineers ,
Washington , D. C. 2031k . The purpose of a Phase I investigation is
to identif y exped it iously those dams which may pose hazards to human
life or property. The assessment of the general conditions of the dam
is based upon available data and visua l inspections. Detailed
investigation and analyses involving topographic mapping, subsurface
investigations, testing, and detailed computational evaluations are
beyond the scope of’ a Phase I investigation; however , the
investigation is intended to identify any need for such studies.

Based up on the field conditions at the time of the field inspection
and all available engineering data , the Phase I report addresses the
hydraulic, hydrologic, geologic, geotechnic, and structural aspects of
the dam. The engineering techniques employed give a reasonably
accurate assessment of the conditions of the dam. It should be
realized that certain engineering aspects cannot be fully analyz ed
during .’a Phase I inspection. Assessment and remedial measures in the
report include the requirements of additional indepth study when
necessary.

Phase I r~ports ~knclude project information of the dam and
appurtenfrnces, ~ll existing engineer4ng data, operational procedures,hydraul1ic/hydro~ogic data of the wa1~ershed , dam stability, visual
inspec t~.on report and an assessment including required remedial
measures.
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PREFACE

This report is prepared under guidance contained in the Recomsended
Gui deli nes for Saf ety Inspection of Dams , f or Phase I Inves t iga t ions.
Copies of these guideli nes may be obtained f rom the O f f i c e of the Ch ief
of Engineers , Washington , D.C. 20314. The purpose of a Phase I investi-
gation is to identify expedi t ious ly those dams which may pose hazards to
human life or property. The assessmen t of the general condition of the
dam is based upon available data and visual inspections . Detailed in—
vest igaticn and analyses involving topographic mapping , subsurface
inve stigations testing , and detailed computational evaluations are beyond
the scope of a Phase I investigation; however , the investigation is
intended to identify any need for such studies.

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

It is important to note that the condition of a dam depends on
numerous and constantly chang ing internal and external condi tions , 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 some point in the future . Only through continued care and inspection
can there be any chance that unsafe conditions be detected .

Phase I inspections are not intended to provide detailed hydrolog ic
and hydraulic ana l yses. In accordance with the established guidelines ,
the spilLway desi gn flood is based on the est imated “Probable Max imum
Flood” for the region (flood discharges that may be expected from the
most severe combination of critical meteorolog ic and hydrolog ic conditions
that are reasonably possib le) , or fractions thereof. Because of the
magnitude and rarity of such a storm event , a finding that a spil iway
will not pass the design flood should not be interpreted as necessarily
posing a highl y inadeq ua te condi t ion . The desi gn flood provides a
measure of relative sp illvay capacity and serves as an aide in
de termining the need for mor e de tailed hydrologic and hydraulic studies ,
considering the size of the dam, its general condition and the downstream
damage potential.

t



PHASE I REPORT
NATIONAL DAM SAFETY PROGRAM

BRIEF ASSESSMENT OF DAM

Name of Dam: Upper South Lake Dam
State: Virginia
County : F a i rf a x
US(’.S Ouad Sheet: Vienna , Virginia , Maryland
Stream: Tributary to Snakeden Branch
Date of Inspection: May 30, 1979

Upper South Lake Dam is an earthf ill structure R50 feet long and 55.7
feet high. The dam is in a housing development owned by Gulf Reston ,
Inc. in Reston , Virginia . It is used for recreational purposes and
lake front development. The dam is classified as intermediate in
size with a high hazard classification . The spiliway is a 7—foot x
7—foot vertical shaft with a 4—foot x 4—foot box culvert through the

dam.

Based on criteria established by the Department of the Army , Office of
t )it’ (~ (~f 1)1 1~I~ I f l e ( ’ ? M  (OCE) , t lit ’ Sp~ I P 1 WJ I Y Drs gn El md I ~ t in’ l’Mi~ •
The sp i I Iwny wi l l pass 78% of the I’MF wit i i o t i t  overt 

~‘IW 
I Ii~~ t lIt ’ (l~ IIl l .  Tilt’

PMF will overtop the dam by 0.6 feet and will cause flooding in the
lower floors of the lake front houses. The spiliway Is therefore ad-
judged inadequate.

The visual inspection indicated that there was some erosion on the
downstream slope which needs correction. Seepage was also noted in the
embankment at the left abutment. A grouting program is currently In
progress with the intent of eliminating the seepage. It is recommended
that the owner , withIn 12 months , initiate a maintenance program to
Insure correction of the above items .

Prepared ~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~SElLER , P.E.

Deward M. Martin & Associates, Inc.

Original r .g,ied by

Submitted By: JAMBS A . WALSH

JAMES A. WALSH, P.E.
Chief, Design Branch

Original signed by:
Carl S. Anderson J rRecoTmnended By:_________________________________________

JACK C. STARR , P.E.
Chief , Engineering Division

Original sIgned by:
Approved By: ~~~~~~~ Leonard c. Gregor

DOUGLAS L. HALLER
Colonel, Corps of Engineers
District Engineer

SEP 2 71979
Date: -
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SECTION 1

PROJECT INFORMATION

1.1 General:

1.1.1 A ut h o r I ty :  Public Law 92—367, 8 Aug 72 authorized the
Secretary of the Army , through the Corps of Engineers to Init iate a
national program of safety Inspections of dams throughout t i it ’  Un i t ed
States. The Norfolk District has been assigned the respons ibility of
supervising tile Inspec t  I ofl of dams in  the  Commonweal t h of VI r~ lola .

1.1.2 Purpose of Inspection: The purpsose is to conduct a Phase
I Inspection according to the ~ _o~m_e~pded Guidelines for Safety In—

~~~~c-t ion of Dams (Appendix VI , Reference 1.) The main responsibility

is to e x p e d i t i o u s ly  Ide nt  f l y  those dams which may be a p o t e n t i a l  haz ard
to human life or property .

1.2 Project Descri ption :

1.2.1 Dam and Appurtenances: Upper South Lake Dam is a homo—
geneous earth embankment 850 fee t  long and 55.7 feet hi gh f rom the
crest of the dam at elevation 350.77 to the toe of the dam at eleva-
t ion 295.0 . The slopes of the embankment are 3( 10 :1(V) .  The upstream
slope has a 10—foot wide be nch at elevation 341.5. The crest of the
dam is 70 feet  wide and a 4—lane curbed road~ay is p lanned to run along
Its length.

The spillway consists of a 7—foot x 7—foot concrete riser structure
wi th a crest e lev at ion  of 340.0. The In l e t  st r &ic tur e  Is opened on
four sides to allow water to enter and each side Is equ ipped  w i t h  a
ba r screen to keep deb ris from f lowing Into the s t r u c t u re .  A 4— f o o t
x 4—foot concrete box culvert extends from the riser structure through
the dam to the outlet channel. An 8—inch diameter drain pipe runs
near the downstream toe of the dam and water  from i t  Is collected In
an 8—inch duct i le  Iron pipe which outlets to a manhole 170 feet dowr—
stream from the dam. There are two 24—inch diameter sluice gates in
the riser structure at elevations 330 and 312.5.

1.2.2 Location: Upper South Lake Dam is In Reston , Virg inia.
The dam is about 0.5 miles south of the intersection of Sunrise Valley
Drive and South lake Dr ive .

1.2.3 Size C la s s i f i c a t i on :  The dam is c lass i f ied  as an inter-
mediate  size structure because of height (55.7 f eet )  and a maximum
sto rage cap a c i t y  (1406 acre f e e t . )

1—1
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1.2.4 Hazard Classification: The dam is In the vicinity of
homes both upstream and downstream. The jower floors of the lake
f ront  homes upstream from the dam will be flooded as water approaches
the crest of the dam. Because of the potential property damage and
loss of life , the hazard classification is hi gh. This c l a s s i f i c a t i o n
is in accordance wi th Sect ion 2.1.2 of the Recommendtd__Ctiidel ln t ’s  f o r
Sa fe t ~~J~~~p e ct i o n  of Dams , publis h ed by the Department of t h e  Army ,
O f f i c e  of t h e  Chief of Engineers. The h azard  c l a s s f f l e . i t  ion used to
categor i ze  the t ams Is a f u n c t i o n  of l o c a t i o n  onl y and has  iioth ing to
do with I t s  s t a b i l i t y  or prob;ibl 11 tv of f a l l  or e

1 . 2. 5 (~~ner~~~I ’  : T h e  ti pper Sout  hi 1~ike Dam is  owned by Cu I I
Reston , Inc .

1.2.6 Purpose of Dam: The lake is used for recreationa l pur-
poses.

1.2.7 DesIgn and Construction History : The Upper South Lake
Dam was designed by M.issey Engineers of Fairfax , Virg inia , in 1970
and cons true ted in 1971 . There were c o nst r u c t ion cont  ro l te-~ t ~ taken
which  i n d i c a te d  soi l  c l a s s i f i ca t i o n  was Nl —Nll based on t h e  D a l i  led
So i l  C 1: in i i  I I  fea t I on  Sy n t  eni . i1i da :n was I IIHpeI t ( ‘( I by Seh i t i : i i ~u ’ 1  I - i i ~’ I —

nt ’er l n g  Assoc i a t t ’~ for a I’Ieise I r e po r t  in May 1978 an t I  I n  t ) • e e inhe r
1978 they a iso c o m p le t e d  a Phase TI  r epor t  . S • h i n ; i i ~~’ 1 Et ig I n~ er  I ng
As~ioe h i t  es ‘ su mm ary of cone I U~ ; I oi’s and rccommemsl ;i t ions  I roni t i m e  I r
Phase I and II reports are includ ed in App endix V.

1.2.8 Norma l Operating Procedures: The lake is used for rec-
reation . The pool level is normally maintained at elevation 340.0,
however, the level can be lowered manually to either eleva tion 330.0
or elevation 312.5 b y opening one or both of the 24—inch  d i amete r
sl uice gates .

1.3 PertInent Data:

1.3.3 Drainag~~Area: The dam controls a drainage area of 0.6

square miles.

1.3.2 Discharge at Dam Site:

Maximum Flood — Unknown .

Spil Iway
pool level at top of dam 422 c.f.s.

1.3.3 Dam and Reservoir Data: Pertinent data on the dam and
reservoir are sht;wn in the following table:

1—2
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Table 1.1 DAM ANT) RESERVOIR DATA

Reservoir
Elevation ______ Capacity

feet Area Ac re Watershed Length
Item m.s.l. acres feet inches miles

Top of Dam 350.77 72 1 ,406 44 0 .7

Spiliway Crest 340.00 40 813 25 0.4

Streambed at the
toe of dam 295±
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SECTION 2

ENGINEERING DATA

2.1 Design: The available information , in the office of the
owner, consists of plans prepared in 1970 by Massey Engineers and
Reports of Phase I & II investigations prepared by Schnabel Engin-
eering Associates in 1978. These reports were initiated to Investi-
gate loss of water in the lake.

*2.2 Construction: The following descri ption of the dam construc-
tion Is based on the May 25 , 1979 Schnnhel report to Gulf Reston.

The dam was constructed as a homogeneous enr th f  I l l  embankment
with 3(H):1(V) sl opes upstream and downstream. The cres t  I n  70
feet  wide , at e levation 340.0 , and wi ll eventua l ly  have a road
ac ross i t .  A clay core c u t o f f  t rench vary ing f rom 2 to 8 feet
was cons t ruc ted  a long  the c e n t e r l i n e  of the dam . R i r r a p  and bed-
ding was provided from elevation 338 to 341.5 on the upstream
face for slope protection and a 10—foot wide bench was formed
for a future Macadam path.

At the downstream side , a rockfill toe was constructed below ele-
vation 300.5 wIth bedding and riprap extending up along t i m t ’  down-
stream i~a r ti~ enuisu mi kmen to el eva t I on 31 2.0 for si ope prot ee t Ion
against  wave ac t ion  a f t e r a f u t u r e  lower lake Is impounded . Time
normal water ci ev~’ Ion of Lower Lake will he el ev;m t ion 300.0.

An 8—Inch diameter in terna l  drain p ipe was ins ta l led  to col lec t see-
page within  the embankment. The dra in  is located in the embankment
approximately 100 feet from the downstream toe of the dam (see Plate 3,
Appendix I). The intent of this system was to lower the phreatlc sur-
face at the downstream side of the embankment . This drainage line is
carried through a manhole lust below the toe of the embankment to a
discharge point in tile Snakeden Branch downstream of tim e site of a
fu ture (lower) dam.

*2.2.1 Geologic Investigation: The original plans for the dam ,
prepared by Massey Engineers of Fairfax, Virginia , and dated July 1970,
Include sixteen boring logs. The borings were made by Penniman and
Browne Engineers of Baltimore , Maryland . Figure 1 through 6 of Append ix
IV show the boring locations and the boring logs, as shown in the ori ginal
plans. All of the borings terminated in decomposed rock.

The depth to decomposed rock ranged from about 3 feet to about 18 feet.
The shallower depth were generally in the left (north) abutment area .
apparently, no laboratory or insitu tests were made in connection with
the borings.

*Informntion provided by Law Engineering Associates of Virginia .
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F ___________________________________

-: In June 1976, plezometers were installed to ascertain the nature of
seepage from the dam. Piezometric level readings were insufficient
I o iii ’ It t in humu S I ito extent a mul nat ure of the observed seepage nor was
a S Igum II Ictumu t c o rr ilat l i m it hi tw e~i’um t i ut ~ p l e x c u m ui e t  i It levi ’ I : u m m u t  l ak e  pie—

vat Ion d e t e r m i n e d . A summary of this study is included in the opera-
tiona l record.

Tn October and November of 1978, Schnahel conduc ted additiona l studies
both in the  f i e l d  and in the laboratory , to determine the source of
the leakage at the left abutment and to check the possibility of ex—
cesa~ive seepage under the dam . The additional studies included :

a. Field investigations

1) Dril l-lug of six test borings and soil and rock sampling
2) Field permeability test in rock formation
3) Installation of piezometers
4) Dye testing
5) Addi tiona l visual observations

b. Soils laboratory testing
c. Evaluation of the current conditions of the dam
d. Proposed remedial measures

The six additional borings were located as shown in Figure B.
Piezometers were installed in all six after boring.

T iut ’ fol lowing ner t -~nit of the field investigation results is based
t i n  t I t s ’  I~~~ , ’nmbu ’ r 4 , 1978 r epor t  f rom Schnab e 1 to Cmi i  I Hi’s ton , Inc

I ’ l e l d  i n v e s t  igations were conducted from late October to earl y
November in 1978. The weather was dry th roughout  this  period , and
had been for three weeks prior to the investigations. The lake
level was at about elevation 338 at the time of the investigations.

The test borings indicated the following embankment and subsurface
strata to the depths investigated :

Stratum A: From ground surface to Brown I t ue  SAN I)Y SILT
abo u t S to 29 ft. and sandy CLAYEV SILT
d e p t h  i n  Iinr I m m g s  (Ml. ), embankme nt FILL;
PZ —9 , 11 and 11 firm to compact density

(N— 16 to 49)

Stratum Al: From existing grade at Gray rock toe FILL
the toe to about 10 to
14 ft depth in Borings
PZ—7 and 8.

Information provided by Law Engineering Associates of Virginia.
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Stratum B: Below Stratum A or A—i Brown fine SANT)Y SILT
to about 25 to 35 feet and sandy C1.AYEY SILT
uIi ~ mt Ii , not i’us ouun tt ’rt ’d (MI.) wI t h ci I s t u t  .grntt’d
Iii her I ngs P>’.—8 , 9 and reek I ayers; I I rm t o
12. very compact (N— 9 to

47)

Stratum C: Below Stratum A , A— i or Brown DISINTEGRATED
B to about 12 to 40 feet ROCK , very compac t
depth , about 3 to 14 and hard density (N—
feet thick. 67 to 100/1”)

Stratum D: Below Stratum C to depths Brown and green highly
of all test borings , weathered PHYI 1 ITE

ROCK , hIghl y fractured
with disintegrated rock
layers; (core recovery —

21 to 100%. ROD — 0
to 58%).

Bedrock underlying the dam Is phyllite rock of the Wissahickon
for ma t ion , based on observations of the rock cores recovered . The
predomInant planar feature of the phyllite is its schistosity or
foliation , which (li ps in the rock cores from 30° to 80° from the
horizon tal. Observa t ions of outcrops downstream of the left
abutment indicate tha t the fo l i a t ion  strikes northwest , or about
perpenili cluma r to the centerlIne of the  dam. Rock Ouaiity Desig-
na tions (ROD’s) measured f rom the NX cores recovered ranged from
0 to 58%, Ind icating very poor to fair quality rock.

Most fractures or joints in the rock appear to be parallel to the
foliation . In core runs where recoveries were low , the cause was
app arently highly weathered layers or zones within the rock which
were washed out by the drilling fluid. Several excellent cores of
t h ese wont hered zones were recovered . These zones , wit I ch parallel
t1u~ lol fatten , represent zones of higher permeabil ity and would pro-
vid e d I r e c t seepage paths through the generally poor ctuality founda—
t I on  rock ~mf’ tIn’ danu

Field studies by ~ m : Iumt ; i i n ~ I Inc  I tided the recording of wate r loss or
gain during drliilng, and field permeability testing (the results
of these studies are included in Appendix V. Additiona l field
studies Included dye testing and the results of this study are
Inc l uded in the operational record . The results of these field
tests indicate ~hat average permeability of Strata C and D rock is
about 8.1 x 10 cm/sec which is much more permeable than the dam
embankment. Dye testing indicated that there was seepage through
the dam fou nd at ion .

*Information provided by Law Engineering Associates of Virginia.
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* 2.2.2 Add It Lona l Field (Thsi~rvat i ons : Wetness and numerous  little
ponds downstream from the rock toe were observed during the 1978 Inves—
Ign t Ion. Mo is termed cond I t Ions of the  embankment 1111 Immed fat ely

above t tie downs t reanm r i~
) rap i-mu ir f a t  &‘ we rt’ a I Sc) ohms.’ rved , part I cmi  In ri y

at  t h e  locations of observed transverse cracking. In additi on , water
was observed coming out of the rock f i ll  toe at quite a few places
a long  the base of the toe. Erosion at the interface of the embankment
fill and both the ri ght and the left abutments has apparently
worsened since the last field Inspection in May 1978.

* 2.3 Operationa l Record: Seepage at the left abutment and exces-
sive wetness downstream of the dam have led the owner, Gulf Reston,
Inc . to undertake several inspections and studies. The most recent,
conduc ted by Schnahel Engineering Associates , resulted in the following
cone ins Ions and r econ mmendat  i ons :

a. Time source of leakage at the left abutment has been deter—
itt I nod from t he drilling of P’/.— li , wit I ch Is inca ted wi t i m  in the
embankment and Is  about  1.5 feet  it I giter In ci evnt Ion than that
of time “spring”. The interconnection of seepage water below
the disintegrated rock between PZ—li and the “spring” caused
the drilling water and dye water in PZ—].l to flow out of the
“spring” under excessive water pressure from the reservoir.
The lake is therefore confirmed to be the source of this leak—
age.

b. The existence of seepage underneath the dam through the
highly fractured foundation rock has been verified from the
f o l l o w i n g  Inv e s t  I got Ion resul I ts :

1. Almost equal piezometric levels were recorded in
piezometers located at the crest just upstream and down-
stream from the core trench. This indicates the ineffective-
ness of the installed shallow core trench.

2. The excessive water pressure at PZ—ll which was about
1.5 feet above the existing ground surface.

3. Piezometric levels recorded in PZ—7 and PZ—8 indicated
about 1 to 2 feet above the base of the rockfill toe.

4. The general wetness and softness at areas downstream
from the rockfill toe.

5. The numerous locations in the downstream valley where
the dye water was observed. The dye water was injected
into the foundation rock at PZ—9 located upstream at the
crest.

*Tnformntion provided by Law Engineering Associates of Virginia.
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c. Engineering properties of both soil and rock materials have
been evalua ted by conducting both field and laboratory testing .
The results of these tests are included in Append ix TV. Both
embankment fill and overburden soils may he classifIed as sandy
ciayey silt to sandy silt or type ML according to ASTh 11—2487.
The.3mat erials also have an average permeabl 11 tv value of 1.5 x
10 cm/sec . The under l ying found;m t I on rock Is  phv 1 I I t  e rock
of time W I ss;mii Ickon forma t ion. The rock is genera l i v  hi ghi iv
weathered and highly f rae t tired to the dep t  ii loves  t I ga ted . Fur—
timurmore , the rock also possesses a prominent foliation wimich
st r i k e s  no r thea s t  or ahou~ pe r pt ’nc i l t ’uila r to time dam axis. Field 3
permcab fifty of 8. 1 x 10 cm/sec I or thi s h i  g u i  v frac tmirod rock
mass, or at least 100 tImes more permeable than the embankment.

After the reservoir was filled , seepage was observed from the left
abutment and immediately downstream of the dam . In June 1976, the
(~~ner of the dam , Gulf Reston , Inc., had five borings made in the
dam.  Pt e?Ometers were I n s t a l l e d  In these  b o r i n g s  and per lis I Ictis
readings taken for about two years in an attempt to ast’ert;,ln the
source of time seepage . P1 ;i to 7 in Append ix lv shows the I oc at ions
of these p iezometers , which are numbered I’Z—2 through i ’z— ~ An
inspection report prepared in May 1978 by Schnahel Engineering Assoc . —

for Gulf Reston , Inc . contained the fo l  lowing  sum mary of re corded
piezometric levels:

Piezometric Level Read ~~~~
Piezometer Ground Bottom

Holes Surface Elevations High Tow Fluctuations
(ft) (ft) (ft) (ft) (ft)

P2—2 352.0 312.0 317.0 313.5 3.5
PZ—3b 352.0 282.0 315.5 309.2 5.9
P2—4 352.0 292.0 311.1 307.3 3.8
n—S 352.0 292.0 317.1 312.0
P2—5 152.0 323.0 323 & 323 &
PZ—6 352.0 dry dry

(It should be noted that the lake level fluctuated between P.1
328 and El 340 for the period while the readings were taken.
However, no significant correlation between piezometric level
and lake -elevation was observed .-) -

*Informatlon provided by Law Engineering Associates of Virginia.
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Dye Tes t

Dye was poured Into t e s t  borIngs P7—9 and 11 prIor to the
Instol lotion of time plezomt’tc’rs to detect time possible existence of
undersecpagt’ through the rock formation below the dam. This also
so rvc’d tIme pu rpose of fum r t tue r ver I fyi ng the source of s(’epagt ’ at
the left abutment. The dye used was Sod ium Flourescein. This is a
dark red powder whose color changes to yellowish green when dissol-
ved into water. The original color is restored when the dye emerges
from the ground and it forms a very thin and light—reflecting film
over the ponding water.

The dye was pressure injected into Test Boring PZ—ll below the depth
where the loss of drilling water through the seepage area was obser-
ved. The dye water came out of the seepage area within five minutes.

Dye water was poured into test boring P7—9 earl y in the afternoon
on Thu r sda y , November 2, 197R . The first evidence of dye spotted
(iownstre:mm front the rock toe was on Sat u r d ay ,  November 4 , 1978 , which
was about  two days after is was injected . There were numerous places
within about a 200—foot stretch in the streambed below the rock toe
where the dye water was observed .

2.4 Evaluation: Based on the information obtained from the geo—
technical investiga tions conducted in 1978, it is recognized that a
serious seepage problem exists and that remedial action should be m it-
iated . These investigations have not considered the effect of the see—
page on the dam stability nor do they contain sufficient strength data
of time dam foundation and embankment materials to evaluate the stability
of the dam. ‘

*tnformation provided by Law Engineering Associates of Virginia.
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SECTION 3

VISUAL INSPECTION

3.1 Findings:

3.1.1 General: The results of the 30 May 1979 inspection are
recorded in Appendix III. At the time of the inspection the pool
elevation was at 340 feet m . a.1 . , which is about normal. Previous
Phase I and IT inspections were C onduic ted by Schnah e I Eng i n eer i n g
Assoc I mu tes in 1 ‘178. A mmumm nm a ry of t hue cone 1 tom I onmm :i mmd r em t , i uumnt ’ u t t l a  t I unit
of the reports can be found In Appendix V. ‘lime ground ad l muce ’ut to
time abutments was covered with grass and small shrubs . Surface ero-
sion, observed in time a rca of the loft abutment , was probabl y the
result of vehicles driving along the slope .

3.1.2 Dam: There are no obvious horizontal or vertical misalign—
mnents in the dam. At the left abutment about 30 feet below the crest
of the dam , seepage of about 5 gpm was observed . A p iezometer tube
was Installed by Sciunahel EngIneer , in 1978, just above t im is spot.
Wa ter Wa i-i observed over 11 owl tug tim Imt t tube m i t  I S I nc-’imos 111)( ’v d ’ t i m u ’  s u m r 1:u’ e .
Gui lies were formed in this area which are due to surface water. ‘I’ime
water flows al o n g  an earth road down time f;icm’ of tim e emhankmeti t mit tIme
abutment. Wetness and numerous little ponds downstream from tim e rock
toe were observed during the 1978 Investigation. Moistened conditions
of time embankment fill inmmediately above time downstream ripr .mi) surface
were also observed , particularly at the locations of observed trans-
verse cracking. In addition , water was observed coming out of the
rock fill toe at quite a few places along the base of the toe. Ero-
sion at the interface of the embankment fill and both the right and
the left abutments has ap p a r e n t l y  been wor sened s ince time last field
inspection in May 1978.

*3.1.2.1 The dam appeared to be in good condition . Time crest is
now serving as an unpaved road . There is no indication of settlement
of the crest of the dam. The upstream slope was covered with grass
and weeds. Small gullies were observed at several locations on the
downstream slope, mainly near the center of the slope and adjacent
to the road at the left abutment. These appeared to be created by
vehicular traffic . Some sloughing was associated with these gullies
indicating possible settlement and/or seepage. In some places , sand
was noted on top of the riprap .

At both abutments, runoff has started erosion where the fill meets
natural ground . The area downstream of the dam was damp for 200 to
300 feet although no flow was observed .

*Informa tion provided by Law Engineering Associates of Virginia .
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3.1.3 Appurtenant Structures: The outlet culvert has rocks in
the apron area between the wingwalls. The rocks reduce the capacity
of the culvert and simould be taken from the waterway. The toe drain
outlets into mm manhole below the dam and then carried by p ipe to a
point below the lower dam which is now being constructed .

3.1.4 Spillwmu y : The spiliway is a drop inlet type , 7—foot x
7—foot concrete vertical shaft , and is in good condition.

3.2 Evaluation: The areas where gullies were detected and
other signs of erosion should be repaired to prevent further deterior-
ation and action should be taken by the owner to eliminate the vehic-
ular traffic on the embankment and abutments. A grouting program was
in progress at the time of the inspection to eliminate the seepage
described above, however, it was not complete and the seepage was
still occurring.

3—2
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SECTION 4

OPERAT IONAL PROCED URE S

4.1 Proced ure: The reservoir is used for recreational purposes.
The pool level is normally maintained at elevation 340.0, however, the
level can be lowered manually to either elevation 330.0 or elevation
312.5 by opening one or both of the 24—inch diameter sluice gates.

4.2 Maintenance of Dam: Mowing is done by the owner. There is
presently a gr out i n g  contract in progress to stop the seepage t imroug h
the embankment and foundatIon m at erIa l . Surface marks of cars or mo t or—
eye 1 e~ reported to he m’v 1(1 en t , were removed mit the t 1m m ’ of h i  ~;p .’r I t u t u .
The dl r t road mi t the left abut t time ut s iuou I d hi.’ renmoved or barr I railed .
Time r i se r  s t r u c t u r e  and tim e 4—foot box c ulv e r t  appeared to hi’ In good
conditIon. The outlet for the box culvert , at the downstream toe of
the dam , was partially blocked by debris which should be removed .

4.3 Warning System: At the present time there is no warning
system or evacuation plan in operation.

4.4 Evaluation: The present grouting program will serve to
address the seepage problem. The road at the left abutment should he
removed mmmd dt’br Is mi t  t i m e  outlet of tiic’ pr Inc I Ntm 1 spill way sImon I d be
removed . A r o u t i n e  maintenance and inspect ion pro gram should  be
initiated to help detec t and correct problems which may occur .

.



- - - ‘-~ — ‘~ — - - -~ —---- - - - -  -

SECTION 5

RYDRAULIC/HYDROLOG IC DATA

5.1 Design: No data was available.

5. 2 Hydrologic_Reco rds:  None were avai lable .

5.3 Flood F~p~rience: No records were available.

5.4 Flood Potential: The PT4F and 1/2 PMF were developed and
routed through the reservoir by use of the iIEC—I computer program
(Reference 2, Appendix VI), and appropriate unit hydrograph , precipi-
tation , and storage—outflow data. Clark’s Tc and R coefficients for
the local drainage area were estimated from basin characteristics.
The rainfall applied to the developed unit hydrograph was obtained
from a U S Weather Bumreau Publication (Reference 3, Appendix VT).
Losses were e -~~t I nmm i t ‘d at an In ! t I a 1 loss of 1 .0 1 n c t m  m ind  a coim .m I mint
loss thereafter of 0.05 inch/hour.

5.5 Reservoir Regulation: Pertinent dam and reservoir data are
shown in Table 1.1.

Water flows over the spiliway to Lower South Lake in the event water
in the reservoir rises above elevation 340.0. The spillwav is a drop
inlet type , 7—foot x 7—foot vertical shaft. A 4—foot x 4—foot box
culvert from the drop inlet runs through the dam to the Lower Lake.

The storage curve was calculated by use of El S Geological Survey Quad-
rangle Maps. Rat ing curves were developed for time sp i i lwav  mi nd non—
overf low sect ion of the dam. In rout Ing hydrogrmupim s tiirou~ iu time reser—
vo l r , it was assumed timat the I nI tial pool level was m m t t is’ sp I i  lw av
crest.

5.6 Overtopping Potential: The probable rtse of the reservoir
and other pertinent information on reservoir performance is shown in
the following table:

S—i 
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Table 5.1 RESERVOIR PERFORMANCE

Normal Hydrograph
Items f low I / 2 PMF PMF (a )

Peak flow , c.f.s .
Inflow 3 ‘b ,Rt () 7,(~l9
Outflow — 420 1,631

Maximum pool elevation
feet, m.s.1. 346.2 351.4

Non—overflow section (elevation 350.77)
Depth of flow, ft (b) —— 0.6
Duration , hours —— 3.3
VelocIty , f.p.s. (d) 3 6

Tnllw;uter elevatfon ,
feet , m.s.l . 300+

(a) The PMF is an estimate of flood discharge that may he expected
from the most severe combin at ion of critical meteorologic and
hydrologic conditions that are reasonably possible in the region.

(b) Normal flow depth

(c) Normal f l ow velocity

(d) Critical velocity

5.7 Reservoir Emptying Potential: Two 24—inch diameter sluice
gates in the drop inlet spillway at elevations 312.5 and 330, respec-
tively, are available for dewatering the reservoir. The gates will
permit withdrawa l of about 110 c.f.s. with ti-m e reservoir level at
the crest of the spillway and essentially dewater the reservoir to
elevation 311 .5 in about 10 days assuming an inflow of 3 c.f.s.

5.8 EvaluatIon: Based on the size (intermediate) and hazard
(high) classifications , the recommended Spiliway Design Flood is PMF.
Tlm~ sri I 1 lw,,v m - ’ J 11 pass 7R °t of t i m e  T”tF m~ 1 tltr .tit overtopning tim e dim.
Time i’MF w i l l  overtop the diuim fo r  1. 1 h o u rs and reich a m m m x l  r immu m of 0.6
feet  over t ime ton of time dam , wi t i m  an av erage cr1 tlcal veloc I tv of 1.6
feet per second.

Conclusio ns n e r t a in  to present day c o n d i t i o n s .  The e f f e c t  of f u t u r e
development on the hydrology has not been considered .
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SECTION 6

STRUCTURAL STABILITY

*6.1 Foundation and Abutments: Soils found in the dam foundation
and abutments are generally clayey silts which are generally about 1.0
feet thick and overlying a layer of disintegrated rock which is about
3—14 feet thick. Bedrock consisting of highly weathered phyllite
underlies the disintegrated rock stratum . Both strata (disintegrated
rock and bedrock) mire highl y permeable. The cutoff trench generally
extended into time disIr’tegrated rock stratum .

6. 2 Emimbmu nkm t’nt

*6.2,1 The dam Is a homogeneous earth embankment constructed w i t h
ML — Ml l type u-m o I I  s . Time embatmknit’n t lu - i 850 fee t  long , 55. 7 f ’  t it I ght , mi nd
with a 70 foot wide crest. Time slopes of the embankment mire 3 ( u ) : 1 ( V ) .
The upstream slope hmm s a 10 — f o o t  wid e h mi . i m c i m  m i t  elev;i t ion 141 . 5 mind S
feet of r I prmi p be low a pa t im at tim Is ci ova t ion. Th ere Is a st omit ’ tim e
at elevation 300.5 on the downst ream s ide  w i t h  a f i l t e r  and r l p rap
extending from time stone toe to elevation 312.0.

*6.2.2 While the crest of the dam is w i d e r  thmmn usua l and t ime
rel ativel y flat slopes Indicate ml p r o b a b l e  stable d e s i g n , no studies
have been made to  c o n f i r m  t h i s  nor Is it known If ;mnv mmm i i yses wi re
performed in conn&’c t Ion wI tim t u e  o r i g i na l des i gn. Time effect of the
seepage at the left abutment and in time dam foundation and time poten—
tial for pip ing has not been eva l ua ted . Time cause  of t im e  d i~~p laccd
f i l ter beddin g under time downstream r i pra p has not been determin ed .
It is also unknown whether or not any stability analyses have been
per formed  for  th i s  dam t ha t  consider  time e f f e c t of the water level
of the lower lake.

*6.3 At the time of the dam inspection , a remedial program to
install a grout curtain at the left abutment and central portions of
the dam was :n progress.

*6.4 The dam site is located in Seismic Risk Zone 1.

*6.5 Evaluation: The visual inspections and interim Phase I and
II investigations have been adequate to determine the nature of the
observed seepmmge , The performance of the  g rout ing  p ro fr a rn  -in progress
should be monitored by a qualified registered engineer to determine if
any additiona l studies are necessary . The cause of the displaced
filter bedding material under the downstream ri prap should be deter—
mined . S tm ii m Ii I t y  armml 1 yses simou 1 d a 1 so be c ond in’ ted on time downs t re;mm
slope that consIder t ime lui f 1 uuence of iii gtm wmm t Cr leve l s I ruin tim e l ower
lake. These mini I yses sliotul d Inc I imde, but not he 1 (ml ted t o, mmii m i u i m m l  \ ‘ sm ’s
of r:m p f i t  mItmm w duwt m of lie l owe r I m ike .

*Informntton provided by Law Engine er ing  Associates of Virg Inia.
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SECTION 7

ASSESSMENT AND REMEDIAL MEASURES/REC~~~4ENDATIONS

7.1 Dam Assessmen t:

*7.1.1 The dam appears to be in sound condition except for minor
erosion problems on the downstream face, some improper bedding of the
riprap, the seepage at the left abutment and under time dam , mind rock
debris at time outlet of time sp illwm iy.

Eased on criteria ~stahlished by t i le  Department of t i l e  Army , O f f i c e  of
the Chief of Engineers (OCE), t ime  Sp i l i way  Des i gn Flood I s  t i m e  PMF.
The sp il iw ay w i l l  pass 78Z of the  P!’IF’ w i t h o u t  overtopp ing the d:mm .
The PMF will  overtop the dam by 0 .6  fee t  and wi l l  cause flooding in
the lower floors of the lake front houses. The spiliway is therefore
adjuc!ged i n a d e q u a t e .

*7,2 Reromnmended__Renmedlal Measures : A f t e r  t i m e  g r ou t  I n g  program ,
now in progress , Is comple t ed , time p e r fo rmance  of time g r o u m t i n g  pro-
gram shou ld  lie stud i ed by a r eg I st e r ed  engineer to det ernm h it ’  i f  m m n v
lm(I(l i t  Io t m ; m I stud I t ’ ’ ;  pr ~’ necessary .  S tah l  1 i tv  m m m i i  lvses ~h ioimi d iii ’ per—
fu, rtmi i ’d wim i elm I im .’ I tid e t h i ’  ef fir t i; of  f i t  I m ire ii  I 3’ hm w:i i’ r I i ’Ve I ;  o tm I I i i ’
dowims t ream slope. TIme rim I nor eros ion mm mid gull It’s oim time dit wum s t r~ - am
s lope  at the a b u t m e n t s  should  he r epa i red . Simould  s l o u g i m i n g  mind gu l l y
f o r m a t i o n  p e r s i s t  on t ime d o w n s t r e a m  s lope , ml i - m r o f e~~~ loi mmi l engineer
simould be retained to further stud y time problems .

It is recouivmended that the toe drain riprap be removed in several places
to determine if the filter bedding has been washed out. If it is evident
that the bedding material has been washed out , i t should be replaced as
necessary.

Since  i t  is a r e q u i r e m e n t  t h a t  st ab i  l i t y  a na l yses be a v m u i i m u h l e , i t  Is
recoumunended that such aialyses be performed by a registered en~ ineer.

*Info~~~tion provided by Law Engineering Associates of Virginia.
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Wa ter Loss or Gain During Drilling

Loss or gain of water during drilling at each test boring loca— —

tion was noted in the test borin g logs . The loss of water occureci
almost a lways  at the ~ontnct surface betw een variou s suhsurf ;icv strata ,
particularly at the conrac- t between Stra turn C and Strata H z I m i  I)

(disi nte grtst ed rock and h i g h l y  weathered and highly fractured piw— S

lu te rock , r e sp e c t i v e l y) .  Loss of water was also Indicated just
hi- low t lie (011 t f i c t  of S t rat u m  A (erth ii l~m ’nt f 11 1) and St r: It l I lA H

(natura l soil ~) in Roring P7— I 3 Roth P ’/ — 7  und P’/.—H 1 1141 h I t  -d t i l l ’

loss of water while drilling through Strata B and C . However , water
was regained in both holes when coring in Stratum C (rock).

The amount of flow seeping out of the area located just east of P7—li
was monitored closel y during the drilling of P7.—il . The flow was
steady during drilling to a depth of 27 feet. At the same time , no
water was observed within the hole• However 4 the seepage flow was
Immedi atel y increased as soon as the d r i l l i n g pro ceeded below 27
feet. From the test boring log4 the 27—foot depth Is about 2 I et’t

S below the top of the disintegrated rock surface . A pparent lv be l ow
this level joints are present in the rock which permitted the drilling
water to flow laterally to a critical point where an upward flow
eros ion channel had been c-stahl fslk’d in the past under tl~e Id gh pci zo—
metric pressure from the reservoir. The drilling water was tIll -n
forced up under this a d d i t i o na l  pressure head and exited t o g c - ( lI~-r with
seepage water at the leakage point.

Field Permeability Test Results

Variable head field permeability tests of the rock and the
disintegrated rock of Strata D and C were conduc t ed at  the completion
of each test boring prior to piezometer installation . In most cases,
casings were driven to near the top of the Stratum C material
(disintegrated rock). Water in each boring was bailed to a depth as
low as possible. In Borings P7.—i, 8 and 11, the inflow of water
after bailing was so fast that it made the bailing extremely diffi-
cult. However, a reasonable differential head was introduced to
permit testing .

The test results were evaluated by using various formulae listed on
Page 7—4— 9 of MAV ’FAC l~M 7 ilanual. These tests were conducted with
3—1/2 inch casings seated into the upper regions of disintegrated
rock of Stratum C, and after each hole was completed to the lowest
level penetrated. The computed coefficients of perm eabilit y , which
represent average permeability values of both Strata C and D rot-k,
were as follows:



-~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~ 
- -

Boring Coefficient of Pemreability, k
No. (cm/sec )

P7—7 6.0 x 101
P7.—S 5.1 x 10 4
PZ—9 3 1  X 10 2
PZ—ll 2.4 x 10

2
PZ—12 3.4 x 10

3PZ—13 9.9 x 10~~
Average all tests 8.1 x l0’

Data on Materials

Available data on the embankment material properties has been sum—
marized in the May 25, 1978 report from Schnahel to Gulf Reston.
This summary is as follows:

Graduation Test

Unifi ed Soil Classification : ML—MH predominantly
Percent Passing No. 200 Sieve: 69 to 80%
Liquid Limit: 40 to 537.
Plastic Index: 9 to 21%

(One sample indicated to be nonpiastic)

Density Test

Laboratory (ASTM D—698, Method A)

Average Max. Dry Density — 105 pcf
Optimum Moisture Content — 18%

Field

Average Dry Density — 100 pef
Average Moisture Content 20%
Average Relative Compaction — 95%

~ 
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I. SUMMARY OF CONCLUSIONS AND RECOMMENDATIONS — PHASE I

Based on the engineering data contained in this report, the following

summary of conclusions and recommendations is presented ,

a. The upper dam of Lake Elsa may be considered in the intermediate

category since its maximum height is 60 ft. We considered the dam to be

of a high hazard classification as there would be excessive and extensive

economic loss to the community both upstream and downstream of the dam.

b. The contract drawings and technical specifications for dam were re—

viewed for conformauce wLLh generally accepted principles of eng i neering

Practice . Our review of design and construction documents, and visual

Inspection of the dam did not reveal any seriou~ deficiencies except the

S 
following:

1. Minor transverse cracking over downstream embankment surface.

2. Suspected minor underseepage problem near and below downstream tot-

of the dam. -

3. The sand filter beddi ng is located at the sur face instead of being

below the riprap at the downstream 8lope.

4. Rocks accumulated within the end waUstructure of box culvert.

5. Minor erosion at the upper elevation of kipstream slope protection.

- 6. A spring located at about El 330 at the interface of the embankment

and left abutment which is suspected to be the seepage water from

reservoir. S

c. The lake level rising study made by Massey Engineers—Consu ltants

indicates that the drop inlet spillway has the c~pac ity of passing either

a 100—year flood or a problem maximum flood (PMF) without overtopping the

dam. However , under a PMF condition the reservoir will rise up to a level

to cause first floor flooding for houses along the shoreline. The dam

will also only have 0.88 ft left as freeboard under this PMF condition. - ’

SCHNABEL ENOIP4URINO AS$OCIAT~ S
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d. Recommended measures for correcting the unfavorable conditions

I 
- arc presented in Section VI of the report. These reco enda tiona

arc sunu narize d as follows :

1. Transverse cracking should be sealed off by itself once the

settlement is completed . These crackings will not impose any

danger for this low head , wide crest, and relatively flat sloped

homogeneous dam.

2. Install 2 to 3 piezometers on the downstream toe to observe

the exit water h1rt~8uure in order that the existence o( cxceuuivi-

pressures In the rock joints can be either verified or disprovtd .

3. Resurface and redress the downstream slope including the areas

where transverse crackings occurred and-the r iprap slope protection

and filter bedding.

4. Raise the upstream riprap by one foot to El 342.5 for slope

protection against wave action.

e. The- recommended procedures to locate and verify the source of the spring

at El 330 are presen ted in section VII of this r eport. The corrective

measures including field exploration and grouting operation are beyond the

scope of this study.

1. The following recommendations and further studies were also suggesu?d

in relation to the lake level raising study.

1. Raise the crest elevation of the dam to El 351.77 such that a 1t88

ft freeboard may be attained for the dam under a PMF condition.

2. Study the possibility of constructing adàitional discharging fa~ i1i—

tien , e.g. an emergency spillway , to prevent’ the houses from flooding

under a PMF condition . - I

g. A risk analysis should be considered on the lower dam and reservoir area

considering the most severe condition, i.e., if the upper dam were over1.

topped.

SCHMABEL ENGI NECRI N O ASSOCIA TES
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We have prepared this report in accord ance with generally accepted geo—

technical engineering practices, and make no other warranties , either expressed or

imp l i ed , as to the professional services provided under the terms of this agreement

and included in this report.

SCHNABEI. ENGINEERING ASSOCIATES
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I. SUMMARY OF CONCLUSIONS AND RECOMMENDATIONS - PHASE II

We have reached the following summary of conclusions and recommendations

based upon the engineering da ta collec ted during Phase II investigation and pre—

scuted In thin report.

a. The source of leakage at left abutment has been determined from the

drilling of PZ—ll, which is located within the embankment and is about

3.5 feet higher in elevation than that of the “spring ” . The interconnec—

tion of seepage water below the disintegrated rock between PZ— ll and the

“spring” caused the drilling water and dye water in PZ—ll to

flow out of the “spring”.under excessive water pressure from the reser-

voir. The lake is therefore confirmed to be the source of this leakage.

b. The existence of seepage underneath the dam through t e highly frac—

tured foundation rock has been verified from the following investigation

results:

1. Almost equal piezometric levels were recorded in piezometers

located at the crest just upstream and downstream from the core

S 
- trench. This indicates the ineffectiveness~of the installed shallow

core tr~mch. I

2. The excessive water pressure at PZ— l1 which was about 1.5 feet

above the existing ground surface.

3. Piezotnetric levels recorded in PZ—7 and 8 indicated about 1 to 2

- feet above the base of the rockf ill toe.

4. The general wetness and softness at areas downstream from the

rockfill toe.

5. The numerous locdtions in the downstream valley where the dye

water was observed. The dye water was injected into the foundation

rock at PZ — 9 located ~upstream at the crest.

c. We have also cvn1~iat 4d the engineering properties of both soil ~ncI

rock materials by conducding field and laboratory test ing. Their results

-— ~~~~~-—— —— SCHNApEI. ENGINEERING ASSOCIATES
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are presented in Sections III and V of this report . Both embankment fill

and overburden soils may be classified as sand y clayey silt to sandy silt

or type ML according to ASTM D—2487. The materials also have an average

i’c’rmenbillty value of 1.5 x l0~~ cm/sec . The underlying foundation rock

is phyllite rock of Wissahickon formation. The rock is generally highly

weathered and highly fractured to the depths investigated . Furthermo re ,

the rock also possess a prominent foliation which strike s nort hwest or

about perpendicular to the dam axis. Field per meability tests indicated

an nv’rage coefficient of per rnea b iltLy of 8.1 x cm/sec for this

hi ghly fractured rock mass , or at least 100 time s more permeable than ~he

embankment.

d. Remedial measures fot this upper dam are presented in Section VII .

The remedial work should ~include the installation of a grou t curtain in

the left abutment and cerft ral portions of the dam at the location shown
-

- on Sheet 3 , and the area Dgrout ing around the leakage point if required .

General requirements of grout holes , grout materials , and grouting pro-

cedures were included in th e same section .

e. Other corrective mea~ ires, as addressed in our Phase I report , to -

correct the unfavorable physical appearance of the dam should also be

implemented.

We have prepared this report in accordance with generally accepted

gdotechnical engineering ‘practices , and make no other warranties, either

expressed or implied, as to the professional services provided under the

terms of this agreement and included in this report. -

We would recommend that the project specifications for remedial work

contain the following ata~tement:

— —  —- -— —--— SCIINABEL ENGINEERING ASSOCIATES -
( - — 
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“A gent t ’cbn l c:il en g in ee r ing  report ban been pr epar ed for this
pt-eject by Sc-Iin:ihi•l En g in ee r ing  Ausoc I i t t ( •a  using  the guideline
of Dam Safety Inspect ion Program prepared by Corp s of En gi—
neers. This report is available to prospective bidders for
.Llllormatlonal purposes onl y and should not be considered as
part of the contract documents. The opinions expressed in
t Ils repor t  art’ those of the geotecitnical engineer and repre-
sent his interpretation of the subsurface condi tions, field
observations , tests , and the results of analyses which he
has conducted . Should the data contained in this report not
be adequate for the contractor ’s purposes , the contractor may
make his own investi gations , tests , and analyses for use in
his bid preparations. The report may be examined by bidders
at the owner’s off ice or copies may be procured from Schnabel
Engineering Associates at nominal charge .” S

Tent boring data as shown by Dr awings V78391- 1 and —2 should be included

in the con trac t documents and made available to prospective bidders.

ICHNABEL ENGINEERING ASSOCIATES
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