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20. Abstract

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. 20311$. The purpose of a Phase I investigation is
to identify expeditiously those dams which may pose hazards to human
life or property. The assessment of the general conditions of the dam
is based upon available data and visual 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.

~~ ased upon 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 analyzed
during a Phase I insp ection . Assessment and remedial measures in the
report include the requirements of additional indepth study when
necessar~ q

Phase I reports include project information of the dam and
appurtenances , all existing engineering data , operational procedures ,
hydraulic/hydrologic data of the watershed, dam stability, visual
inspection report and an assessment including required remedial
measures .

L. 
_ _



- -

~~ Stc&~~i~TY CLA$SIr,CATION OP THIS PAGE (~~~a’ D~~. Ent.,.~~ _________________________________

n~~~ i~ør IIilebJl ATIrtLI DA(~~ READ INSTRUCTIONS
I~~~J JF% R ~~~~‘..U Ifl L.I1 I ,~i I ‘.PI’i I- ~~~~~~ BEFORE COMPL.ETZI4G FORM

1. REPORT NUMUER ji GOVT ACCESIION NO 3. RECIPIENT $ CATALOG NUMIER
VA 17911 1 ______________________________

0. TITLE (aid SubUU.) 5. TYPE OF REPORT 6 PERIOD COVERED
Phase I Inspecti on Report
National Dam Safety Program Final
Aquia Dam 

5 PERFORMING ORG. REPORT NUMSER
Stafford County, Virginia

7. AUTHOR(.) S. CONTRACT OR GRANT NUUSER(a)

Deward M. Martin & Assoc . — Paul Seiler , P.E. Devard — DACW 65—78—D—OO15~
S. PERFORMING ORGANIZATION NAME AND ADDRESS - - 10. PROGRAM ELZMENZ PROJECT..TAS,c

ARIA 6 WORK UNI T NUNRIRI

II. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

U. S. Army Engineering District , Norfolk 
NUMBER OF

803 Front Street
I4~~~~~~~~~~~N.~4GE~~~~~~QME a AODREU(SS ~~lIocaiI h o .  Caieaiu lln4 Oh io.) IS. SECURITY CLASS. (ol hi. mpo,,)

Unclassified
ISa. DECLASSIFICATION/DOWNGRADING

SCHEDULE

$6. O STRISUTION STATEMENT (.1 hi. R.poIl )

Approved for public release; distribution unlimited . -

I?. DISTRISUTIO$ STATEMENT (oh lb. ck.Ie.cs .. t ,.d Si, Block 20. II dUl.r.ni f rom R.po,t)

IS. SUPRL EME$TARY NOTES

Copies are obtainable from National Technical Information Service ,
Springfield , Virginia 22151 -

$1. CIV WORDS (C.niMua ai ,ocm.. .Me St n•c..o.p aid id.ntily by block uaibir)

Dasm - VA
National Dam Safety Program Phase I
Darn Safety

fism Inapeet~ion 
_____ _________

26. A~~ TNACT (~~~t~~~s — ... o. id~~ if ~~~~~~~~~ Sd..sfly b~’ block maib.)

(See reverse side )

DO , ~~~~~~ 
1473 EDITION OP 1 IIOV IS IS ODSOI ETE

tTni~1~~*(fi mu
SECURiTy C$.AUIPICAT?ON o~ ThIS P A E  (~~~~~-DIi. LINred

- 

----

~~

-.



~~~~~~~~~~~~~~~~~ -, - -
—~~~

. -
~

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

0

PHASE I IN SPECT ION REPORT
NAT IONAL DAM SA FETY I’Rn(;RAJI

AQUIA DAM - LAK E SMITH I MPOUNDMENT
STAFFORD COUNT?, VIRGINIA
INVENTORY NO, VA 17911

~~X~~~~sion For

Un amiounced
iricatiO~~~~~~~~~~~

i Avail ai~d/Or

Diat . spec~ial

~



r ~~~~~

—‘

~~

- — 

~

-

~~~

- -

~~~ 

- -- —
~~~~ F~ 

—
~
-- -- - --—.-.-----.-- .-. - — --- -—- .— --...

I

POTOMAC RIVER BASIN

NIIIIIE. of Dam : AquI .~ Dam — Luke Smith impoundment
Location : Stafford County
Inventory Number: VA 11911

PHASE I INSPECT ION REPORT

National Dam Safety Pro gram

Prepared fo r

NORFOLK DISTRICT CORPS OF ENCI NEERS
803 Front Street

Norfolk , Virginia 23150

By

Deward N. Martin & Associates, Inc.
January 1979



— 

- 

~— -,—-.--,--- -----.-.-- -—-- - - -- -~ -~~~~ -~~---~- — -,-.. . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — —V---- -—

PREFACE

This report is prepared under guidance contained in the Recoi~~ended
Guidelines for Safety Inspec tion of Dams , for Phase I Investigations.
Copies of these guidelines may be obtained from the Office of the Chief
of Engineers, Washington , D.C. 20314. The purpose of a Phase I investi—
gation is to identify expeditious ly those dams which may pose hazards to
human life or property. The assessment of the general condition of the
dam is based upon available data and visual inspections . Detailed in-
vest igation 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.

In reviewing this report , it should be realized that the reported
condition of the dam is based on observations of field conditions at the
time of inspection along with data available to the inspection team . In
cases where the reservoir was lowered or drained prior to inspection , such
action, while improving the stability and safe.ty.of the dam , removes the
normal load on the structure and may obscure certain conditions which
mi ght 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 constantl y changing internal and external conditions, and is
evolut ionary 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 cont inued care and inspec tion
can there be any chance that unsafe conditions be detected .

Phase I inspection s are not intended to provide detailed hydrolog ic
and hydraulic ana lyses. In accordance with the established guidelines ,
the spiliwa y desi gn h ood is based on tile estimated “Probable Maximum
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
magni tude and rarity of such a storm even t , a finding that a sp illway
will not pass the design flood should not be interpreted as necessarily
posing a highl y inadequa te cond ition . The design flood provide s a
measure of rela tive sp il ivay capaci ty and serves as an aide in
de termining the need for more detailed hy drolog ic and hydraulic studies ,

• considering the size of the dam, its general condi tion and the downstream
damage potential .

1.
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PHASE I REPORT
NATIONA L DM1 SAFETY PR(ERAJI

N~InW of’ Drim : Aqisl is I):im , Laki Smith Impoundment
St iiti : Virginia
(:(‘ Iinty : S ta f fo r d
~.1 ri•:Iiii : Aqut :a ( :r(.( k
I)~tI i i i i  iII?IJ)e(-I- Ion : December 4 , 1 97R

A it ,I :i (:r~’~ k i ) ; ut , i , cr e at i n g  Situ I I I  i , ;ii ’ r , € ‘Wti vd hy A9III:I S.inltary I) is—
r i t t  , St ;i I Inrti County,  is an &art h emhani&m , nt  I , 600 feet long and
65 feet h i gh  loca ted  a h a l f  m i l e  wes t  of 1—95 near Carrisonville ,
VI rg n I:u . ‘ l i i i  p r I n c  1 pa l  sp 1 11 way Is :i wi I r r I ;er wit Ii a 60— 1 nrh  (h a—
mi L e  r 01st h t p I p~ . T he coni ri i t • O~ • .5. III. rg 1W V ~I’ I 11 Was’ • bus Ii t In
1973 , 1 l (t() t , .,~~ wide with 7—foot high  w a l ls .  Visua l inspection
rt vi ;u 1 •d I i~ * ii r a I ,su rust ed  and si 1 t d wit Is ci av, ero~; ion tinder the

• • ‘  u ss r  r~ I .  • •ui ~ ~~~ is V 
~~ 

II iway , and rock dt hr Is In the ilnwnst ream channel.
TIse I 9 7’ Trop I e;u I St orm Agnes I l ssv(I  I- hr oi ,gls A qu Ia Creek canal ng 1 nsa
ol e u r t I, sI I Iii I e f t  end of thit (lam I u I  I 11(1 I is~ the (‘mi rgency ~~ II iway.

:; u u f  I I i  I~~i s t ;‘ u u  I O}~ Iral data arc not ~uva I l;shl e to evaluate the ata—
I i l l t v  of th rinb:inkment. The emergency spiliway will pass 51.2 per—

I i i  of l ’1I~ ;,,i’I I ; rated seriously inadequate. Overtopping of the
u~~t i r ~”ni v p 1 1  Iway w i l l  begin at 19 perc ent  of the ~1F and will

i t s - ; .  I a l l  t ire of the ad ltWe nt embankment

• • Ti us ’ owner sh ou ld , at h is  expense , have soil samples taken of the
embankment anti  analy sed to dete rmin e  t h e  s t a b i l i t y  of the  embankment ,
~~~ ahl  I s-s it th.~ de’; Ign • provide for protec ti on of the embankment ad—
I : ur , - nt  t o  I Is.. emergi nrv  spill way, repair toe drains to operate as
iustiusilvu I , and provide a warning system to alert downstream residents
In case of emergencies. The owner should provide a schedule for the

• above items with in a period of three (3) months af ter date of the
release of this report, and have the work completed within twelve (12)
months thereafter.

Submitted By: Prepared By:
• O~i~~nal signed by~

• -- 

JAI S A. WALSH 

~~~~~~~~ ~~lAMES A. WAl SH , P.E. PAUL SElLER , P.E.
Chsief , Design Branch Deward M. Martin & Associates, Inc.

R u’commend ed By: Approved By:
Original signed by:.

C- - i-  . . .  - -, r~~ned 1iy~ • MMK - 
~~

-
• • ;.~~~ ~~~. G~)ODWIN 

Douglas L.c Ealler~
ZANE M. (‘.OODWIN , P.E.  DOIJ(1.AS L. HALLER
Chief , Engineering Division Colonel , Corps of EngineerM

District Engineer
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AQUIA CREEK DAM
(SMIT H LAKE)

• SE CTION 1. PROJ ECT IN F ORMATION

I . I C t - u s - r ; s  I

1.1.1 Anthoriçy : I~uihl ic Law 92—367 , 8 Aug 72 authorized the
Secretary of the Army , through the Corps of Engineers to Initiate
a national program of safety Inspe ctions of dams throughout the
United States. The Norfolk District has been assigned the respon—
s I b i ll t y ol -~~ upervis I ng the Inspect I on of danus In the Commonwealth

• of V Ir~~l t s l t .

I . I . - I i i  t i  s i l  I I c;~t i - i  I h i ’ ; i  l i s t  P i t t  Iii i so .  Is L i i  i-iiii.Itj i I a
• I’Ii ,i~;v I l it - p i t  I (t i n  at i-is ril I II~~’~ t o  t hu e R t -consnh i .n ( le ( i  (~ i Id t ~1 I rit s Ii i r

Safety T us 1 uii l Ion of fl:ims (Appendix VI , Reference 1). The main
responsibility is to expeditiously identify those dams which may
be a potenti al hazard to human l i f e  or property.

1.2 l~r j - ~~j~~~yfpt_I~~~:

1.2.1 l).u,n and Appurtenances : Aq u la Creek Dam , impounding
Smith Lake, Is an earth embankment approximately 1600 feet long
and 65 feet high from the top of dam at elevation 90 to the out-
let invert at the toe at elevatIon 25.2. The trp of the clam Is
20 feet wide . Side slopes of the dam are both 3:1. Located at
the left abutmc .nt , there is a concrete emergency apiliway 160 feet
wide with side walls 7 feet high. The inverts of the emergency
splliway are elevation 76.5 at the upper end and elevation 31.5
at the lower end . There are 8—inch diameter corrigated metal
drain pipes at the toe of dam whEels arc silted shut.

• The norma l flow through the pr  Inc i pa I sp il Iway is through a
t-nhii -rete weir riser intake structure located approximately 100 feet
beh i nd the dam. This structure c o nt a  l i-i s the lake drain valve oper—
;sted manually. The no rmal  o v e r f l o w  leaves t h i s  st ruc tu re  through
a 60— I nt-lu ~I I :smet i r ph p.- ous t  let t I iu~ a I t lit lo t  of the slope towa rd

- ,  t ho Ii i  t t u t u  of  I Isv tl;s,iu

The downs-u re sin out let channe l Is Aqus i a Creek , a st ream about
50 fret wIde wI th a high h an k  t o  t h e  north side and a bank approxi—
mat t. I y 4 feet hi! gh to the south. Tli I s hank has additional height
ch it- to the b rat ion of an embankment da m structure for the sewage
h a  ~~ . o u t s . t i n • a - ~; I ad ge ponds  ire I ,  h i -  r~ movvd in  t h e near
l~~t ti n ’. AI,osit I ,500 feet downs-st reatis front the nam is Interstate
Route 95 wh lrh i spans the stream. The community of Aqusia , Virginia,
is approximat ely 3,000 feet downntre - ; im fro m the dam where the
stream has a sh arp turn j ust  before  it touches the community.

1 
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1.2 .2 Location : Aqu la  Creek Dam is located west of 1—95 and
i t t  the G i r r i s o n v i  l i e ’  ex i t  on Rotate 6 10. Fob low Route 610 for

0. i-~ m l  I --s i i  )~ i i i i I  . 659 turned l a t e l y west aisd adjacent  to Mon cure
I s i s  is t o  the righ t onto Route 659. This leads to the en—

t i - an t - c t o  I - ii - ~ S m i t h  at the Water Treatment Plant , a dis tance of
- i h ipt .. ~ l i i .  - I v I . 1 tnt  len .

1.2.3 Size Classification: This dam is classified in the in—
termedl—n e category by height (65 feet) and storage capacity (5 ,598
Acre ft- i t )

1.2 .4  If ;szard C l a s s lf i c at I o n : T h I s  dam in located 1/3 mi l e
ta p sI  r.’a ni f rom I ~~~~~~ s-it r im . -  t i m  r i - s (IV.-  r At 1 i i i  a Crc.i k and 0.6 nail es 11$)—
it  s. sm S i  t i l l s  A i p u  h a , V I r g l  ii I a , a t t i i s , a n u i i i  I i  y I t s  .-~~t - t — s~ oF 7() hiot iu .~~.• l b c i  ; I s ~ - l  I I  I c u t  Ion of this uI:sai, is  I n  L i i .  h i t  gh s hazard ci :iss I ii n i —

I I i ’ s ,  I i i  ;ii i - i i i  l i , ~~- i -  w i  th u Si - i t lofl  7 . 1  .7 i i i  S Is.- R i ’t -nmmi-n . l r . l  G i m l i l i - —
I I  i i i ” s  l i i  

• ~~a S i i  y Ii i :ap ei t h u t  i i i  I L s u a - a , pii l s t  t l 4hs ( - t by t h e  lh’p~s r t m i ’n t
ot  t Ii .  A a m y , 1) 1 I Ice of t u e  Chief  of Eng ineers. The hazard c i a s st —
finaL Ion used to categor ize  the dams is a func tion  of location only
and has n o t h i n g  to do with Its s t ab i l i ty  or probability of fa i lure .

1.2.5 Owner
~~ja: Aquia Sanitary Disu~1ct , Sta f f ord Coun ty,

Virginia.

1.2.6 Purpose of Dam: The dam creates Lake Smith , the source
ni w at e r  fo r  th e  W ater  Treatment  Plant  of the Aqula Sanitary Dis—

n i t , ~ t a t  forth C o u n t y ,  V i r g i n i a .

1 . ‘ . 7  l)t- ’; i 1~n and C o n s t r u c t i o n  Hi s to ry :  The Aquia Dam was
- I i - ; i ~ - i a - d  b y M a r t i n , Clifford & Associa tes, S taf f ord , Virginia , now
k ia1 wn as G i l b e r t  W . C l i f f o r d  & Associates , Consultants from Fred—
ericksbum rg , Virginia . Plans are on f i l e  wi th  the County,  however ,
no r i b  c u m i m t  Ions are available. The dam was const ructed about 1969
and a con cr et e  spiliway was added as a repair measure , after Tropi—

• i - ; s l Storm Agnes , In about 1973.

1 . 2 . 8  N nit ‘rating _Procedure: ‘I he County employees main-
t a i n  a su r v e il l a n c e  of the dam in the course of t hei r dut ies of
0 15-rat  ion of th e  water treatment plant. There Is no record of ob—
s i - rva t i on s  a v ai l a b l e .  The drain valve for  the lake has not been
opened for  about 8 years and was not operated by the owner during
the inspection due to the concern that it might not close completely.

1.3 Pertinent Data:

1.3.1 Dra in age_Area : The dam controls a drainage area of
55.29 square m i l e s .

3 .2  I ) I s 1sarj ~e of 11am Site: M a x i m u m  known flood at the dam
was at  t h e  t i m e  of the Tropical  Storm Agne s in 1972.

I . i . s  i’:,~~~~.nry SpIilw:~y: Poo l leve l at the top of the spill—
way 1~ /6.5 MSL. The discharge with water at the top of the dam is
26,600 cfs.

2 
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1.3 .4 Dam and Reservoir Data:

D;ut t P e r t i n en t  to tise datis asud reservoir are shown in the
l o l  l o w i n g  t ab le :

Table 1.1 DAM AND RE SERVOIR DATA

RESERVOIR

ITEM E l e vat i o n  Are,s Acre Water shed Length
F t . ,  mal Acres Fee t Inches Miles

Top of I ) : i iua 90 241 5598 1.90 3.8

Pu?. - t gi - I i .  ‘I ;‘ I I I way  - S I 72 3938 1 . 34 2 • 7
P r in c i p a l  Sp i l i w a y  Crest 70 141 2938 1.00 2.3

Stream bed elevation down-
stream 2Sf

3
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SECT ION 2. ENC h NI- I-~ I NC DAT A

2 . 1  1k-sI gn:  The owne r iurnlslm.-d p l a n s  of the conc rete sp i l l—
• 

- 
way and the plans for  the orIginal dam. There are no design cal—

* c u l a t l o n s , s p e c i f i ca t i o n s  or b o r i n g  i n g s  ava ilab le .

• I - h (~~~c, I o~~tt’ Svttin ~ i i i  the 11am Sit e :  The dam Is I neat  i’d
— 

• isi- .ir  I ii. - “1:1 1 I I h m u — ’’ h u - t  w i - i - s m  t Iii- ( . , ; i t i t  a h I’ I :1 in  :in(I Ph.’dmnont h ’Ii y sl o—
r. i .i~’Is I I ’ m i u v  I i i i . - - a  . l I s t ’  isp ~s-r  I I u t  t a t a in Is.’ ar e— u gent—r at I I y
t u t u i t i  I t a t  n i t S  a t  k u u t ;  Ic uaisthi-a , g rave  I s  n ail  . . l ay s  of the l’u i t u x i — n L  For—
tms:a t l u s t .  S l i t - - ; . -  Coastal Plain depos I t s  are under la in  by metainor—
p u t  used I gin otms hi t m s  ions of q u m: i  r t z -

~~~ ( c a i s s l r u c t l o n :  The dam was constructed by Moore , Kelly
• usiutl U i - u I u I  I ~~ 

( i S I S  I r a ( -  t o rn , no longer  I n  h u m s I ness • There art ’ no data
&I V iI  I I  a lu  I t -  ou t t lit - ci,flst ruc LI (in.

2 . 1 r i  I I on St :1 t i n  rib ( :ot m , s t y (lot ’ !; not h iave an emp I nye.’
a - - - I ;~ s u u  -d I i i  I I t i in.- to  opt’ r a t e  t hue da rn .  T h e  t r ea tmen t  p 1 ,int  pu mps
w i t ,  - r l i t  r r i - i l  ,uc ’flt  I noun Sit s I t  Ii I ;u k , -  — Any ot lie r opera t I nun a ri-
h i t s - I l  c i  - - u s c - u - t i c - c t  . The I ;uke dra In v a lv e  was not operated at the

i i i  o l  I i i ; ~ s- u - t ion  and has not been operated f o r  8 years  according
t o  t h u c  t i - I t  i - - i -  li t a t  l ye- of t i m e  Owner at  th se  t i n m e  of in s p ect i o n .

2.4 Evaluation: Engineering des i gn data was not obtained.
Si  ti ~ .- a ~u nt n Ian  I ca 1 invest i gat ion was e I t her not per formed or

I i i  - ri - u s  I t  s ol  one , I f  jw r i o  min ed * a i- u i so  I omsge r imv .a I I ;sh 1 e , the re
a total lack of informat ion  concc-rnln g  the foundation condi-

tions and the mate r ia l s  compr i s i ng  the  dam. Tn a d d i t i o n , there
ar c  no construction records available. Therefore, additional
da ta , as described in Section 7.2, siu)~Ii(I he obtained .

* In fo rmat ion  provided by Law Engineering Associates of Virginia
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SECTION 3. VISUAL INSPECTION

3.1 FIn (h1~~~ : Observations during the visual inspection
are i si mt I h i t i u l  h a  Appendix IV .

* I . I . I D u c t s  
~~L~~~~ -p~~: Api I a Dam Is umn derl a Iii by I~

I
~Y 

III  te
wit It I i , en uu i ;  I t a t  rusions of quar tz . The. ph

~
yl II t e strIke’s ;mpproxl—

mat ely par;s I 1.-I to the . lon g l  tad I tia l axis of the dam wIth near
ver t ica l  f o l i a t i o n . The playl] tie is exposed on the lelt abutment
(iooking downstream) , but was not observed at the right abutment.
The slate is in a highly weathered state along the left abutment
(above the pool elevation).

Several 8—inch diameter corrul’ated metal pipes were located
at the base of the dam. Thse drains art’ located at tIme toe of the

• c I ; i t i a ,snd ext . ’n i l  liar I zontal 1 y In t o  the (b um emhankns.-nt for an unknown
i ll i t t  ;iimi - .’ . Ar.-o r .h hmi r t o  

~
l ;sns In A Iu Iu. ’uuil lx IV , tin’ dr :m I tin ext end

I n  t~rus v.•i — l II li’ .h .-hiltuui,i - y s .,si t hat’ dowmast r.’;stn 1iirt~ 1)1 t ue  t i u r e .
-

~ Tin- sue I a I d r;s ins wi ri- I nstil) 1 eli’ ly rust i’d t tirnuigh antI w . re a I Ho
fill e d wIth a s ilty clay. Attempts Wi-re made to unplug the p ipes
by probing u s e  pipe’s with rods. At one- location , the probing re—
suited in partial unplugging and a subsequent water flow estimated
at three gallons/minute.

Thu.’ st-i  ‘pa ge- of i lea r wa L.• r uS ;spp m x  I ma ti- I y one-—h all ga lion
per minute was observed on the righ t abutment , approximately half-
way up the mhankment, however , it could not be ascertained whether
t h in  aenpag.’ resulted from the ea r l i e r  rainstorms or from seepage
from the pooi.

‘l I s t - re  wits no evidence of n e i L  l t ’x m - n t  of the  crest of the dam
or bulging of the downstream slope of the dam.

3.1.2 Inspection revealed the following items:

• Toe dra ins were silted shu t .

2. hO—lucia diameter outflow pipe was partially submerged.
Riprap at tis,’ outlet was not visible. Erosion was noted under
the p iiw c r;uI le

1 . I-~m icaii ’n tm:ss cscc,mrred under  t h e  l ower end on the concrete
cmsie rgi ’il -y s I s i h i w s y ,  wh ich Is opposite and downstream from the 60—
Inch: d ia tn e-ter  ou if  low pipe .

4. Rock debris in the downstream channel tends to obstruct
norma l f l o w .

5
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S. . h u s m n - t  Ion of the embankment and the spiliway have appr ox i—
mu s i c  I y ‘i c u I ,  Ii I .‘et of eris r a I o n I n  t he upst ream side of the embank—
iii.- i i  I

* 1.! I- v . i l~ iat  in n :  Tu e  vl st i ;s I inspect  ion rev~e’aled items which
ui-i ’d r i - t i n - u i  I a I at t ion as to 1 Lows :

The toe drains do not f u n c t i o n  at -id therefore  do not serve the
Lute -ni h -cl purpose’ of the design . The s I l t y  clay  m a t e r i a l  may come
from tItt- eon ’. The dra ins  must be op ened and repaired . The source
iii  iii.- s i l t y  clay m a t e r i a l  must be de te rmined .

I h i . -  (,O— u n - l i  d iamete r p r i n t -  (pal  sp i  1 Iway ou t le t  pi pe Is located
l i i  511( 11 a pn~i i t  ion that  together  w i t h  that ’  l ack of suf ft c  tent r ip—
r i p ,  t I n ’  i h i u s u h i a r g e  erodes under the euiiergi’ncy sp i liway  s t r u c t u r e.
l’ h m i-  m u  I t - i  a rea  needs protection a g a i n s t  discharge erosion by an
.,iI.I i t t  on n i  r I pr ap .

T h e  e a r t h  erosion at the junction of the dam embankment and
t hs t ’  tipper end of the emergency spiliway as well as other minor

4 u - I - u ! ;  h i t s ; ; ni-ed maintenance to avoid future problems .

ihue  downstream channel rock debris blocks the norma l flow from
th e prIncipal spiliway pipe. Clean channel to permit free flow of
i l l  si-ha rge

*ln fo
~~~

tion provided by Law En gineering Associates of Virginia
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SECT ION 4. OI’ERAT tONAL PROCEDURES

4.1 Pr oced ures and Maintenance: Regular operating procedures
ar t -  I i m n i t ed  to pump ing water for treat-mont from the lake to the
t re-at tm-n t plant and enup tying trash cans. Any additiona l we rk is
d am s.-  u ;; needed . The wate- r t r e -at anent  p l an t  has records of volume
oh w a t e r  tr i ’ ; i te ’eI  each: day .  The-re arc no records of other work
done Ion o p t -r a t i o n  or maintenance.

4.~’ W ; i r m i i n ~~~~yn t e m :  There is no warning system established
I or I Is in daumm hu y that ’ Owni’ r

I i-:v~~I . s a t  Ion: list’ preset-i t use of the dam does not require
u I . i  I l y  t n - s l u t  t - u i a in - e  anti opt- rat  tona l procedure . Logs of both matnten
am ice and ope rat i ons  should be started by the Owner and carefully
ke pt on a regular basis for the future . A warning system procedure
should be established by the Owner.

7

_ :  - - - - _ -~~~~~
.;,_

~~~ - - - - - • —-—— •— - • -• - - - • - - . — — ~~



— T~~~~~~~~~~~~~~ LL~~~~~~ •
~~~~~~~~~~~~~~~~~~~~~~~~~~

-

~~~

HYDRAIJ L ICS/ II YI )R OIA )C Y

S • 1 Ih’;~ I g u s :  (;e ’ni -r ia I im yd rim s I I c  ant i  hvdro logic design (lnta
t4tupp l Ii’il for anal vs Is is i a n  fol  1 ow;;

a) I :c - . I gas P1 ann for ri ~p;~ I r s t o  I h’ i-mi ’ rgenc y sp ill wit y from
(:1 hIs -r i & C l i f f o r d  A ssoc I a t es , I n c.,  no date , par t ia l

b) Design Plans for ‘tA quia Sanitary District Water Works
Prn~t-ct ”, dated March 1968, partial set.

7 hIyd rolo~~1c Records :  None available

1 Fl o i u u J  I - x 1u i - r  li -n i- c : No ( h i t a 1 1 i- cl f l o o d i n g  expe  r I i-,wc is
v . a  I I : u h ,  I i  , I a t  . ~ - i c  - F , i - v t ’  wIt i i i  - s i ;  - i i  - p r i ’s ,  sat clii ring (him - Agnes

~
- i , ~ i t~ l ’ u i :  . At  I lust t lint ’ It was ohsi-rvt-d that th si ’ water leve l
i i i  I I a ’ - I 4 - - ~t - r  VI I r i anti’ I () wit Ii In api) ni x I nsa Ii- ly six (6) Ici- t of the

a t a u - t uS l i i i  - cI;m i ii . ‘liii- c-ar that-n c-nut’ rg ’ney spiii way was wnuhe-d away
nnil has bu ’e-n repl aced by a concrete emergency spiliway with a dis—

• chtarge- rating of approximately 15,800 cfs.

• 5 .4 Flood Potent ia l :  Assuming the poni elevation to be at
the principal spillway crest, the PMF , !~ PMF and the 100 year
Flood we-re developed and routed through the reservoir and outlet
works whitch consist of the principal spiliway and emergency api11—
way.

‘u _ /u . I Tim .’ I’MF , Probab ii - Max Imuuti i Flood , was ilevi- I aped from
dat is In Ilyd rom c-t eorolog ical Repor t  33 (Re fe-rence No. 1)

‘F lu ’ m l  I ow Imyd rograpiin were r-nnst rime ted mit I l l  z I ng the ’ irni t
ii v u h  rag r : s b ) h t  c anu - i p t  . The u n i t  hyd ro grauhi  was devel ape-cl using a
n i p - — i s u s u a r  d i u r ; u t  I n n  of excess preci p i t a t i o n  and Synuk-r ’s parameters
( h ~c - l i - r i ia . - m -  No. 2) .  The 1IE C—T program t i n -n  d i s t r i b u t e d  excess
p r e c i p i t a t i o n  in time and amount. The d i s t r ibu t ion  thus derived
was modifi ed by revising the per cent hourly distribution within
tl.~ m.ixlmm ,m 6 hnttr prec ipitation to more closely conform to that
u s u - d  In ‘IP 60 for  t h e  100 year rainfall. Resu1t~ of th is anal ysis
art- p r u - - ; i - n t c d  In Table 5.1.

• ‘ t . ’~ Pu ; ; u - r v n i r R v L ’ u l a t l o f l: Aq:ala Dam has an uncontrolled 60—
1st - h i  u h i a m u - t e r  p ipe-  outlet with crest at elevation 70.0 msl which
‘, rv m s as the  pr incipal  spiliway . The emergenc’; spiliway is an
u n c o n t r o l le d  concrete chute type located at the left abutment,
w Ith crest elevation at 76.44 msl , and Is 160 feet wide. Side
w i l l s  i-x t end tmp wa rd for 7 feet , then earthen slopes extend to the
Lop of tin- dam , elevation 90.0 msl• There is a 36—inch square
elIde grate at elevation 26.0 mal to -mpty the reservoir.

5.5.1 R -su-rvoir storage enpm ’ltv nhov~ the p r i n c i p a l  sp i l l—
way wit:; ni  l i - m i  I a i  ccl m in ing contours frutim LJ SCS maps , planimeter Ing
;sreas antI eonve-rtlng to vol itme. SplhI w av capacity was computed
by combining orifice flow through the principal spiliway with
weir flows through the emergency spiliway .
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5.6 Overtopping Potential: The PT-iF, ½ PT-iF and 100 year
flood Inflow hydrographs were routed through the reservoir using
tim e macl i f i t - c l  P i m l a  method opt ion of tin- Ul -C—t computer program
wit h storage—outflow. Results of this routing are shown in
Table 5.1.

5.6.1 A taliwater rating curve’ was not a v ai l ab l e  for this
t l: im ia. ‘I’Imi’ tiu l lwatt’r elevation observe-el d u r i n g  f i el d  obst’rvnt Ion
w .iu a p p - i n i s x l m .—it i ’ l y 25.0 msl with an assume-cl f low of 200 cfu. The
700 e I s a  was ; im ~ c~ h as the starting base flow when routing the’ storms
t h r o u g h  thi t ’  system.

5.1  ReHervn1r Enp~y in~ Pot ent I i i : To empty the dam , there
1;; is 36—Inch x 36—inch slide gage with an invert elevation , 26 msl,

• rind a discharge of 283 cfs at norma l water surface elevation , 70
m-; 1.

5.7.1 liii’ above information was inputted to the HEC— f pro—
g ram , with 55 cfs inflow and a developed storage vs. outflow curve.
Poiler t h i t - ut ’  t -oni l It Ions , the dam can he emptied in ten (10) days.

5.8 Eva l uatIon: Sumnmarizing Table 5.1, the following data
r e -st i lted I r m a: t h I s  s t u d y :

a) Based on the high hazard , intermediate category of this
(lam , die out let works shou ld  he capable of passing the
PMF whIch is 5 1 ,6 3 1  cm  m a x i n a u i m  Inflow with the maximum
suitfiow of 51,637 cfs. With the reservoir pool at the
l u j a  of the dam , the omit flow capacity is 26,600 cfs or

I - ! ~~~~ 
re-ent of th e- PMii -

b) A l  I l ay t l r o lo g i c  conaldcr ;a t ions presented in this report
rare- based on present c o n d i t i o n s  and no allowances have
been made for future development.

- 
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TABLE 5.1 — RE SERV O I l l  PERFORMANCE

Ni s r i u a ;u 1 100 Yr .  
- 

hl y ci r cs _~ riiph
i- low St arm l/.~ l Mhi I’MF

Peak hu l ow, cis
inflow 200 14,263 25,818 51,637
Out flow 200 13,688 25 ,165 51,637

Maxirnuam ElevatIon , ft., mal 70 85 ~9.5 92.6

Emergency Spillw :sy (El. 76.44)
I

Di-pths of f h i u w , f t .  Lees tha n 1 8 .56 13.06 16 .16
Ih.r~ut ion , hsc ,uir — i 46 80 80
Velocity, t.p .s. 9.99 12.04 13.20
Pe rcen t.agm- Peak out flow

passed 100 100 51.5

Non—Overflow Section (El. 90.00)
• Depth of flow , ft. — —  — —  ——  2 . 6

D aratlon, hours —— —— —— 12.0
Velocity, f . p . s.  —— —— —— 6.0

‘raIlwater Eli
~
vst1on , ft., mel 25 N.A.* N.A.* N.A.*

* Not Available

10
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• SECTION 6. STRUCTURA L STABILITY

*6.] Dam Foundation and Structura l Stability : Sufficient
geotechnicat informa t ion was not obta ined  to allow an adequate
evaluati on of t h e  rideqiaacy of the dam founsiation or the s t a b il i t y
of the dam. However , it was evident tha t t hu s f i l t e r  d r a i n s  that
art ’ corroded rin d blocked by siltation are no longer s er v i n g  their
I u t  t ’ndi’d p m mr p umsi — . S I sit—u’ i hat ’  ii r a  Ins; a r i -  t u . ) t  lim e t I am : I aug • I hat ’

h ) Ia r i ’J ,t  it’ tan u f , i u t - wit h a i ti Liii.’ d~i mii i - t i n  lii r I t - c  and exit a I aug tlse~ilnw,iiit rerun s h tup i - of thit- tItan. This rIse in the phreat in stir face
w i l l  I imwu— r h u t- s a t  n h  II It y a I I I i i -  m l n u i s i

6.2 Ev;iluatIon : Soil sanaples rind tests of the samp les shou ld
hi- truki - ;: at thai ’ embankment , the ahu atm -nt s and the emergency spill—
way to establish the design stability. Test wells should be estab-
lished to keep records of the phreatic surface in the embankment.

I

* inlormss;stion provided by Law Engineering Associates of Virginia
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SECTION 7. ASSESSMENT AND R F2IEDIAL MEASUR F11ENTS/RECa~-1ENDATIONS

7. 1 Dam Assessment:

7.1.1 That-re are no ge ote n imnica l  data , design , ca l c u l a t i ons
or e~oust  r u a c t  I on records avail :sbl t- .

1 _ I  — ? h h m u ’ t -i m st - ug u ’iie y i _ h uh  I IW .IV i i i  ; a  m :m I);mt ’ i ty i s h  ~~~~, i m I i - I s
• • 5 ‘ i . ‘ u • i • -am I ( S I  I ’~ 1L n u t  ;a - i s t  Ii  I t l w  i i i  I ( — If l i —i - t . 1 1 m m  -

a I a . 5  w a t u m  1 m m m : — : i t r n - . m i t  / l u - u - I , I h i ’  l am - I~~Iit t f  L i i i -  , a h I u - w;ul is
t i -  u - s i - u  r u - a n y t a p i  I I w n m y , w i l l  t _ i ua snu - e i u t - n i i a a u  of thit ’ eai s lu , aaui ss m t’mit _

- a l  I a - - t a - p u t  u - ut  I a I of s-o;s s~
, It - t m - du - • I j— u~~- t 1 a~ s of iuau ae ha i i i  I l i t ’  I em I t

• s -I , m I  I h a ’ - t a inh .mm i k u s s t -i u t . n i t ,  w I  I n i t :  t h it — uIt-t ; t i— net tin; of that ’ ~3u-w ;af’e
- - i -  he low t lit’ ilni i u a. ihie up II I way i-;mp ;ae it y, with time (It- h u L l S  Of
1 m w  ~i t  l i i i -  l i s t )  of si tit-wa lls ~ s 19 h u m -  ru -m i st of h’MF or 10,000 cf~~.I hat - a - e . - r r t -  a m y  r ;p I I I w ;ay i s  u t - r t o m i s  1 y I u:;uIt-qus;s1t~ —

7.1.3 The toe drains are comp1ete~ v closed by siltation and
do not function. This is a serious condition since water tends

• ua - i mu u su ;l a tt - In time c-mhankmt-nt and ra I si- the phr t -n t ic  smi r lae -e .

1. I .6 That-r e- is; Insui ff left-nt riprap In the area arou nd time
a -ni h oh I hi’ pr lis t- I pa l up 1 11  way p I vu- and that- vt-joel tv of tiat (11s
t Ii;i rgm - wa tm-r Is uu ifflnk -nt to cau se’ erosion under the eme-rgi-ncy
sip 1 I Iwav st rw- tu mre . R ipr ap  must he i nst a l l e d  and the erosion
r -pn l ru-.I .

1 . 1 .  l Ist -re are minor erosion prob lems which nt-cd attention
b u t  wt- r” n - c , -it the time of Inspe-ctlon,considered emergencies.

7.2 R -‘--edla l Measures/Recommcnelatlons: The spi]]wav capa—
r it v must he- I ncre’ased to pass the PMF and geotechnical  data  ob-
tained to establish t he desi gn and stability of the -mhankment
Tue riprap nit the discharge pipe must be installed , erosion under
the cmergi-ncv spiliway repaired , and rock debris in the downstream
channel elenrt’d.

I t is rt-ct)Inme’ndecl that the owni-r retain a professional -ngi—
ne-er and establish a schedule of the work for the remedial mea—
utires, noted above, within three (3) months after the date of
release of this report. The schedule should provide for comple-
tion of the work within a twelve (12) month period thereaf ter .

12
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AQUIA DAM

Liti t or Data Available

Furnished by:

Aquia Sanitary District , S t a f fo rd  County , Virginia

1. Plans — Water Works Project I’hase III,
Earth Dam Suction I — Ma rch 1968

- 2 .  Plan s — Repairs to Aquia Creek Dam Project No. 6705—3
- Prepare d by C. W. Cliffo rd & Associate . , Inc.,

Fredericksburg, Virginia
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