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\20. Abstract

Pursuant to Public Law 92—367 , Phase I Inspection Reports are prepared
under guidance contained in the recomsended guidelines for safety
inspection of dams , published by the Office of Chief of Engineers ,
Washington D. C. 2031g. 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 .

I Based upon the field conditions at the time of the field inspection
and all ~vailable engineering data, the Phase I report ad4ressee the
hydrau]4k, hydrol,ógio, geologi~, geotechnic, ~tld struotuçé.l aspects of\ the da~ The enjineering teckIniques employed give a re~bonably
aocur!~te asses~~ent of the oónditions of the darn. It ,Ihould be

\ realifted that Øertain engi~~ering aspects cannot be fully analyzed
~duri~ñg a Phas~ I inspection . Assessment and remedial measures in the
~‘epórt include the requirements of additional indepth study when
~ecesaary.

‘chase I reports include proj ect 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.
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\20. Abstract 
V

Pursuant to Public Law 92—367 , Phase I Inspection Reports are prepared
under guidance contai ned in the reooemended guidelines for safety
inspection of dame , 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 .

Based upon the field conditions at the time of the field inspection
and all ~vailable engineering data , the Phase I report adqresaes the

\ hydraul%á, hydro],jbgio, geologi~ , geotechnic, �d struotu$l aspects of
the da~~ The engineering techniques employed’ give a re~bonab1y
accurate aaeeas�.nt of the conditions of the darn. It Ihould be
rsali,ied that ~ertain engineering aspects cannot be t(illy analyzed
4urii~g a Phas~ I inspection. Assessment and remedial measures in the
~epàrt include the requirements of additional indepth study when
hecessary .

~ hase 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.
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PREFACE

This report is prepared under guidance contained in the Recoemended
Guideline s for Safety Inspection of Dams , for Phase I Investi gations.
Copies of these guideline s 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 ident ify expeditiously those dams which may pose hazards to
human l i fe  or property. The assessment of the general condition of the
darn is based upon available data and v isual 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 observa tions 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 inspec tion , such
action, while improving the stability and safety of the dam , removes the
normal load on the structure and may obscure certain conditions which
might otherwise be detectable if inspected under the normal operating

• environment of the structure .

It is important to note that the condition of a dam depends on
• numerous and constantly changing internal and external 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 inspec tion
can there be any chance that unsafe conditions be detected .

Phase I inspections are not intended to provide detailed hydrologic
and hydraulic analyses. In accordance with the established guidelines ,
the spilivay desi gn flood is based on the estimated “Probable Max imum
Flood” for the region (flood discharges that may be expected from the
most severe combina tion of critical meteorolog ic and hydrologic conditions
that are reasonably possible) , or f ractions thereof. Because of the
magni tude and rarity of such a storm even t, a finding that a spiliway
will not pa ss the design flood should not be interpre ted as necessarily
posing a high’~y inadequate condition. The design flood provides a
measure of relative spilivay capaci ty and serves as an aide in
determining the need for more detailed hydrolog ic and hydraulic studies ,
considering the size of the dam, its general condition and the downstream
damage potential.
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PHASE I REPORT
NAT IONAL DAM SAFETY PROGRAM

Name of Dam : Broad Run Dam
State : Virginia
County : Prince William
Stream : Aquia Creek
Date of Inspection : December 6 , 1979

~~~~ Kt,n t):ini In  I ,250 feet long :iiid 72 feet high from the
LI)j) 1)1 the d;im to the streambed. The concrete gravity section is
636 feet in length and the earth embankment is 614 feet in length.
The ogee shaped principal spiliway is 220 feet in length and 55
feet high from the crest to the streambed . The dam is located 10
miles west of Manassas, Virginia, 1 mile from Route 215 on Route
675. The lake is used as a source of water for the treatment
plant , owned by the City of Manassas, which is located 300 fee t
below the dam.

The princ ipal spiliway will pass 1O0~ of the PMF. The sta-
bility calculations of the gravity aection of the princ ipal spill—
way Indicate the resultant in the middle third of the bane. The
Probable Maximum Flood Indicated the resultant within 3 feet of
the edge of the base. The original design calculations should be
reviewed together with rock cores to provide a comprehensive exami-
nation of the gravity section stability under PMF conditions. A
warning system procedure should be established to alert residents
in case of an emergency. Annual inspections of the dam should be
started. These recommendations should be completed within twelve
(12) months from the date of the release of this report.

-_________________
PAUL SEILLR , P.E.
Devard M. Martin & Associates, Inc.

Submitted By:

Original signed by,
__JAMES A.. WALSE
JAMES A. WALSH , P.E.
Chief , Design Branch

Recommended Hy:
Original signod by
ZANE N.. GOODWIll

ZAN E M. GOODWIN , P.E.
• Chief , Engineering Division

p . Approved Ry:
Original signed by(

Douglas L. Hallel MAR 9 1979
DOU( l.AS L. HALLER
Co lo nel , corps of Engin eers V 
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BROAD RUN DAM

SECTION 1. PROJECT INFORMATION

• 1 Cent.rnj

1.1.1 A~ilhor lt y: P u b l i c  Law 92— 367 , 8 Aug 72 au thorI z ed  the
• ;~~ ( V ~ ~• t  ;.ry ul t he  Army , th rough  the Corps of Engineers to i n i ti a t e
a na t iona l pro gram of safety inspections of dams throughout the
United States. The Norfolk District has been assigned the respon-
sibility of supervising the inspection of dams in the Commonwealth
of Virginia.

1 .1 .2 I i irp one of lnn p ect i o n : The purpose Is to conduc t a Phase
I l n ~~pt~et  Ion at cord ing to the Recommended Guidelines for Sa fety  In—
s2~

.(L Ion ol l) .~mg (Appendix VI, Reference 1). The main responsibility
In  t o  exp~ t i h L  l o u s l y  Identify those dams which may be a potential
hazard to human l i f e  or property.

I • 2 ~~r~)J ct )~~n c r t 1) t t n n :

1.2. 1 Dam and Appu rtenances: Broad Run Dam is 1,250 fee t long
and 55 feet high from the crest of the principal spillway at eleva-
tion 285 to the toe of the dam at elevation 230. The dam is a con-
crete gravity type for 636 feet of length and an earth embankment
for 614 feet of length from concrete section to the right abutment.
The maximum heigh t of the embankment is 26 feet from the top of the
dam at elevation 302 to existing ground at elevation 276 . The
p r i n c i pal spiliway,  located in the concrete portion of the dam, is
an ogee sect ion . There in a walkway along the top of the dam on
bot h sides of the pr in ci pal sp iliway. The re are five manual con-
trols for valves at the top of the dam to draw water from d i f f —
erent levels for the treatment plant . There is a passageway or
galle ry located near the bottom of the gravity section . Ripr ap
is showing along the lake side of the embankment . Flow f ro m the
selected level can be controlled by an electrically operated valve
from inside the treatment plant. The required minimum discharge
to the downstream channel is through a 48—Inch diameter pipe.

1.2.2 Location: Broad Run Dam is located 10 mile. vest of
Manassas , Vi rginia , 1 mile off of State Route 215, along State Route
675.

1.2.3 Size Classification: The dam is classified intermediate
by heigh t (72 feet).
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V 1.2.4 Hazard Classification: The dam is located abou t 300
feet upstream from the Manassas Water Treatment Plant and ~~.ere
are about seven homes ~ithin 1,100 feet below the dam. It is
therefore given a high hazard classif ication in accordance with
guidelines contained In Section 2.1.2 of RerommendPd (’.uIdelIni-N
for SnfeLy _~~spvcUou of Dams, published by the Office of Chief
of Engineers . The hazard classification used to categoriae da
is a function of location only and is unrelated to the stability
or probability of failure .

1.2.5 Ownership: City of Manassas, Virginia

1.2.6 Purpose of Dam: The dam was bui lt to create a water
supply for the City of Manassas , Virginia .

1.2 .7 DeHign and Construction History : The dam was designed
by h ayes, St ay, Mattern & Mattern of Roanoke , Virginia in 1968 .
Contract plans and specifications and boring logs are on file with
the Owner. Construc tion was completed near the end of 1970. Con-
struction photographs required by the contract are on file with
the designer. According to verbal comments by the designer, there
were no problems or complications during the construction.

1.2.8 Norma l Operating Procedure s : Dam operations are gen-
erated by the water treatment plant operators . This consists of
taking water from the lake for treatment , cleaning the trash racks,
antI maintainin g the minimum flow required downstream . The dam is
observed by the treatment plant operators in the course of their
work (.fl eh day.

1.1 PertIn ent Data: V

1.3.1 Drainage Area: The aam controls a drainage area of
60 square miles.

1.3.2 Discharge at Dam Site: The maximum discharge was the
result of Tropical Storm Agnes in 1972 , in which a flow of 16,800
cfs was recorded at the Buckland Storm gage located upstream which
measures flow from 50.5 square miles.

The capa c i ty of the principal spiliway with water at the top
of the dam is 60,000 cfs.

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

C,
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I

Table 1.1 DAM AND RESERVOIR DATA

RESERVOIR

Capacity
IT EM Elevation Area Acre Watershed Length

Ft., mel Acres Feet Inches Miles

Top of Dam 302 1100 28000 8.70 7 .7 V

Crest of PrIncipal 285 650 12000 3.80 5.8
~I)hhlwa y

Streambed 230

_  _  
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SECTION 2. ENGINEER ING DATA

2.1 ~~~~~~ The prel iminary water supply study, for the City
of Man nFIsns , showed the need of Broad Run Dam. Design plans and
specifications for the dam were prepared by Hayes, Seay, Mattern and
M i t t e rn , and are on file wi th the owner. The plans show site plan,
hyti  rol ogy anti details of soot Ions . The ~~~~ if I cat ions show I ogsL of borings taken for design . Design calculations were not avail—
iib he f rom t lu owuu• r • m u  a re ol f l )  e w I t  Ii thui ~ designer. h ut. Stability
, V I I I . I V k  w suu et s  t n t  h i i t ed w i t  Ii r emi t  t n  shown In  Appo nthl  x V.

*2. 1.1 Ci•u log l i al inve st i gat ion:  A geological investigation
was cond ucted by the des ign engineers, Hayes, Seay, Mattern &
M;ittern . A total of 27 soil tests borings and rock corings were
performed . A detailed evaluation of the borings is not available.
T h e  o r i g ina l  test borings for the dam revealed overburden soils
con s i s t i ng of s i l t y  clay and clayey silt , generally ranging In
thickness from 2 feet to 8 feet.  The upper 10 feet of the under-
lying bedrock was h i g h l y  f rac tured , r e s u l t i n g  in high water loasca
t h u r h u~~’ d r i l l i n g  operations . Below the first 10 feet of rock, the 

Vw~u i  I t - m i  I r z u n t u r e ( I  and suu i I i  to  neg l igib l e  water losses were
ri-c o&riht-iI d u r i n g d r i l l i n g .  There was no mention in the geotechnical
report of any pressure testing of the rock.

There were no fau l t s  encountered during the geotechnical
investigation. Slickensides were found on some fractures but no
evidence was detected during the geotechnical exploration to
suggest substant ia l  displacements.

2.1.2 Geologic Setting of the Dam Site:

* 2.1.2.1 Regional: The general area of the dam lies within
a geologic province known as the Triassic Fault Basin. The area
is unde r l a in  by the Newark Formation.

* 2.1.2.2 Specific Area of the Dam: The immediate dam area
is underlain by quartz diorite, an intrusive igneous rock. The
strike of the rock is generally N60°E to N80°E with a dip angle
of 70 to 80 degrees to the southeast. Fracture planes in the rock
are oriented approximately 90 degrees to the bedding plane.

* 2.1.3 FoundatIon Treatment and Conditions: The foundation
of the concrete gravity portion of the dam consists of hard quartz
diorite. The earthfill portion of the dam (Stations 14-00 to 8+00)
contains a cut—off trench with a minimum bottom width of 10 feet.
A specification on the material type within the cut—off trench was
not contained in, the contract documents.

a 
4

rC ~~~~~~~~~~~~~~~~~~~ — ~~~~~~~~~~~~~~~~~~~~~~~~~ V - - ~~~~~~~~~~ V~ 
_V_V~ __ V-V 

V - r 
~~~ 

~~~~~~~~ ~7• V •~V

‘

_
~~~~~~~~~~~I~~±~~~~~~~~~~~~~~~~~~~~~~~

PW L ’ ’—  ‘.1’ -
~~ -~~ 

~~~~~~~~~~~~~~~~~~ L~



I-

*2.2 construction : Compaction tests were reportedly per—
V 

formed during construction ; however , records of these tests V

could not be located. A grouting program was also reportedly
performed , but no records were available .

2.3 ~perat Io n: The Ci t y  o f Mantissas does not employ
r egu la r  ope r a t i o n a l  procedure for the dam. The water t reatment
operator is responsible for the operational procedure involving
raw water d rawdown for treatment and maintaining required flow
downstream. Inspection of the dam is done! through observ ations
by the water treatment operators , Incidental to their dail y tic—

I lvi t los • Atix I l l  ary elect rle:i I isiwer In prov Idt’d by a gtuI *ol Inc
drivei~ genator. All valves can he manurnll y operated if needed .

*2.3 Eva l uatIon : Geotechnical data in the form of boring
logs is a v a i l a b l e .  No laboratory da t a  for the soil or rock was
avaIlab li~. In addition , no construction records for quality con-
trol of the soil compaction or foundation grouting are available.
In the ah~ cnce of this geotechnical data , additional data as out—
I In t -d  l i i  Si t- I iou 6.3 should be collected .

Euig In te r I ng data for Broad Run Dam Is available through
e i t h e r t h e  owuler or the designer. The data should be gathered
t o g e th e r  in t h e  f i les of the owner and carefully kept and up—
dated as maintenance or improvements are accomplished throughout
the history of the useful life of the dam structure.

*in(o rmat ion provided by Law Engineering Associates of Virginia
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SECTION 3. VISUAL INSPECTION

3.1 Findings: Appendix VI is a record of the field observa-
t ions taken during the field Inspection. Seepage was noted as
follows :

1. On the r ight  non—overflow section , there was a wet area
on the wall halfwa y down the steps about 70 feet from end
of concrete and about 25 feet from the top of dam. Other
dry ca lc ium stains are on this same wall beginning at ele-
vation 275 and extending downward.

2. StaIns were showing through the thin f i lm of water going
over the sp l l lw n y . These s t a ins  are nh~~it 46 feet from
t hui ~ lof t euuil of the principal spillway and 10 to 15 feet
below the crest .

3. The l o f t  wall has hairline cracks showing calcium deposits.
The crac k is located at about elevation 250 and about 10
feet l e f t  of the principal spiliway .

4. The g a l l e r y  has moisture on the floor and wall , extending
f r om the bottom of the incline from the left end of the
dam , along the level section of the pasdageway for a dig—
t ;inee of about 61) feet. The moisture is coming from a
horizontal construction joint on the downstream side of the

V passageway at elevation 238. A deposi.t of calcium covers
the wet wall and floor.

*3.1.1 During the time of the site inspection no seepage or
signs of instability were observed in the earth—filled portions
of the dam. The left abutment consisted of hard quartz diorite
with only very minor seepage occurring along the fracture plane.
Since Lhe inspection was conducted on a day following rainstorms,
It could not be ascertained whether the seepage was from the pool
or from the adjacent small hillside. A small rock slide was ob-
served approxImately 150 feet downstream from the dam along the
left abutment.

3.2 Evaluation: The visua l inspection indicated that the
four items listed under seepage in paragraph 3.1 should be mont—
tered on a scheduled basis and records kept of this inspection.

The abutments appear to be in generally good condition.

*Inforisat ion provided by Law Engineering Associates of Virginia.
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SECTION 4. OPERATIONAL PROCEDURES

4.1 Proc-edures nnd Maintenance: The water plant operators
r i g i u l a t e  t h e  vo l ume of water discharged downstream and remove debris
I rom I Iii ’ t r auuh i  r ank per hod ie:i i l y  • No log of ohrwrvti t Ions is ma In— V

l i t  I tied . Tue Cit y of ~Ianasnan does not cusp 1oy a person sole Iv for
ope ra t iona l procedure of the clam . The water treatment operator is
rt~np ons lb le  for  the operat ional  procedure involving water drawdown
for t r e at m e n t  anti maintaining required flow downstream . Inspection
of the dam l~: done through observations by the water t rea tment
op e r . u t or s , h ue Itiental to their  d a i l y  act iv i t ies .  E lec-t r ic i t y  for
l l g l i t 1 n ~ and operation of the contro l valve is supplied by the
Prince Will iam Electric Corporation. Auxiliary electrical power is
provided by a gasoline driven generator. All valves can be manually
operated.

4.2 a!.uution : Tu e dam do~~ not require extensive opera-
tional and maintenance procedure. Periodic inspections should be
made and notes maintained on an annual basis. Any noted changes in
conditions should be carefully monitored or if deemed necessary,
maintenance repairs be made and noted in the next inspection report.
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SEC T ION 5. HYDRAULICS/HYDROLOGY

5.1 I)es1 f~n: General hydraulic and hydrologic design data
used for analysis is as follows:

a) Con~ Lruction Plans from Hayes, Seay , Mattern 6 Mattern,
ci:itetl June 1958 — partial set.

b) Study of Town Council, Manassas Water Supply Study,
undated .

c) “Optimization of Raw Water Interconnection for the
Washington, D.C. Metropolitan Area — Phase I Hydrologic
and Hydraulic Data” by GKY & Associates, Inc. for Depart-
ment of the Army , Baltimore District Corps of Engineers,
July 1978. 

V

d) Gaging Station data from USGS 1 — 6565 — Broad Run atPa u ckl and , Virginia.

5.1.1 11u -se data contained original hydrologic assumptions,
spl 1 Iway rat Ing cu rve, and some d e ta i l s  of construction .

5 2  hIy (hrt )l )~j~~~Recorda: As mentioned in 5.1, gaging infor—
uuia l ion I rum I~road Run at hiu ck land , Vi rglni a was avail able • This
data was used to compare theoretical hydrographa used to evaluate

- 
- 

the performance of the system. Highest f lood of record was 16,800
cf s  and occu red on June 21, 1972 (Agnes f lood).

5 .3  Fl ood Experience: No detailed flood ing experience is
a v ; i i l ; i h i e , however , the Agnes flood of 1972 was passed without
( I t Im ; , I 1 to the s t ruc tu re .  The maximum depth over the spillway was V

cstlmtutecl at 6.5 feet, which corresponds to l3,?O0 cfs.
r)~~4 Fl ood Potential: General — Assuming the pool elevation

I,, be at t h e -  j’rincipal spillway crest , elevation 285 msl, the PMF
and t he• 100 year flood were developed and routed through the reset—
votr and sp iliway .

5.4.1 The PMF, Probable Maximum Flood , was developed f rom
data in Hydrometeorological Report 33 (Reference No. 1). The
Probable Maximum Precipitation (PMP) for the Broad Run Dam area
is 25 inches in 24 hours for a 200 square mile area. This valu e V

was modified for the Broad Run 60 square mile drainage area
inputted to the HEC—I program, Flood Hydrograph Package, which
synthesized an in! low hydrograph of the PMF . The ½ PMF inflow

• hydrogr aph wan constructed by reducing each calculated PMF hydro—
graph ordinate by one—half.

B
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The in f l o w  hydrographe we re constructed u t i l i z i n g  the uni t
h v dr c i gr : t p h  concept .  The uni t hyd rograph was developed us ing  a
oi in - huo , i r d u r at i o n  of excess precipi ta t ion and Synder ’s parameters
(R (-lIrc-ui(-c No . 2 ) .  The IIE C— l p rogram then d i s t r i bu ted  excess

V IU ~ •( V p I t  a t Ion In time :ind amount. The, d i s t r i b u t i o n  thus d e r I v e d
w.,’i ui,o.l h i  h i - t i  by ri-v I su ng I lit- p~-r cent hourly distribution w I t h in
l i i i - i i s i x I u , u u , m  6 hour p r er i p i t at  ion to more closely conform to that
is iteil In  II ’ 40 b r  the 100 year rainfiu l 1. Results of this analy-
s is  a rt- presented in Table 5.1.

5.5 Reservoir Regulation: Broad Run Dam has an ogee—shaped
u n con t ro l l ed  spil lway with  a crest length of 220 feet and crest

l i - v a t  Ion of 285 mel

( f lhu t - r  oust lets art- in tegra l to the dam and located at elevation
235 .0 , 265.0 , 255. 0 and 248 m s l  - T h si~,ut ~ uure for  raw water  Intake
to Liii , t rc .atnuent  p lant  and are con t r o l l e d  by a 48—inch gate valve
wi th a maximum r a p a c i t y  of 90 (- 154 w I t h  Liii- reservoir water  surface
at elev;st ton 300. As this amount is small relative to the ogee
section , It w:us ignored during routing.

The re I:; also a 48—inch pipe drain used to control outlet dis-
charge. Using discharge curve as supplied by the designer, a dis-
charge of 340 cfs at water surface elevation, 256 was noted. This
amount was also ignored during routing.

5.5.1 Reservoir storage capacity above the spillway crest
wan calculated using contours from USGS maps, planimetering areas,
and converting to volume in acre—feet. The spiliway rating curve
used was that given In the design data furnished . Routing was
started assu ming pooi elevation at the principal spiliway crest
and inflow equal to outflow.

5.6 Overtopping Potential: The PMF , ~i P1-IF and 100 yearflood inflow hydrographa were routed through the reservoir using
the modified Puts method option of the HEC—I computer program with
storage—outflow. Results of this routing are shown in Table 5.1.

5.6.1 A tailwater rating curve was not available for this
dam. The tn i lwater  elevation observed during field observation
was approximatel y 234 mel with an assumed flow of 210 cfn. The
210 cm was u sed as the starting base flow when routing the etor~~
through the system.

5.7 Reservoir Emptying Potential: To empty the dam, there
is a 48—inch outlet pipe with an invert elevation of 236 mel and
a d isc barge- capacity of 495 cfs at normal water surface elevation,
28’, mel. The outlet flow curve was developed using the designer’s
discharge curve to elevation 256 sal and extending it to eleva-
t ion 285 mel by use of a standard orif ice equation .

9
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5.7.1 The above information Was inputted to the HEC—I program,
with bOd e Inflow and a dc-vt-loped storage vs. outflow curve.
This nn:slysle indicated that the dam can he emptied in 24 days.

5. 7• 2 Thu I us /,8—I u i-h ou t let pi p’- watt in operation at the time of
inspection and therefore assumed functional.

5.8 i~v ; u h i i a t  ion: Suimsnnrizing Table 5.1, the follow ing da ta
resulted from t h i s  study: —

a) ~p i1l w av design flood Is 50,000 cfs. This rate gives an
elevation of 300 m.s.l. and leaves 2 feet of freeboard.
It is the flood originally used f or design.

b) Based on the high risk category of this dam, the spillway
should be capable of passing the P1-IF which is an inflow of
r,(,~~~~qq cfn. with outflow 01 51,996 d c  With pool elevation
at the crest of the dam, the outflow capac i ty is 60 ,000
i f s.

c) Al l  hydrologic considerations presented in this report
are based on present conditions and no allowances have
been made for future development of the watershed.

TABLE 5.1 — RESERVOIR PERFORMANCE
Hydrograph

Normal 100 Yr. June ‘72
Flow Storm Flood* ½ PMF PMF

i’eak Flow , cfe
inti ow 210 15,546 17,000 28 ,199 56,399
Outflow 210 12,709 13, 300 25 ,093 53,996

Maximum Elevation , f t .  mel 285 291.3 291.5 294.5 300.5

Un ga ted Spiliway (285 mel)
i)cpth of f l ow, f t .  less than 1 6.3 6.5 9.5 15.5
D u r a t i o n , hours —— 80 80 80 80
Velocity, f.p.s. —— 9.2 . 9.3 12.0 15.8
Pe rcentage Peak outflow

h ’;iRRe(i —— 100 100 100 100

Non—Oven low Section (302 sal)
ih-pth of f low , f t .  —— 0 0 0 0
Duration, hours —— 0 0 0 0
Velocity , f.p.s. —— 0 0 0 0

Talluater Elevation, ft. mel 234 247 247.3 252 260

* Figures shown are approximate
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SFCTION 6. STRUCTURAL STABILITY

*6.1 Dam Founcintion: The’ concrete’ gravity portion of Broad
thin Dauut Is founded on hard quartz diorfte. The contract documents

- . lndh eaiu ’d a ct-mi-nt groust i ng program was to he conducted beneath
I In- en sue  r i -I s~ grout i ng port Ion 1)1 t he - thuuuui and bent-alit i sppr i sx l  mu t ely
7(1 feet of th e ’ cuit—off trench for the -arth emhankme-nt • Since
construction records are not available for the grouting program,
an assessment cannot be made of the success of the program, other
than the observation that no downstream leakage was observed .

*6.2 Earth F~hnnkrnent StabiHti: Stability calculations are
not available and can therefore, not be checked. Although there
we-re- no signs of instability, there was no soil laboratory test
chat a or su f f i c i e n t  soil description to a l l o w  a rough s t ab i l i t y
chi-t-k -

~6 . I Fouind~ t Ion Condition and Soil Stnhtflt 1: Due to the
louuin ha I hem ml  t h e -  rnnrru ’t  u’ gravity port Ion of ti-u- dam being a
eol ul i ui .t i-sit rock , u-uett h t -ius ent Is not a problem.  Although t i lt -nt!  was
a potent ia l  for leakage through the foundation, a grouting pro-
gram was reportedl y performed in the foundation rock. The success
of the granting program cannot be evaluated since there are no
u nn’;t risctlon records for the groutting program. No leakage wan
observed downstream of the dam , however.

6.4 Concr ete Crnvl ty : The e-onert-te gravity section at the
principal splllway was checked for stability. When water Is at the
crest of t h e  sp i l i w ay ,  elevation 285, the resultant on the base is
at the middle third point on the base. When the water is at the
PT-IF level , elevation 300.5 , the resultant is located at 3 feet back
from t l,e toe of the dam. The results of the stability analysis are
shown in A ppendix V.

6.5 EvaluatIon : There is insufficient data available with
whIch to check the stability of the earth embankment section of the
dam. There-fore, a geotechnical exploration is required to gather
this required data. The exploration should conniat of soil tests
borings to verify the atrn tigraphiy of the dam and to obtain un-
disturbed samples for laboratory strength tenting and classifica-
tion. After obtaining this data, the stability of the dam should
be checked under both drained and undrained loading.

The evaluation of this condition is that the dam will not
overturn but that review of the design assumption for leading and
connection into the base rock is necessary to get a comprehensive
understand ing of the stability design and parameters used .

*Informatjon provided by Law Engineering Associates of Virginia
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SECTION 7. ASSESSMENT AND REMEDIAL MEASURES/RECOMMENDATIONS

7.1 Dam Assessment :

7.1.1 The engineering data available through the owner are
site- plans, section of the dam iund spt-i-if ications. The specifi-
cations have boring logs of holes drilled for the design. The
1)1 suns sunil api-c- (fit-at hone Wi - re- pr~~f -ii c i t t u i n h i  y prepare-cl . De sI gn cal—
, s ui cu t I,,u,,i wi-re t in  I clvii I I uui Ii ’ .

7. 1.2  The clam has no obvious mlsalignments or settlements
that could be noted from visual inspection. The gallery shows
seepage- and calcium deposits on the wall with moisture on the
wall and floor , which has apparently been in progress for sev—
c rud years .  There arc also seepage stains on the abutment walls
along the- j o in t  lines.

7.1.3 MonItoring records of the observations of the condi—
tion of the cl ;uuuu are not maintained .

7.1.4 The sp iliwut y will pass 100% of the PMF.

7.1.5 The stability of the gravity section is within the
c r i t e r i a  for  water  at the crest of the spillway. However, with
the water level of elevation 300.5 for the P~IF, the results of
the st~,b1li ty analysis shows 16% of the base in conpression and
a si Iihiiug f ; u u - t o r  of s a f e ty  of 6.0.

7 . 1.6 There is no warning procedure established .

7.2 Remedial_Measures/Recommc’ncl;utlons: The st a b i l i t y  and
geological information should he checked for loadings with water
levels above the spillway crest to the PMF elevation of 300.5.
Tue seepage in the gallery should be monitered and records kept
of observations. A warning system procedure should be established
to alert residents in case of an emergency. Annyal inspection
reports should be prepared by a professional engineer.
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PHOTOGE.APH NO. 1
- Back Face of Darn & Erner~gency Spillway

PHOTOGRAPH NO. 2 —

Principal Spiliway Crest
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PHOTOGR APH NO. 3
Spiliway & adjacent Wall
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PHOTOGRAPH NO. 5
Downst ream Channel
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PHOTOGRAPH NO. 6
Witi rvork. below Darn
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FOUNDATION DRILLIN G AND GROUTZNG

• 7-01 GENERAL:

a. Sccø~ of work: The work includes drilling grout holes,
exploratory- holes and dra in  holes; instal l ing and making  grout connect ions ;
fu rni sh ing ,  handling,  t r a n sp o r t i n g 5  s tor ing ,  mixing  and i n j e c t i n g  t h .~ grou t
materials; patching the finished grout holes; cars’ afl(I (I p55..1 (51 d r i ll
cuttings , waste water and w a s t e  g r o u t ;  c l e a n - up  of th s- . s r o - a s  upon
completion of the work and all such  other operations dS a n -  ISIS i d o - i s t a l  to
the drilling and the grouting.

b. Program: The work consists of the cons t ruc t ion  of a g rou t
curtain as indicated. The approximate locations , limits , and details are
Indicated on the contract  drawings . The program shown on the d r a w i n 1 s
and described here in  is tentative and is presented  fo r  the  pu rpo so -  o f
canvass ing  bids. The amount of dr i l l ing and groS1ti T I i ~. w h i h •u t I I . I l I  

~ 
i l l

be required is unknown and wi l l  be governed by 1 J ! I I Ii I j I m ~~, S i l l  ( 1 t S T I f l - l - S - d  - I S

the work progresses.  A n y  i n c r e a s e  or d e c re a s t -  . *t  t hs- ju j rttj t ie- ~ sho,w .s
will be computed at the appl icable uni t  p r ices  bid w h i c h  sh a l l  he t ) i .~ I J I I * 1 M
for  ad justment  of the c o n t r a c t  pr ice.

c. Procedures:  Gi-out ing mixes , p re s s ur e s , the pumping r a t t -
and the sequen ce  in which the holes are drilled and grout e d  will  be
determined in the f ie ld  and shall be as d i r ec ted  b y the- A r c h i t o - c t - E n g i n . - o - r

7-02 EQUIPMENT:

a. Genera l :  All d r i l l i n g  and g rou t ing  rqsi i p u s s - n t  si,o o-tl “h ail ts r
of a type , capaci ty  and mechanical condition suitable f o r  doing 1) 11- w o o  1-
as determined by the A r c h i t e c t - E n gi n eer .

b. Drilling equipment: Standard drilling equipment of the
rotary type shall be used to perform the drilling as specified herein.

c. Grouting equipment: The grout plan t  shall  be capable  of
supplying , mixing , stirring and pumping the grout  to the s a t i s f act i on  II I
the Arch i tec t -Engineer .  The plant u ’ all be capable  of injecting gr ssi it
a p r e s s ur e  up to 100 psi.  It shall be malnta ln c ,cI In f i r s t - cl a s s  opo-t- .lt i I I g

condition at all times and any grout hole that is lost or damaged due tos
mechanical failure of equipment or Inadequacy of grout  supply shal l  be
replaced by another hole, drilled by the Contractor at his expense.
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I

7-03 GROUTING MATERIALS :

a. Composition : Grou t will be composed of wate r and cement.
Th. grout mixes wil l  be spe - i f i ed  by the Archi tec t -Engineer  and will 1w’
varied to meet the eha r act o -  r is t iuM of each holi, as d - t~ i’~n.’d by c-~nu$it,.sns
encountered.

b. Water:  The water  used in the grout shall be fresh , clean ,
and free from injuriou s amounts of sewage , oil , acid , alkali , sal ts or
organic matter.

c. Cement : Cement used tn the grou t shalt conform to the re-
quirements of Federal Specification SS-C-l9Zg, Type 1 or Ty~~ 11. Stora ’
of cement shall be in accordance with the requirements of Section “Conc re c
Wo rk” . The use of bulk cement will be permitted p rovided the Contractor
employs methods of handling, transporting, and storage that are sa st i s f a i -t o ry
to the Architect-Eng ineer; otherwise , onl y cement furnished in cloth or
paper bags will be accer table. A sufficie nt quanti ty of cement shall be
stored at or near the site to insure  that grouting operat ions will not be
delayed by shortage of cement. In the event the cement is found to contain
lumps or foreign matter of any nature and in amounts wh i ch , in the opinion
of the Architect-Eng ineer , may be deleterious to the grouting operations ,
screening through a s tandard  100 mesh screen may b~- ‘- q i ”  I sd. No

payment will be made for su(-h screening

7-04 EXPLORATORY AND GROUT HOLES :

a. Ge ne r al : All holes drilled and grouted from the gallery sha ll
be at l0—i oot interval s and are referred to as pr imary  holes. Secondary
hole s are within the area covered-b y the concrete port ion of the C l a p . ,  ‘ s~~

of the galleried area. Tertiary holes embrace the area of ~~~“ o-s r fl ,
~ i

embankment . Quatenery holes , the last to be dr i l led  and gr ou t i  si , -* i ~ it-

in the east abutment area. Hole group ings ~re to be d r i l i ~~oI .n ti.. - .~~~‘ i .

outlined above. The numbe r of g rou t  holes shall be in s  r s - . . seob  i s , ’ - , - ’ I !~~~~ f l 5 ’ ~ -

by the øplit spacing method as deemed necessary by ti~ - Ar e 1iit .~ I - 1 1 5 * 1 1 *  *

until the amount of grout taken indicate s that the found at i on  is  L i  g i st - I i . .
use of grease , “rod dope ’, or other lubr ican t on ro ta ry  d r i l l  rod -s w i l l  i * • ~ t

be permitted. Each hole drilled shall be protected from clogg ing or
obstructions by means of a cap or othe r suitable dev ice ;  any huh -  th it
becomes clogged or obstructed before c~orn pletion of o J ) e r a t i o ) n M  Hli . . ~l he
cleaned out in a manner sa t i s fac tory  to the Archi tec t -Engineer  or another
hole provided by and at the expense of the Contractor .
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• - b. Grout hole drill ing: Grout holes shall be drilled with s tandard
rotary drilling equipment. No core recovery will be r t - qu in . •d  and the type

- - bit used shall be optional with the Contractor.  The di ains -t er of hole shall be
not less than 1-1/2 inches at the point of maximum p e n s - t i  a t i o n . No grout
hole will be drilled at an angle g rea t e r  than 45 degrec~-i t i s i - a s u r e d  f rom t h e
vertical nor to a depth g rea te r  than 85 feet  measured from the gallery or the
indicated construction lift. If, as the work progresses, it is determined tha t
holes to depths greater  than indicated in the bid schedule are n e c e s s a r y ,
drilling to such greater  depth will be ordered in w r i t i n g ,  and the dri hlin ~ to

depths in excess of 85 feet wi l l  be paid for  at a nego fiato-d ~wil pri a - , W I -  ~~~

a void or ar tes ian  flow is encountere d , the  d r i l l i n g  ups- rations sli il l I.’ . ‘ *1
and the hole grouted before d r i l li ng  Operat ions are  r e su i i u -d  i i i  ~ w I s  I s i j i .  -

grout so injected remaining in a partially completed hole shall be r i-iii .v’ -i
therefr om by was hing or other methods before it has set sufi -icit -nt l y 1s  ~, r s - ~~
redrilling. Redrilling required because of the Contrac tor ’ s f a i l u re  to
out a hole before the grout has set shall be performed at the C o n t r a -  i o n ’ -

expense except that where the grout has been allowed to set by dir ect ion ot ‘h-
Archi tec t -Eng ineer , the redri l l ing will be paid for  at the ra te  of 50 pi -r . - n s
of the schedule price for  d ri l l ing  the grout  hole .

c. Exploratory hole d rilling: The Contractor shall p s - r f o r i i i  s *i ~ I i
exploratory dril l ing as m a y  be required to determine the- condition ol ti ,,- 
prior to g routing or the (‘fr i-c- tiveness of the grouting opo-rations alt e r 

~ i ’ s . i i I i , ;. .
All exploratory drilling shall be performed with r o t a r y  dr i l l ing  equi~nhIs-n t
using coring type bits . Since the maximum recovery of unpredic table-  soft  or
fr i able m~iterials is of prime importance, the Cont rac tor  shall , w h e n  s i n - l i
materials  are encountered or when dIrected , use a s tandard  ball b e a r i n g ,
swivel type, double tube core barrel equipped with diamond set core bits and
standard core lifters , similar in construction and equal in p e r f o r m a n ce-  to
the Sprague and Henwood “M” series. The amount of, and the re -q u ir a-i,n -r. t
for , explo ra to ry  d r i l l ing  wil l  be as directed. The NX h ole-s sus ay h.- r.-~1,ii r - - * i
to be drilled to varying depths , with a maximum depth of 125 f e e t .  Sps -e i Il
care shall be exercised to obtain cores in good condition . Th e - (o nI r .is t o i
shall keep, in a niani?er satisfactory to the Architect-Engine er , and i s i s - n  i~~i,
to the Architect-Engineer an accurate driller ’s log of all exploratory h&ols- -~
drilled. The log shall include a non-technical descri pi ion of .ill t , s.i t a- r i.aI ~,
enco untered in the dri l l ing ,  their location in the holes and t h i s -  loc at ion  of
special features such as seams , open cracks , soft or broken roc k , p o i n ts
where abnormal loss or gain of dri l l  water  occurred , and any  other  ite m s of
Interest in connection with the purpose for which the exploratory drill ing is
required. Wooden core boxes will be furn i shed  by the Cont ra c to r , and ltia ~Contractor  shall place the cores in the boxes in the co r r es  t sequence- ,
separated accurately by wooden blocks , according to the m easure d  d i s t an t - e s
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in the holes. No box shall contain cores from more than one hole. The C O V e - r N
shall be fastened securely to the core boxes and the boxes shall lie de -hi v ,-r a- ’I

to the office of the Arch i tec t -Engineer  in Roanoke , V i rg in i a .  Exp l o r a t i s r y  h i d -  -
~

may be grouted under p ressure , if conditions so indicate , but in  all  su~ a - ,
the holes shall be grouted to full depth in one, operation and liii- Contrat b r  ‘.‘.

-
~ not be required to remove the grout  f rom any part  of the hole.

7-05 DRAIN HOLES:

a. Drain holes shall be drilled with standard rotary drilling
equipment. Drilling of drain holes shall not commence until all gro.i titsg
operations have ’ been completed. No core recovery will be require d ,u,cl th e
type bit used shall be optional w i t h  the’ Contractor . The diameter of th e- ho!.-
s)~al1 be not less than 3 inches ,

b. The location, depth , and angle of drain holes are shown on the
contract drawings.  All drain holes shall be drilled from the gallery. 

-

c. Black steel pipe employed for  guiding drain  hole dr i l l ing shal l
be carefully placed at the proper location and slope required.  The pipe
shall be suitabl y tied or braced to prevent movement during pouring of th e -
surrounding concre te .  Care shall he exercised to see tha t  plugs r .-q~t i r e - d
In the d ra in  hole p ip ing  ar- readily accessible and easil y r c x x x o v . i h l e - .

7-06 PRESSURE GROUTING:

a. Washing and pressure  testing grout holes: Immediately
before the pressure grouting of any hole is begun , the hole shall be
thoroughly washed under pressure and pressure tested. All i n ter s e c t e d
rock seams and crevices conta in ing c lay  or other w a s h ab l a -  . n . , t e - rj a l s  s l , . , 1 1
be washed with water and air under pressure to rel asuv a- as j u i t i .  I i  e,1 t h i s - s . -

materials as possible. If practicable, as determined by the A r c h i t e - i t-
Engineer , such m aterial shall be ejected from one or more- holes by Intro-
ducing water and air under pressuri’ into an adjacent hula- . In no c.ise sheath
such pressure exceed the maximum grouting pressure as directed. All
g rout holes shall be teste(1 with clean w a t e r  under  continuous pr s - ssss r a - up
to the required grouting pressure as directed . All holes sufficientl y t i g h t
to build up the maximum required p ressure  shall be washed at such
pressure an-d the washing shall continue as long as there  is any inc rease  in
th e rate at which water is taken , such increase indicating that fractures
are being opened by the washing  operation . Open holes in which no p r e s su r e
C Jfl bC built up shall be washed f u r  a i~~ 

n o d  of five- railnutes , with  t h a ’  piax.ip
operat ing at full capacity, or for such period of time as f ra c t u r e - f i l l i n g
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V
I. being removed, as evidenced by the escape of mudd y w.ster throug h
surface openings or other grout holes.

- - 
b. Grouting pressures to be used in the work will vary with

conditions encountered in the respective holes and pre ssures used shall
be as directed. It is anticipated that pressures will range from 0 psi to
80 psi , but in no event will pressures in excess of 100 psi be required.

c. Grouting : All pressure grouting operations shall he’ pt-rfurmed
in the presence of the Architect-Engineer , and shall be i n  a~~~ordanc - - w i t h
the following general procedures .

- (1) Grout mixes: Mixe s shall be in the propor t ions  d i rec ted
by the Architect-Eng ineer who will , from time to time, direct changes
to suit the conditions found to exist in the part icular  grout hole . The
water-cement ratio by volume will be varied to meet the hara ctc -r isti s
of each hole as revealed by the grouting operation and w i l l  range b -twet”t
3.0 and 0.6; the greater part of the grout probabl y bei ng p La c e - s i  ~t .i r , t t c ,

of about 1. 0. Grout shall consist of portland cement ,tnd wa t . -  r -

(2) Grout injection : Grouting confica tions ~,hi thl ii.- p e n s  e r s or
nipples at the Contractor ’s option . In general , j j

fl 

p E e -  urt- ts- sts h u h . .it,-
tight hole. grouting shall be started with a thin mix. If an op ’-ta h i e , h s -  • s. ’u.h itson
exi sts , as determined by loss of drill water or inabili ty to build
up pressure during washing operations , then grout ing sha l l  be s ta r ted  with
a thicker mix and with the grout pump operating as nearly as practicable at
constant speed at all times; the ratio will be decreased , if necessary,
unti l  the required p ressure  has been reached . Wh - - i i  t lsi - pressure tends
to rise too high, the water-c-,’ment ratio shall be- inc r .-ase’d ..s may  be’
required to produce the (Ie’in red re-suit s . If nec i~s .try to .~e•I is- ye- p r e st . .e t . ar e
stoppage , periodi c app i Is - i t  ions of w a t e r  unde r p r a M  ~- sai  r i  sIsal I la ’ u i - a u .-

Under no conditions shall t h e ’ pressure- or r et.- e, f $is xuaa ~.il.g his - s a s s  r a - . . H a - , I
suddenly as e i ther  may pr cs ( lu( -e a w a t e r — h a m m e r et i . - s  t while h xiu.u y ;sr.’.u...Is-
stoppage. The grout i  ng of .uiy hoist ~lseelL not 1,e, e c ,ns ide ’ red uuss ~il a te- tint ii
that hole refuses to take any grout whatever at three-fourths of (lie’ i , ., i . i  -

mum pressure required for the respective hole - Should grout la-ak e h s - v e l e u p .
the Contractor shall calk such leaks when and as directed , the cost U.s- i- n i l

being Included in the contract price . In the event sur face leaks or “hr.- ..; -

outs ” occur that cannot be ef fect ive ly  stopped by c a lk i n g . the hole- sh a h
grouted by the 5packer grouting ” method described h(- rein. The hu ed. - - - I
leak ing f i s  sits re shall be f il led  with thick grout , the’ pump ing di $ (-(,nt as s - . - I

— and the g u-out allowed to Net sufficiently to rt•qui r’- sh rillin g to e li- sn I h o - I . - ) .

• The, hole shall then be driLled to the next depth and washed and clea,ic-,t iii
the normal manner.  A packer shall then be inserted in the hole and se- ,eta - ’l

-~ 
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near the bottom of the previously gro uted section. The grout shall then be
injected Into the lower portion of the hole throug h the packer. Afte r
gro uting to the final depth the packe r shall be withdrawn and ful l p ressure
app lied to the pipe connection located at the collar of the hole. The packe r
used shall be a type approved by the Architect-Engineer which shall provide’
a positive seal against the bypas s of grout. If, due to size ,xtt d c o n t i n u i t y  of

f ractur e, it is found impossible to reach the required pressure i i f t e r  pump ing
a reasonable volume of grout at the minimum workable water-cement ratio ,
the speed of the pumping shall be reduced or pumping shall  be stoppeil
temporaril y and intermittent grouting shall be performed, allowing seif fi-
d ent time between grout  injections for the grout  to s t i f f e n ,  Following suc h
reduction in pumping speed , if the desired result is not obta ined , gr o u t i n g
in the hole shall be discont inued when d i rec ted .  In such s-vent , the hole- shall
be cleaned , the grout  allowed to set , and addi t iona l  d r i l l i n g  and g r o u t i n g  sh;all
then be done in this hole or in the adjacent area as dirt- cted , until the- desired

resistance is built up. After the grouting of any st age  of a hole- is finished ,
the pressure shall be maintained by means of a s top-cock or o ther  sui tabl e
device until the grout has set to the extent  that  it will  be n e t a i n e d  in the hole .
Grout that cannot be placed , for any reason , wi th in  two hou r s  a f te r  mix ing
shall be wasted. If such grout is mixed at the direction of the A r c h i t e c t -
Engineer , such wasted grout except as specified in paragraph “Measiirt’nient
and Payment” will be paid for at the contract unit prices for the material s
contained therein.

(3) Equipment a r r angemen t  and operation. The ar r a ngc - s s s . - x s I
of the grouting equipment shall be such as to provide a continuous a ir s su i t  i - ’ i .
of grout throughout the system and to permit accurate pressure control by
operation of a valve on the grout return line, regardless of how small the
grout take may be. The equipment and lines shall be prevented from
becoming fouled by the constant circulation of grou t and by the periodic
flushing out of the system with water. Flushing shall be done with the
grout in take valve closed , the water supply Valve open, and the pump
running at full speed.

d. Protection to work and cleanup: During grouting operations
the Contractor shall take such precautions as may be necess ary to pr event
drill cuttings , -qUl pmctnt exhaust  oil , was h water , and grout , f rom defac ing
or dam aging the permanent s t ruc ture .  The Contractor will be required
to furnish such pumps as may be n e- cessary to care for waste water and
grout from his operations. The Contractor shall , upon completion of his

• operatio ns , clean up all waste resulting from hi. ope r ations that is
unsightly or woul d interfere with the efficient operation of the project as
anticipated by the orig in al design.
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.. Records: The Architect-Eng ineer will keep records of all
grouting operations, such as a log of the grout holes, re- suits of washing

- - and pressure test ing operations , time of each change ol ~ roieh ing operation ,
pressure, rate ’ of pumping, amount  of cement for each • h s - a i s g e ’  i t s  w a t e r -
cement ratio, and other data as deemed by him to be ne-c s - S b  ary. The
Contractor shall furn ish  all n e c e s s a r y  ass is tance  and cooperation to th i s
end .

7-07 MEASUREMEN T AND PA YMENT:

a~ General: The contract prices for the various items of won ’
and materials shall constitute full compensation for mobilizing, d en i n h i l i ~’
and furnishing all equipment necessary to perform the drilling and 1- • r o s s l  h a .-

of the s t ruc ture  in accordance with these specif icat ions;  all d r i l l i n g ,  w-s~ I - a
and p ressure  tes t ing  of grout holes; ca re  and disposal of w a -’~t . -  w a t . - r  i i i . !
was te  grout;  c lean-up of the si te;  fu rn i sh ings , hand l ing ,  t r a n s p o r t i , i ,~ n.I

storing of grout materials; and furnishing all labor and supp 1i a- ~ u se. i d i - r a t  1
to the work. No payment will be made for grout , or th e - n i a t e - r i . . l  o r s ~~ t j t t a ~ - t s t ’ ,

thereof, wasted due to imprope r anchor age~ of g rout  pi pe- or • I ) ! if l a ’ (  I s -  -~ ,

which is wasted due to negligenc e on the part  of the C on t r a c t o r , nor  for
-. grout whi . -h is rejected by the A r c h i t e c t - E n gineer because of improper

mixing. Payment will be made at the applicable contract unit pric -s for
materials  contained in grout  which are was ted , where  the  w a s t i n g  1~. u.sh~
due to negligence on the part of the Cont rac tor .

b. Mobilization and demobilization: The cost of assetinhiling .slh
plant and equipment at the site preparatory to initiating the work, and for
removing it therefrom when the drilling and grouting program has been
completed , will be made at the lump sum pric e bid for “Mobilization and
Demobilization of Grouting Equipment”.

c. Drilling grout holes: Drilling of grout holes will be meassirs-ul
for payment on the basis of the linear feet of holes actuall y drill -d in ro.
or conc r et e as nhow ’n on the drawings or as direct ed, including all  i , i t ’ - r , ,  . - u h i  a l a -
holes. Payi-nent for cI rUling grout holes will he’ is- s-uI.- i t  h I s , - a u , u i  I pe. I’ ‘-  p’
lInear foot bid for “Drilling Grout Holes”.

d. Drilling explora tory  holes: Drilling of exp l o r a t o r y  hole- s w i l l
be measured for payment on the basis of the linear feet of holes ac tua l l y
drilled in rock or concrete , as directed by the Archi tect-Engineer .  Payme nt
for drilling exploratory holes will be made at the unit price per linear foot
bid for “Drilling Exploratory Holes”.

e. Drilli ng drain holes: Drilling of drain holes will be mea sur e d
for payment on the basis of the l inear feet of holes actual ly drilled in
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- - concrete and rock a. shown on the drawings or as directed. Paym e-nt I . ,
drilling drain hole. will be made at the unit price per line ar foot bid f o r

- - 
“Drilling Drain Holes”.

f. Grouting connections: Payment for connect ions  to grout  a
holes found necessary for the purpose of injecting grout , as detcrinine-d
necessa ry  by the A r c h i t e c t - E n gineer , will be paid for  at the ’ uni t  p r i ce
per connection for “Gr outir i g Connections”. Payment for each such
conn ec t ion will be made, regardless of the amount of grout  actuall y
injected , at the established unit  pric e per connection.

g. Foundation grouting: The operation of fu rn i sh ing  and
placing grout will be measured for payment on the basis of the number
of cubic feet of material, exclusive of water and regardless of the
proportions of the mixes , sa t is factor i ly  placed. P ayment  for f u r n i s h i n g
and placing grout in grout and exploratory holes will be made at the  un i t
price per cubic foot bid for “Foundation Grouting” , which pr ice  shall

f 

constitute full compensation for  proportioning the mix as directed , and
mixing and inject1~ g the grout , all as specified h e r e i n  or a~ u1 -iay lu
directed.
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CLLLC!~ LIST
HYDROLOGIC AND LLYDRI,ULIC DATA

• ENGINEERING DATA

DRAIn\GE AREA cIL~ftAcTERIs-rics: Wooth-d/Arglcultural - 60 faq . ml.

EJ.I-:VAT1ON TOl’ ~ ) k~~L POOL (STORAGE CAPACiTy) : 78S 17000 Ar. ft.

ELEVAT ION TOP FLOOD C0~TROL POOL (STORAGE CAPACiTY):__
Snm ’ as nbovc

RI EVAT ION MAX it-lUll DESIGN POOL: ~~~~~ - 302
- 

Eu:v/TION TO1’ DAM: !~1~~ -

CREST : Principle  Rp il lwa v

n .  )- ;li-v~st ion  2R’i f tet
___________ __________________________________

1’. •
~
I5ypt’ ._ .-__J~T~~~~~~~

__ _ _
C 5  ~7[(Ith 22 () i v t t 

—

ci. 1ar n~~tK~
e. Location Spiilover North ~f mid—point of Dam

1. Number and Type of Gates None .

OUTLET i-1ORI~S:____________________________________________________________________________

a. Type Valved pipe . 
-

• b , I.~ cat ion.. Sth end of Sp lllwa-iy.

- 
- c. )- trnnc’a- inverts __________________________________________________

d. )-:x i t  issvc-rtn_______________________________________________________________
e.  }.nur~sa-ncy dra i ndown facilities 4fl” 1~iJ)t~ -

)1yl*o:4E-r~;o1to1.o(; ICAL GAGES: 
-

a. Type - -

b. Location ____________________________________________________

c. Records _____________________________________________________

)IAXD-iUzi NOH-D~)4&GiNG DXSc1IARçE~- 53038 cf~ .

-9

I

_ _ _ _  

‘ S i
-a - — -- - 

- -a-----a-~:ja-~ ~~~~~ 
— —____ - _ _ _ _ _ _ _ _ _ _ _ _ _
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V
BROAD RUN DAM

lIst of Data Av,s I lnbie

Furni shed by:

Town of Man assas, Virginia

1. Report of Water Supply Study of 1966.

2. Plans — Broad Run Dam and Impoundment , Town of Manassas ,
prepared by Hayes , Sesy , Mattern & Mattern , Roanoke,
Virginia. -

3. Specificat ions — Contract documents for Rroad Run Dam.

4 Hydrolo gIc and Hydraulic Data — Optimization of Raw Water
Interconnections , Washington D.C. area for the
Corps of Engineer., Norfolk , Prepared by GKY 6
Associates , Inc., Alexandria, Virginia .
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