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• Gcctcc:hnicallnvts(ip.lion 
• Site Survey 
• Coodition SUO'e)' 

• Flood Study 
• DamEVI~ 
• Mitiption 

Tho mitiption sedion 01 this report provides a ~iminary design for • IItW dam COIlSU\ICIa at tilt 
pn:5aII siIe of the eu.istint dam. The preliminary desip consisb ol a 00Il eslimatt and preliminaty 
design SIUlCbcs. Should tilt Williams Lake Consavation COIn~y elw.>osc to pooc:«d with the 
~ oil _ dam the fol\owiaa e<.:U'K 0I..n.. are mxcnm-'"t . 

• Submit IPPIications 10 regulatory lutbcJrilics inchlding Non Seotioo Oq.utmcnt of 
EnvFon/nen( and labor, Navigable Watcn and the DqIattmcnt ofFisbcrits. 

• p,wotd...-.a thedcsiga.nwirtgi for the _dam COIIItructioa.. 
• Invite TeDden from approUnatdy I'ourcontrldOD. 
• Upon receiviDa po:nniU 10 c:onstruct the: oonstruction should proccod during the summer 

toomhs prefcnbly beN ..... July 10 Sql(embcr. 

¥MeL has ~ldcd enginccring servic.cs for a numba' of similar projocu mcluding pernlit 
apptieations and we _Id be pbsed 10 provide fees for these services upon your ~ 

We trust !be above information and the: mcloJc,d dam evaluation reporI is 10 your setisfac:tioa. YMeL is 
available should you have any questions. 

Thomas A. Mosher, P. Eng. 
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1.0 L"ITRODUCTION 

t.I G"n" ... 1 

As part 6f the ongoiDg pn:servation activities of the Williams Lakt Conser.'Jlion Company. 
YMeL was eornmissioncd 10 complete an engineering evaluation of the Williams Lake Dam.. 

Should this eIo'lluatioa dc1ennine !hat repairs and/or strengthening of tJw: dam are required. 
the construction would be CCKlfdioated with presenl scbtdules and budgetS. 

The following evaluation report was prepamI by YMCL Engineering Limiled. The report 

includes the fmdlngs o f the site investigation and the evaluation of the existing dam.. The 
existing dalI1 W'llS e>'aIualcd using: the: '"Dam Safd)' Guiddines" prepared by the CIn.!ian 

Dam Safety Awxialion. 

Structura1 drawings were DOt availabk (or the: existing dam; lheref~ dJawinas were 
(OC ejAlied 10 indicare the: existing geometry of the dam stN;;:tute as well asdetailsofthe waJeJ 

eontroI str\II:tIJleSand spillway ehanoeJs.. These drawings are included in AppaJdix B of this 

""""-

The dam n'lluatioo report includes the fiDdinp from 5C'\'tnII in\'tSIigations that are included 

in this IqlOf1 and form the oYa1.ll Dam EWuation. The fo~ invesliptiom baY't hem 

tompleted 115 pan ofthjs Dam E\'Iluation: 

• Geofeclmica1lnY'tSligation 
• Flood Study lnvcstiption 

• SilC Survey Invesligation 

1.1 HisIOricaJ Information 

The Williams Lake Dam is presently used 10 reWn water from Williams Lake. Williams 
Lake is used (or re=:atiooal purposes. 0Iber uses could consist o( an emergency w-ater 

supply and fire fighting pwposes. 

The original dam _!his location may haye hem construc:&Cd in the early 1900's and provided 

water for a sawmill and logging opcmtion in the 8leL 



2.0 DM I DESCRlPTJON 

2.1 Gnleral Description 

• The Williams Lake Dam consists of an eanblrock dam structure and an overflow c~1. 

The dam bas two functions; ODe 10 retain Williams Lake as a ~ of It:aeatioo for the 

houses sUfl'OUllding the lake and ('NO 10 provide a minimum flow 10 the stream below the 

dam. 1bere lIni few U5eI'S do"ft1lSU'eam that use the water in the stream. 

The following paragrapbs provide a getletal desc:riptiora for each area of the dam. Refer 10 

Figure I and 2 of ApPtDdix B that indicate the location plan and site plan for the dam. aDd 

surrounding areas. 

2.2 Eartla 0. ... Stl'lldnre 

The earthfrock darn structure is approximately 200 fCd long with ends running more or less 

into the original terrain 81. each end of the dam. Refer to Figure 2 of Appendix B indicating 

the general a:rranaemeot of !be dam. Reftl" 10 Photograpb 1 of Appmdix A. that indicates 
a view a1cng the lOp of the dam. The IIJISI=IIII face DellI" the omln: of the dam consists 

mostly of SlOne rubble. grout bags and cast-iD-place wncrete placed on top of the roch. 

Refer 10 Pbotograpb 2 of Appcodix A. indicating the &JouI. bags on the upstream face of the 

dam. The ceotte section of the dam is approxim8I.ely 60 feet long. The dam on each side of 

this cenIre 5IeClioo appeaB to be consauctcd of a rock and gtavel fill. 

AI the centre of the dam tbere is a 30 foot .... ide area that has been backfilled with IIllJC rocks 

that \'Illy fum I foot 10 3 feet in diameter. This area of the dam is flanked by a gabion basket 
wall on either side. Refer 10 Pbocograpb 3 of Appmdix A. ind.icatin& a view of the rod: 

backfill IIlJd the galrioo t-kets. 

2.J Onrflow ChaDD Ci 

There is an o...-aflow dJaDDd 'oca,..t approximately 25 feet soutb of the dam. The eIevatioo 

of the m'erllow channel at Williams Lake is 60.37 fCd whieh is slightly Iowa lhan the am 

of the dam in front of the rock fill . Refer 10 Photogtapb. 4 indicating the entrance to the 



overilow channel at Williams Lake. Refer 10 Figure 2 of Appeodix A, iDdicating the location 

of the overflow channel. 

2.4 Spilhny ChallDel 

The spillway channel is approximately )0 feet wide and starts at !he toe of the dam. Refer , 
10 Pbotognpb S indicating • view of the spiUway channel from the ClCSI of!he dam. Refer 

to Figure 1 !hat indicates !be Ioc:atioo of!be spillway channel and sueam from Will~ Lake 

to the Northwest Ann. The stream mlerS!he: Northwest Ann at !he: Royal Nova Scotia YacbI 

Squadroo. Refer to Pbotognph 6 of Appendix B that indicales the box culvert UIIder 

P'utoeU's Cove Road. BcNttn P'utoell's Cove Road and !he: North .... 'C:Sl Ann is. small pond 

that is on the Royal Nova Scolia Yacht Squadron popeoty. There are three culverts at one 

end of the pood that empty into the Northwest Ann. 



""" . 
3.0 FIELD INVESTIGATION AND CO/"l1)ITJON SURVEY 

3.1 Geafnl 

A field investigation was completed on CIctoba- 20, 2004 to obcain existina infonnalioo for 

the dam facilil)' 11$ well as to dC'ttrminc the existing condition of the structure. The site 

. investigation was COOlpIeted by Tom Mosher, P. Eng. afYMCL Engincning Limited. 

A Geotechnical investigalion was toIIlpletcd on October lQ, 2004 by MilCbc~ 

Engineering Inc. During this investigation three boIeboles were drilled tbrougb the lOp of 

the dam. A copy oftbe geoteehnical repo:;M1 is included in Appendix D. 

A 5il(: survey was completed on November 1,2004 to detennine elevalioos and geouaI 

geomwy o f the wrious suucture5 of the dam facility. The silt 5UtVe)' was oompleted be 
Stephan VBughan Surveys.. A beochmar:k was eslabIi5hed at the site. 

The site in"T$ligarioo cansi$lCd of 11 walko,,'tt SUI"<-ey of the nnMnbnent dam. The str\IetI.lI"e 

v .. as photographed to indicate tbe existing condition of the dam. 

The ~raJ ~tion of the cartblroek dam is in an 8dvmocd state of deterioralion and is 

prone to !leVeral factors which could cause overtopping. Ovatoppin& of the dam is possibk 

depcndin& OIl the ~ty of wind, fiood, ice conditions and water levels. 

The dam is eornpletely CO\-ered in vegcanion on the cnst and do .... nstmun sides nfttle dam. 

Refer to Photographs 1 and 7 of Appendix A indkating the severity of this ~ As 

indkated in these photographs this vegetation consists of small bushes 10 mature trees. 

Vegetation or this cxtaJt prt:SaIlS 11 pofentiaJ danger to the inlegrity of the Dam. The root 

systems create 11 channel for the water 10 flow and ""ill emile piping throu&h the dam. Due 

10 the roek: C()tl)tIocUon of!be dam tbe root systems are usually very shallow and when the 

ttee is damaged OJ" felled by "'ind. the integrity of the dam structure will be compromised. 

The photographs indicate some damaged trees.. 

• 



At the 30 foot ",ide spillway section, water from Williams Lake passes through and under 

the dam, Refer to PhoIognIpb • of AppendiJr; A indiCllling the flow &om the IOC of the dam. 

Tbcn: is a major kak just to the north of the spillway area, refer to Photograph 9 of Appendix 

A that indicates !he 1oc.rioo of this leak. 

There is evideoee that the crest of the dam has been O\'ertopped, refer to PbotognvJh 10 of 

A~x A that indicaks a _ Iy eroded area on one side oftbc spillway, There is also 

erosion 00 the upsueam side oflhe dam. Refer to pbcMogJaph II of Appendix A indicatin& 
this erosion. Refer to Figure 2 of Appendix B indicating the location of these two I1aIS. 

Depending 00 the water levels and )cc cooditioos over the next few years; dam failure at 

these locations is imIIwlcnL 

3.3 OvfrflowaaDDd 

The overflow channel Iocakd at !be: South End of the: dam has DOt been p upa ly cugincem:I 

aod the: level of water Ilw enten lhis channel appc:an, 10 depend on the IIIDOImt of debris 

coIlcded at the inlet 10 !be channel, Refet to PbcMgIapb 4 indicating !he inle!: 10 the: cbanneL 

The: inlet ekvation II Williams Lake is 6037 fed, this is approximatcly 10 inches lower 

than the ekvation of the lOp of tile dam. the lowest poinL Therd'ore watetfioom Williams 

Lake will now into this overflow channel prior to oVeJ1Opping the dam, Refer to Figure 2 

o f Appeodix B indiearing the location of the overflow eharIoel. 

3,4 Spilh"'yetaaDDd 

The: spillway channel 'P\X'dIs to be in good cood.ition ao:I there does DOt appear to be any 

erosion 10 either side o f the channel. The spillway channel appears 10 be the original 

rivabcd &om Colpitl Lake ao:I Williams Lake to the North..est Arm, Refer to Pbotognpb 

12 of Appendix A for a view of the spillway channel. As indicated in the photog:raph the 

riva" flaws lIIIIuralIy bough tbc: existing rocks, oo.·ldm aod bcdrod: at the base oftbcsmall 

valley, 

The si~ of the riVet are bcavily vqetatcd with Inle$ and bushes. During heavy rainfiII.I 

c\'mts the entire dam at Williams Lake is O\'ertopped.. During these events the river has 

inundated the valky on either sides of its banks. The veg$liOIl OIl each side of tbc: riVet is 

a pCJ(Cntial hazard to structures downstream aod should be removed, 
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3.5 Geotec:bnicallnve5llgl tion 

A £"""""*micl Invecripjon at !be: site was ~ on (klOber 20, 2004 by MitdJeImore 

Engineering Cornpall)' I...imitM. R£fcr 10 the ..... ....mirn! rtpOI't the! is included in Appmdix 

D. The Iocalions of tbe boreholes are """"..., on Fig1lre 2 of Appc:ndill: 8 . The level oftbc 

bedrock is also located on the dam sections !hal are sholllll on FigURi 3 and 4 ()( Appendix 

B. 

Refer 10 Pbotograph 13 of Appendix A indicarin& the drill rig on the dam in !he pt'oc en of 

one of the bottboIe inslallations. Refer 10 Photograph 14 tbaJ $bows a view of rod: COle that 

was retrieved from one of the boreholes. 

The elevations ~ for the top of tbe bedrock vary substantially between the Wee 

bu. I •• Ies This surface of the bedrock is wry simi1ar 10 tbe bcdn:dc 0Ula0pS !hat SJe viSIOk: 

around the lake. 

At all three bormole locations there were no evkIenoeofacore in the dam. Cora are usually 

coostructed ofimpmncable nn material with I high day conlCnl and till eonteDt 



·to EVALUATION 

4.1 ~De ... 1 

As indi<:ated in the imrodI.Ictioo the dam was ew/uatcd using tile CarwlilU\ Dam. A ssociarioq 

(CDA) "Dam. Safety Quidelina". 

The Williams Lake Dam. CD. be COIl$idem:la high potential for failure based on tile existing 
ccndition of tile Dam. and tile inability oftnc dam 10 resist !be Inflow Design Flood (IOF). 

The following sections indicate the resuJts of the flood study aod the cvaluation of the 

Williams Lake Dam. 

4.2 Flood Study 

A flood study \\'1$ compktc:d by Ekisties PJanning and Design 10 dctermiD: the flows III the 

dam and water elevations of Williams Lake during heavy rainfall and stann n=u. A copy 

of the F100d study report is included in Appc:odix C of this dam cvaluation report. 

An inundation mappin& study was no! part of the scope of work fill' this dam e..-aiuation. 

Howe\'er, based on the review of the oontoun downstream from the dam and the site 

conditions it is safe 10 coocludc: that lilly floodwaters from stOfm events win be contained 

within tile small valley downstream from the dam.. The only piopt:&1y and $IlUCt\l/'IlS 'Aithin 

this valley are the following: 

• One house located 10 the nonh of the river III the PuroelI's Cove Ro.L 

• Purcell's Cove Road. 

• Royal Nova Sroti. YKhi Squadron. 

Based on the preliminary in"estigation the do""nSlJeam the consequence of tile Williams 

Lake Dam can be !!5$Iunrd a LOW n;mscqumce.. A LOW c:onJcqUC:DCe wouJd result in DO 

fatalities and!lOTJle property damage should a dam failure ('OOX\l/'. If we as:surne that the dam 

is. LOW Conscqucnoe tile ' / 1000 year stonn everu would then be 9I:1ectcd as the Inflow 

Design Flood (IDF). The .... ater elevation during the 1l1000)~ storm n"ml is elevation 

63.9 feet.. 
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Presently there is no control structure. !he WiUiams Lake Dam. Waitt flows through and 

under the dam and provides flow for the small stream that leads from the dam 10 the 

Nonh\\'eSI AIm. As a result the waler ~~ls of Williams Lake cannot be controlled and as 

• result the lake is often dry durins extreme dry moruhs during the summer. 

There are only are only t'Ml users that use water from Ihe stream that leads 10 the Northwest 

Ann. The flow that is removed should be drunnined and • minimwn fk:Jw would then be 

selected fOl" the rh-er. 

4.3 F .... rt.b Oant Ev.l .... tioa 

The evaiuatioo for the Williams Lake Dam includes. review of the dam for the following: 

• Piping 

• Slope Stability 

• FlU: Board Allowance 

• Discbatge Capacity 

The following pIIf'Igr8phs provKIe cfucussioos 011 each of Ihesc: items. This <liscuss:ion is 
baxd on • limited knowledge of the construction of the dam. 

4.3.1 Pipi .. , 

A traditional assc:s.sment of piping potential for lUI embaokmml dam requires conjecture and 

judgemeru 10 qualify roning in the dam, fitters (if present). quality of 0CKIJtruCti0n, 

foundations and pel'fonnance indicatOB. 

Within the ranking criteria (OJ" susceplibility 10 piping. Williams Lake Dam is oonsidered I 

risk for piping btca' .... orlbe assumed inlemll structure and visual cvidetx:e o f ~ at 

the toe of the dam iD two Iocatioo$. 

43.1 Slope SllIbilil)' 

The slopes III Williams Lake Dam appeared stable and did not ilIl1$1n1lC my historic sip of 

iMabiJity. 

YMCL &gilfurillg Lltnltd 



Freeboard is the vertical distance between the crest ofme embankment and the lake water 

surface. The survey lhal .... '3$ completed during th£ site visits 10 the Willianu Lake Dam 

indicates that there is no freeboard available. 1be CDA Guidelines outline fKoeboard 

requiremen~ as the following: 
• 

• Full SuwJy Lem pill.'! ~and!let-up due 10 the Inooo AEP wind ew:m (NonnaI 

Freeboard). 

• Design Flood ~I pill.'! waves and sd-up due to the 11100 AEP wind event 

(Minimum Freeboard). 

The m:ornmmded minimwn and maximum freeboard for reSlefVOirs with feu:b ofless than 
I mile is 3 feet aDd 4 feet, Icspecti~'dy. The values _ ..... adesign .... iod speeds of 100 mph 

and 50 mph for !be normal and minimum situatioo and a Cft:St height equal to 1.5 times th£ 

5181'i&"'11 wa~·e bcighL 

For Williams Lake !be water elevation at 1II000)'alr evenl is elevation 63.9 feet. For lUI 

eatth.Iroclt dam CODStl'UCtCd at this lake 10 CI'C:SI elevation should be approximately 66.9 feet. 

1be at:SI e~ of the Williams LaU Dam is pcsuilly at eIewtioo 60.43. Thuefure the 

dam is appro)(~ly 6 feet lower than required by the CDA guidelines . 

• .3.. -. 
The Canadian Dam Associatioo Guidelines indicale dw discharge facilities must be capable 

of passing the ln110w Design Flood (IOF) witbou! the rcservoit level infringioa 011 the 

freeboard for !he dam. 

Visual evldeuce eonfinm inadequate discharge capacity for the WLiLianIs Lake dam due 10 

freeboard and di9charge defu:icncies. The darn is overtOpped on a resuJar basis during heawy 

rainfillls and has cau ...... extensive erosion of!be dam. 

• 
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5.0 MITIGATION 

As iodicated in the previous sections of this report the Williams Lake Dam does DOl satisfy 

the basic requirements fOf an eanb dam in the follo .... ;ng areas: 

• 
• Insufficient freeboard fot" all structuft$. 

• Piping development at I\\-U locations. 

• Potential ((If loss of dam integrity by 1Opp1in& of tmcS 011 the crest and doYo'tlStrQm 

-<>p<. 

• Insufficient discharge capacity to prevent ovenopping. 

To satisfy these basic requimnents the following tasks should be WJdcnaken .u soon as 

possible and in the order of importance: 

I . TIle reservoir water levels be lowered II! , precaution. 

2. Remove tbc existing structure and install, oew dam $lIUCtlIJe tha1 .... ill control 

flow into the stream downstream from the dam. 

TIle foU.owing paragraphs describe each of the above altemllives and !W"ide cstim,.rd 

coostructioo costs. 

.!i.1 LowerWlt~r Lev~b 

As a maner of public and environmental safety. corWdcnnion should be give 10 Iov.-aina the 

water levels in the Willianu Lake approximately two feet: below the top of the dam. This 

ek>'8tion ~ be appuximatdy 5a.s fen. This .... '3Ier level should be mIinrained uruil the 

full scope of mitigation ilemS have been completed Of lIddresscd. 

To maintain Ibis .... lIter le,'o:l , temporuy pump and piping should be installed A 

sedimc:llwioo stn.ICtI.ae: should be installed at the outlet 10 prevent sediment from the 

ptmpingopuaIioa entain& the ~ The pump ~ require a k>'d indic:aJOr to acti,* 
the pump as the water rises above elevation 58.5 feet. 



p. II 

lkex;oring dam does DOC satisfy the requ1:tunalU of tile Canadian Dam Association (COA) 

"Dam Safety GuidtliDes". There is no method that could be dtveloped 10 rrinforcc or 

modify the existing dam oonfiguration. When the orieinal dam was CXIOStruCtOd the 611 
~....at: pllIDCd 00 topoftbc existing grade: and IbeI't does not iippU1i 10 bave been any 

atten1pt to creaIe an impermeable t.yer inside the dam. There .... "!IS also 00 atten1pt 10 create 

• key into the bedtuck.. 

As iDdicaled in tbe Geotechnical Repnn the elevation oftbe bedrock sun.oe is reJativeJy 

close 10 the top of the dam elevation. TheR:fore any suocessful dam oonsuuc:ted It this 

Iocalion mUSl include a seal betweal the dam.oo the bedrock surface. This reqlliran£nt will 

ddermine the type of structt= that oouId be coosuucted at this location. 

The xcood requiremc:Dt for a dam IXIIl$IruCted at !his 1ocatioo will be Ii:) maintain a minimum 

flow to the downsueam river .00 retain wa!er leveb in Williams Lake to ensure the full 

potential of this lake is maintained during dIy SlIIIllIItt months. 

Therefore !he folJO'o'Oing are !he requirmlen.ts tha! IIDY new dam C()IISIrUCted al this localion 
must meet or excc:cd: 

• Creale watertight seal Ii:) the bedlock. 

• Control structure 10 p-ovidc: minirmm flow dowlIStream and 10 regula1e lake levels. 

• The new dam should satisfy recreational uses around tbe dam. 

• Salisfy safety criteria 

• The dam must be a low maintenanc:e facilil)'. 

• Dam 5bouId be _hrtically pkasina .00 suit the environment. 

A number of alternative dam de$igm and configurations were revin>--ed for this location. 

MOSI of tbe!ic dams did not satisfy all the requirements as indicated above. 

The dam configuration most suitable for this sile and also the 1DO$l economical, is a dam 

structure very similar 10 the existing dam.. The existing dam piC9Eutly openteS as a broad 



PIlIt 12 

crested ",'ric, hov.-evcr it was Dever properly designed 10 resist the WlI1er flows during storm 

events. The existing dam also does have any control of the flow. 

The intent would be to design a dam that would be stable during the IDF and pn:~~t 

constant leaking through and unda the dam. which would ensure water ""'lIS retained in 
Williams Lake. 'The dam. ",uuld be overtopped during storm events 5I.lCh as I: 1 0, 1: I 00 and 

the 1:100year. • 

Rtofer 10 Figwe 5 of Appmdix B that indicates a plan of the proposed dam. Sections through 

the dam. are shown on Figure 6 of Appendix B. As indicated on tbesc: soctions the broad 

CRSIed w~ir dam o,mu!d consist of a IXIIlCfete oore and rockfill on either side of!he core. The 

CODCl'rte COR: WlL'l selected II!'l !he only feasible means 10 seal the dam to the bedrock. 'The 

rock placed OIl the downstmlm. slope will be designed to resist the flows lIS a result of the 

IDF. A simple CQIltroi sttucture consisting oftlm:e 8"')( 8" timbers used as SlOp logs enable 

Ilows to be adjUSlCd in the stream. 

The construction cost mIMIC for this dam oonfigumtioo would be approximalcly S 275,000. 

This estimate includes d.emolition of the existing dam and environmental measures that 

would be required 10 pttVen! silt from entering the stream. or bcdroc.k during construction. 

I 
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Drawings 
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WOO.IM I..ab 
Outkt Dam Flood l?Jn.t!oa Estim.tes 

Willil.ms Lake is IoealedjUSI ()td. tile wban~ area orHllitu, aew PuroeI.l's Co~. 
The purpose or this work is 10 dctcnnine lIUppOI1abIe estimates for flood levels in the 
Lake resulting froIn design stonns Ill. the )00 and 1000 return period inler"Yais, fortbe 
PWVO I f or IIlowin& a dam .. ftty evaluatioo 10 ",oeecd, and 10 iIlfonn design of a 
replacau'."1lt dam Ill. a Iatc:r date. 

No flow mc:asurc:mc:ot data was available for tile watersbed, IIthough infonnation on the 
outlet structuR, and water 1evel .......... "eUlc::n1s made by a .eUdtnt were available. The 
forma- was used in Ihis worIr: 10 devdop a hydraulic rating ..wve for the dam. The latter 
serves IIiI Ine<:doal support for tile cooclusions reached by Ibis work.. 

The evaluation ~ various means of ..........:nplishing the dc:sin:d objeetiYl$, and 
tile folJowina pt0CtS5 was tmdertakerL The outId structure and valley teetion was 
examined, and I stagt: - dilClwge ~1ationship calcu1aled for the cross sectioo thae, 
using IIiI approximau: model section from Measweme:nt of Peak Discharge at Dams by 
IDdireet Method, by HIlTy Hulsing, IS pubtlsbed by The United States Geological. &avey 
(USGS). This IIlow:s one 10 esrimlle the level the lake will rUe 10 behind the SIi"uC:tW"e 10 
crate a givm 60w pusing over it. Thecurve is ~fem:d to ba"ein as a MiUting Curve~. 

The I'ICltt step Wl$1O estim!lC tbeomicaI peak flows that wouJd be apecud 10 be 
disebarged from tbe WiUi_ Lake watershed in ......... 10 diffcrart design storm 
~enlS. Three methods were used. and oompam1lO e8Ch other. The rlnl usod WIll the 
USGS 1"echniques fOl" Estimating Magnitude and FmJ:uency of Floods in RllraIBasinI: 
ofGeorgia~ from a region where the ~ was similar 10 this _ minimal toil 
eova-, rc:dy tcmin, and low infihntion. The second u:sc:d was The RIti9{III Method, 
usin, I SCS method for cak,,1aring the Time of Concentration in the watershed. Finally, 
after these thcoretical ·IDetbods yielded remarbbJy simiJIU" results, _ CCPmpIl"t:d those 
n:sWta with information from the Water &avey orc.nw, in their PrelilniDary 
E • .."inatjon oftbe Flood Following HutricaDe Beth, a storm that occwred in 1971 
commonly accepted as the closest rec:oIded event we have 10 I 100 year 5IOrDl event. As 
part of that wort, we also used the RcgionaI Design Flood Envelope Cwva that have 
beeu in use in NOVII Scotia siDI% 1966. 



The ratin& curve developed for the outlet (:Zl)5$ section flows: 
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This rating curve was calculated incrementally, assuming the same cross section Ihroogh 
the damfembankment, but adding the contribution of each rise in stage to the flow, using 
the formula: 

Q is tile outflow in cubic fed per socood (cfs) 
B is the width of the opening in the structure 
H is the-beighl above the base elevation, and 
C is a coefficient calculated for the cross section whicb Vlties with the depth of flow. 

The cum:nt structure passes wa1eI" lIS a fairly high rate (we estimated about 100 gallons 
per minute, or about 1.9 cfs). The devation of the bottom of the spillway is 60.4 fed, 
which is dose to the low point 011 the 00TICl"I:te dIEm ant. F~ the pwposes oftbis 
evaluation, it was assumed that this would be the initial elevation of the lake, prior 10 a --, 
Enimating Deslp F10ws 

The theoretical peak flows f~ the waten;bed form different design storm intervals were 
estimated using a rough method f~ prccficting peak flows f~ different storms in the State 
of Georgia, and then those results are compared to the peak flows devdoped using the 
RatiooaI Method and 1ocaI.Iy developed bydrological design storm information form the 
HRM Stormwa1el" Design Manual. 

lbe results of tile two methods were strilingJ:y similar, and are compam,I.p!I the 
following charts.. 
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The flows ror the 1000 year return period storm have been graphically extended on these 
eJwu. and botb urivc at 1500 d's. 

Tbcsc Ilows are large. The 100 year ~ flow rorm the Rational Method is 1020 els, or 
382.000 gallom: per minute. The flow &om !be USGS method i5 -.cntially Klmtieal. 

• 



In 1911, Hurrieane Beth devaslatcd much of Nova SooIia. Almost 12 incbes orr.in fell 
io • little ova' rv,.<o days. In. post storm 'SS"$crnrnl of the impact of Beth, the Wiler 
Survey of 0.0...18 reviewed flows f<nII Beth in gauged watersbc:ds along the 
SOUlhwestem and eastern shota. where mIlCh oftbc storm has hit 

Prior 10 Ibc scoon. in 1966. • toII$UIlmlS report for Ibc WSC bad provided !be followinJ 
Flood prediction equation f« watersIxds ill South West Nova Scotia: 

Q _ JOOA lJ4 

Q is !be Maximum Meal! Daily Design Flood Flow in CFS 
A is !he Drai~ Area ill square miles 

And wbert the eq Lll.tion is tppIieable f« use when • reserYoU is full pO« 10 • stonn.. 

For !be watenhals ill the Province thai wae puged 10 _ flow clurini Beth, 
COOlpIrcd 10 the peat: flow predicted by the tbove equation., only !bose wbich really got 
the major rain of close 10 one foot exceeded the predicted peak: flow. The tnO$llbey did 
50 was by 28%. 

To provide some ~ of this lIOIDeWlllllless tbeoretieal'$'"escment, we can 
eaIcuJate the peak. flow the wsc would calcul.te for the Williams Lake WaUnbed as: 

300 II l.S{)4o.n. 407 cfs 

Asp~ thtt it would be e:J' .........., at the hipcst~ VIIrimoe f<nII the wsc 
equations c:xperieoced. with Beth, we can iDc:rease this flow by 1.28 and get 
approxinwely 520 efs for I 100 yeM peak flow from the Williams Lake watershed. This 
is • little _ tht.n one balfofthe thcomieal 100 year peak design flow £rom both 
earlier metbods employed. 

RetuminSIo the rating ClINe, with the ditTerent design flows I.vailable, we can now 
estim·te tbc levd 10 wtUcb water behind • COiliptlUil dim would rise 10 allow tbcse flows 
IQ pass IhrouJb and OVC" !be JtruI:tIlR:. Flow is ill cfs, and devation is ill feu. 

• 



Design Storm 

10 
100 
1000 
PMfu 

USGS Method 
F~w Elevation 

'" 62.4 
1016 63.4 
1500 63.' 

.4480 66.' 

Rational Method """ - Elevllioo ~w """""" 
700 62.' 360' 62.1 
102. 6J.< '20 62.< 
1500 63.9 702" 62.8 
4S1lO 66.' 309' 6S .6 , 

. .. j '_ .. IIX1,...._IIIIIiItc .......... 01'1 ... 00_................. • 
u "'i • I'" .... oo,.... ...... 1IIIIiItc .1000OO ..... ofU' -.I.l'MfnOO_of~.t l ( .... qod _ 
__ NS....t) 

The tim thing we can observe is that the raults from the theoretical methocb appear to 
be somewhal OOIISCtVIlive. The empiric:al method yields results Ibout SO% of the [\OW, 

aDd 1 to 2 feet lower m lake elevation. 

AI the dam, an elevation of 63,9 would be ~11 up CII:I the t..nb on either side of the 
valley sectioo. This is probably affected by the lack of infOrmal:iOll in the valley section 
&lI the flow top5 the dam - our raring eurve would IISSI.IlnIe vertical W1.IIs 011 either side of 
the section, 229 reet wide. But eveo the empirical model we bave developed using 
Hurricane Be1h woukl muIt in overtopping of the existing dam iD' 100 yeu event 

The 100)'Ql' evml differs be!weeD the Ibecntical aDd empirical Dldhods by oaly • fOOl 
of wata 011 the Wr:e. AI the 1000 mum period evenl, the difTen:IIIle is still Only about • 
f~ 

II i$ in p=lieting Ibe-IIlOI'e exlmne eveol,' Probable Maximum Flood, where mote 

detailed modeling i$ required. We bave 5bown. flow and ~ from the Probable 
Maximum Flood using!Wos to the 100 yec ruDOlf event to the PMF from otbc:r wort: 
done ill No~ Scotia. M apcc:Icd. the diffum .... :s remain similu. The fIowJ eailDltrd 
for the PMF in thiI; cue also work QUI 10 • 1:1 ,000,000 yec mum period. molbeI' 
eaiupte for the PMF. 

It is reasonable 10 ,,"IIIM' that the Jarger Dumbcn developed in this woO; should be used 
ror the evaluation orthe dam safety aspects regarding CI'Oenoppmg and struroInll Slability. 
HOVo,"a', at the same time, we P'Ut'" Ihat the 100 yec design fiowofS20 efs, 
ckvdopcd from the empirical method, the HwriI::me Betb AIWysis, IDly be used for the 
design or spillway and aesIflow capacity. 
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1. INTRODUCTION 

MitclJ~lmort ElI;UsHriag CompallY (MEC) LId. was aJ=.cl by Yi.\'lCL Ellpttri.ag 

(YMCL) to complete a ~~hnic:Ll Enginecini Investig:uion {GEn of the dam located III 

the S(M!!he?5' corner of Williams Lak.e. 

The,p=1 $Il1lC!\R consists of earth fill abutmClIS "'lib an uncontrolled eonc.ete ovcrilow 

spillway. The le\'el of Willianu Lake is controlled by Je:Wge beneath the e:cisting ~ 
aDd nve:tOpping of !be dam during floods. Lc:iling was obsaved btndlb the eonc:cte weir 

aDd !be lift abwmml. The lB1e of ~ has reportedly incre:Istd in rectlll }'t:I!S and crt3.led 

COlLelU for the stnr.ure and ~OII of Lake lev~1s U WjJ[i3ms!...aU. 

The JlW'POSC of the work is to ~lop a ~echnical model of the dam arel, to assist and 

guide mgil'lffling decisions related to dam safety aDd mnedWioo options. The delh-aable 

for the project consis'..s of a report outlining the procedure adopted. aod ~hn.ical 
charxterizsrior of the soil and bednx:k ob:strvtd. 

1.1 , Scopeof Worit 

Tnt scope ofwotk for the silt im:ludcd tbc fol~ing: 

• Review of ..... ilabJ~ 1i1tratW"t and development of the regional ~Iogiea.l setting. 

• Rtcoonaissaoct ~ sut\'ty eoasisclns: of walko ... er II !be site to idtl1ti1Y 
.-.w- . 

• Tbtet (3) 8ofeboles for nY"S!llt"1 of subsurface soils, bedrock and if'OUJ')(k'iUer 

COnditiOIlS. 

• A geottchnica.l rtpOrt presenting the findings of the investigation. 

1.2. MelhodoloD 

All &SFCIS of the wort "'~ complt".td WIder the dirtetion of se::Uor KCOtechnical staff. Ms. 

Robyn Homans. EfT, of MEC, assisted with field supervi$ion, sample prepar.1liOIl. field logs 

and Iq)On writing. The available IiItBture included the foUowing refeeute5 

Stea, RR. and D. Hemwonh (1979). "Pleisuxxoe QeQlogy - Cenlrlli NoVll Scolia", 
Departmenl ofNaruraI Resources, Gov=I of Nov. Scotia. 

Lewis, C.F.M., B.S. Taylor, R.R. SIca, G.SJ Fabo:r, RJ.Horne, S.G. MacNiel and 1.G. Moore 
(\99S)."Eanh ScitDCt and En&inctring: Urban Development in the Mruopolitan 
Hilift.-.: Region," from Urban Geology of CanmfiDn Cults, GAC Special Publication 
Paptt 42. 

We bad inte:x!td to review stereo pain of IItrial photographs of the ate:!: but none were 

available. Only one aerial photograpb of !he dam site WI$ &\'ailable, numbcr 32 of ron 02319, 

taken in July 2002 lit I sca.le of] :10,000. 

~c Rq1M nOla G£], Willimlu li1U Dao IINl1fXU 

• 
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OIl May 2$*, MEC po:rIormed, site walk o''C "'ith Tom Mosher, P.En& ofYMCllO obstn"e 
site eonditions and di5CU$S investiptiOIl requiraae:us. A subscl;,ucnl borehole investigmon 
was comple>.ed Oct 20"', 2004. All fieldwork W3S performed under ;m m!Pnm' from MEC 
and detailed logs and te?resentalive samples were maintained and eoll~ed. A tOW of ~ 

(3) boreholes we.~ put down using il whe:1 mollDled rotary drill rig provided by l~ 

Geoleci! !Dc of Sfe',I,iake., Use oi il n:W drill rig .... 'lIS considered imprxtit:lJ for this site 

bet3usc of !be potcmiaJ. damaae 10 DdibboriDg propc'ties aDd larvlSClpes durin& -=1%$$. 

Each borehole was I:OrD.ple-.ed.imo bedrock or suspectN bedrock. Samples "'"e'e rt:C?,'e:red. 
usin& tbe SPT method III reiUJac intervah. .... iIcre jXI5SIDle. The "N"' value was recotded for 
each SPT test md the recovered soil sample logged. The drill rig was equipped with an 
automatic trigger for performance of \be SP'T test. Bedrock was com! using • double tube 
tortburrll.lld wNQ" size core. Core samples were also collcc-.ed from BHIOI and SHI02 
IDd SIORd in coreboxa. Samples will be swm1 until February 20 2()().4 al ",'!lith time they 

will be ofueardcd unless insuuetions to the eonuary are received. The ~y and 
borehole \ocaoous were provided by YMCl aDd III elevation dati. prese:ued by MEe 
couespotals 10 the survey resulu provided. 

Due 10 access restrictioos, ,U duec boreholes were completed in the left (looking downstre3m) 

abutmenl of the dam. The initial intention was 10 install , borehole in the right abutmenl 

and/or the concreu: ","cit of the dam bill c:ooeem O''eI'the potential 10 ~. bydraulic IiDc: 
in the drill rig and tile conseque:u environmental effects oc;pued the potcru:W benefits. 

M 1TC1HLMOilE 

ESClNEEIUNC 
C CIMP;.}o. -or l TO 
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2. GEOTECHNlCAL i'tIODEL 

2.1. Geoiop::ll ~ttiag 

The 5ite is \oc:Iled Bl !be southe:Istdy end of William·, Uke ",ire the !aU ems imo ! sm.aI.1 

SI1e:ID mel e-.-e:w:a1ly spills imo NonhwesI AIm. The lake is k .... " ..... in Spryfie!d within the 
, Halifax RetocaI Municipality (Hll"I). A.c=:s to the lite is provided by it tt:Ji] via Purc:1l's CQ\o'e 

Ro.d. fnorde: to ~ tbe tt:UJ. ,Sm.aI.1 tta\'eISe of ph -me popety is m{Uired. 

"(be; tc::raiD in tbe vicinityoftbe dam aDd tir much of the Williams LaU are1 is bedrock coruroIlcd. 

The dam IIId = appe3f to be De3l"tIx bonom oftbe Point PlewM S)ncline ghina !be !Crain a 

><tIaIf-bmd'" shape. The UIdc::rlyin& bedJ:oci is !be Halifa.'I: Formation. which coosisIs oflow p:ie 
lDtt11iXXphic sW=I II!ld. smdsuxles. Bedrod:: COOJrolled il::Tain is typic:I1Iy rougher, with more 

sharp eds= !han bllmmociy IIId "Mlll-rinS !Oil Q:lIlIrOIled te:Tain. This pbysiogtapbic fe:wre is 
evidc:d at !be Williams Lake dam. Bednxk Q:lIlIrOIled ICnlin is abo typicilly as:sociated ""ith 

sha!Iaw, or De3I" surface. bedJ:ock. This is also Mdc:n 11 !be Williams Lake dam atd dcmoos!r.1lCd 

dtains !be bon:hole investigation. 

The sud'aee !Oils an: iC'IJCBlIY ~ 10 be glacial till ,.;oils of tbe more r=l Mid-l..ate 

W...-oosinian age. They are ebara::tcrizcd a 5iJ.ty satIIh with IIUIIlC1)US cobbk md bouIder!ized 

mateiaIs. typical ofal..a\l.[CUXII) .. n Till. 

2.l. Str.uignplay 

Each soil is given an en~ clusilicaOOn based ()11 the Unified _Soil e1assifiCation 
System (UseS) (Wagnerd-9S7). The uses classifies soib based 00 pbySiC3I poperties and 

is commoaty used ill ~g practice. All soils an: classified based ()11 visua.l methods. 
No lalxml1ol)' classification tests were performed as part of the scope of work. 

2.2_1. T Olffil il (DB) 

Topsoil consistin& of darlr; brown silty SAND (OH) im=persed ""ith black organic m.ar:e:iaJ 
from vegeo.aUon was meountered in all BH loc3tiollS. The thickness of the stratum varied 

from 0.61 m in the loc:ation.s of BH101 a: BHI03 and 0.47 m in the Ioc3tioD of BH 102. 

Based QlI the SPT N-values, the insitu ~i.BIive density is classed as loose to compact. 

2.2.2. Silty SAND with Gn vel (SM) 

A dark brown 5iJ.ty SAND ""ith ifllvel (SM) "'"35 mcounteftd ill BH101 IIId 8Hl03 ",,"here it 

"''itS 0.61 m below JrOODd. surface ",ith lhicknesses varyin& from 0.61 m to 0.93 m. In BHI03, 

the soil overlay bcdioclc whereas in SHIOI it wall underlaiD. by another soil. The str.lI\I!Il is 

CME.C /tq>Dn PJOIO GEl. WiHiQI/U t...u 0- 111.vJ()()4 

---.. ----
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believed to be a fine araiDed fill soil likely used iII tonstrUCtion of the abutme:ll c:ompri.siIli 
the dam. Based on !he SPT N-vaJues, the irisiN ~lative density is classed as compact to -. 
2-2..3. Bouldu Till ~ 

A dense, bouIdcr<~'D. lOil WLit was ClCtIUDw.cl iII 8HIOI below at:: silty SAl't"D ",ith 

pvel described above. Despite sevcr.1l anempu Il SiIIllpling ... ith the SPT sampler, !lO 

samples ... ~ ~"ere4 for anaI)"SIs. The lIOil IIlIit is inferred as a typical till soilllllit for the 

III'e3. with I hip ccac::entratioD of boulder 3Dd cobble sized particles. AI SHI01 , the only 

location iII which it was mc:OIlIltered, the unit was 1..22 m below ifOUDd sorl3ce. 1.55 III thick 

IIIld overlying bedrtxk. The marum is believed to be tbe IlatIlnI.I foundation soil fur the site 
Il!ld a typical till soilllIlit for the ~ with a hip ~traIiOO of boulder IIIld cobble sized 

particles. 

2.lA. Bedroek (HR) 

Based on ob5ervmions during the iIlvcstigation, bedrock depth was aoted in IIiI borehole 

Jocatiom. Depth to bedtock varied &om 0.47 III to 2.79 m below ground 5IUface at 8HI02 

aDd 8HIOI. lespcctively. Bedroek observed Il both boreboles was a bluish Pr, medium 

&rained mttasandstoDt oftbe Halifax Formation. It is qualitath'ely assessed as medium strOlli 
\\ith close jaiIl! spacini 

1.3. Grooodw:ller 

Usc of WItC' during drilling iII soil and rock will a11ef n.atunLI zroundwater levels. For more 

prttisc wattr level reading$, water level InOIlilOring devices "'~ installed iII 8HIOI and 
8HI02 10 observe the steady state water levels. 

Water levels were observed on Oe<.obcr 2"', 2004. 8HI01, with the monilOring zone betwccn 

3.7 m aDd 1.2 m below CJOUIld surface, bad I .... ater lC' .. cJ of 0.9 m below ground $llffucc. 

BHlO2, with the monitorin& zooe between 2.79 m and 0.6 m below ground surface, bad I 
water level of 1.5 m below ~ surface. At the time of the WIller level re:vting$, the lake 
level was approximately 0.4 III below the same ground surface. 

Groundwater levels may f1uctu1te 5C3$O!II.lly Il!ld in respoase to meteorological events. The 

l,..,·cls rrported above 1m oruy applicable to the time they _re recorded. 

QiEC hpt1'I nOlo GU W'JlImBt. £.s,b 0- fll .v1fXU 
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Loc::atioa Pilla P3lJI0-001 
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BordJol~ Lop BHI01, BHIOl, BRl03 
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