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ZJITRODUCTZOII 

Saentral 
This General Design Rep?rt swnmarizes the procedures, 

criteria, and results of an~lY••• used for the design of the Boney 
P-alls Da• Rehabilitation Proje.:t. The project has been extensively 
studied by Harza Engineering Company since 1987. The spillv~y was 
..:ited for apparent spillway capacity inadequacy in the 1986, Second 
FERC Part 12 1ndependent consultant•• Safety Report (by others). 
~1.J!'-'= L~:::.:.. t.i.:::.~ !!::..:;:~: !!::.; :i:.-.:~!l !:;t~d.!l~.;; i..;.;; ..:..:v~:~;;, ~l~ .... ...:.-.u.-;.i-..=-va .:o.: 
spillway capaci~y expansion ciJ, evaluate underaeepage [2J, 
cvalustc the otability of the left C:U:-Ja:;nt [:J, ~•.;w.!.:w.tc 
reservoir perforaance after a sc~eduled •aintenance drawdown [4), 
develop rationale for new project. inflow design flQOdl [S, 5), 
e~."aluatc ~ho:? ::t;:bilit}· cf th.a right ~.::.i:"th em::.a.ilkaent c1.ml t.ant 
integrity of the limastona foundation [7], and prepare the 1989 
Third PERC Part 12 Inspection (8,f). A."l oxt-.ensive rehabilitation 
program haa boen developed as a result of thesa studies. Planned 
activities include: (1j raising thtt west. embank.Jaent da11, {~) 
raising the concrete core wall in the west da10 to above Jla>tl•u• 1DF 
pool level, (3) construction or a new roller co■pacted concrete 
overflow spillway through a portion of the left earth dam, and (4) 
construction of a nev walkway across the c:cest of the existing 
tmcontrolled .:>vertlow apillway. This raport contains a general 
description ot the project, and detailed discussions of the design 
of the proposed new works. 

Proiect Location 
Boney F4lls Oalll is the largest of four dams owned by Mead 

Paper on the Es~anaba River near Escanaba, Michigan as shown on 
Exhibit 1. The project is located in ~he upper peninsula or the 
St3te of Michigan in Dalt~ county, Sectiun 2, T41N, R25W. The dam 
was constructed in 1920-1921 over rapids known locally aa Boney 
Falls about 22 miles from the mouth of the Esct.llJl\ba River at Lake 
Michigan. The other threo Mead Paper dams on the river are 
downstream of the Boney Falls Dam. 

12i:.A~riotion of Existing Facilities 
The general layout of th~ project in shown on Exbi:Oit 2. 

Aerial photographs or the project sit• are attached (Photogz-apha 
Nos. land 2). Beginning on th& west (right looking downatr•-> .. ,. ...... --· .... . ;,,;;.;.~v-,, ......... 4 ... ,i. .._ ......... I ~hi> ;,_.., ... 1-'.., ................ 'i..d.C },I.L~JU!,.;.;. J.,,..::.i.1.1..au i.&i.l:f Wa•~ 

earth embankment dam, non-overflow concrete dam, powerhouse, log 
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11lnica and fiahway, six tainter gate spillwa,1 bays, uncontrolled 
overflow apillway. Pnd east earth embankment dam. All structure■ 
are founded on lim~stoue. 

Reservoir, The reservoir noraal pool level is El. 906.58 (El. 98 
local datum). At normal pool the dam impounds 1,700 acre-feet of 
water. Normal pool reservoir surface ar'la is about 170 acres with 
an average depth of 10 feet. 

lf.P.e.t §mhankment Dam, The west embankment daa. is approximately 
1,500 feet long. The earth da• is a low structure which extend~ 
.r•~:i:~11~1 t•..:.• t.!1~ ~1v~!. •..:.•!·! t!!~ ==!.·:;;"lr: -~! tt~-= .::-e::~-'\':.:.:.~ == ::. i.t.·-=:=-=:=i.-.::.=.tl 
dike for m.:>st of its length aa shown on Exhibit l The highe■t 
i,,:,!"t!on Clf t!"1e stru-:-tur@, !!but~ th~ n.,,n-:.·•_•!'!"~1 ~ qrav!t1,• d.e.m section 
and extends p9rpend!cular to the riv~r about 880 feet. Thi■ 
section has a m~ximWll height of about 30 teet. The daa contains 
: cor.c:-cte co:-~~'fe.11 -t~ -:~n1=!:'~ J ,.~.,.?i~IJ.=,; - Th~ ~orAval 1 steps do-.-n 
with distance from the non-overflow gravity dam. The design 
elevation of the corewall at the non-overflow gravity dam is El. 
908.08. ThQ wall steps down~ feet for every 50 feet laterally to 
a :minimum. olevat:ion of El. 893.58 as shown on J:Xnibit 4. 

The westerly half of the ~eat eabankment dam ~ailed in 1930 
and wae subsequently reconatructed. The details of this failure 
are presented in the IDF AddendUl!l Report [6). The reconstructed 
portion has a huried pipe drain at the too for collection of. 
seepage flo~s. This pipe discharge■ through a Par~hall Flume and 
into Barney's Creek downstreua of the da•. The easterly half of 
the w@~t embankment da~ h!\s a !!tcne ~a!!c!'1r)• lin~ d.!teh at the toe 
for collecting seepage. Thi~ ditch drains directly into the river 
do•-nstreaa oi the power~ousc. 

The west eabankment crest width is approxil~.ately 15 feet. The 
upstream slope of the embankment d~m is approximately~ horizontal 
to 1 •1ertical; the downstrea■ slope is approxiJftate.t.y :.s horizontal 
tc ! vortic~:. The high pc,rtion of the da~ has approxi:atoly ~ 
feet of freeboard above normal pool. The low dike portion has 
approximately J feet of freeboarc!: above •• ,raal pool. 'I'he upstreaa 
slopes are protected from eroslm1 by riprap and vegetation. The 
downstream slope is covered with field gra~~. 

Non-overflow Gravi~.Y Dam, The non-overflow mass concrete gra,..ity 
dam is approximately 93 feet long and 40 feet high with the crest 
at El. 912.58. The structure transitions towards the weat 
eabankaent dam from a ■ass concrete non-overflow structure with no 
downstrea. fill to a slender concrete corewall with fill on bo!:h 
-the upatre~• ~nd downstreaP1 sides as shown on Exhibit 5. There are . . . . - . . . . . . . . . 
.,.., ... ..;. .... , .............. .., ...... a.~.o..L.i,o ~u ...... -... .. o,.ii..,CP .......... ~ou • 
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Powerhouse. The powerhousa is of integral intake design as shown 
on Exhibit 6. Dual intake,rr. ior each unit arc prouided as shown on 
Exhibit 7. Ind1v1Qual gates ar.e provided fQr each unlt. 
Trashracke are .,rovided. The hrlr.Jc: and co11crete powerhouse 
superstructure is approximately 70 feet long and 70 feet wide. It 
contains an operator's office, controls, and three turbine 
generator units with a total capacity of 4,400 kW (2 at 1,700 kW 
and 1 3t 1,000 kW). The powerhouse substructure is mass concr•~• 
with a formP.d scroll case !!nd draft tu.Lu. Th:a t;,;ilrac~ is 
excavated in bedrock. There are no e,q,osed at.eel penetocks. 
Foandation drains are provided. 

Log Sluice and Fi&buY·. A log sluice and fishway are integral wiU. 
the wall extending downstream on the left aide of the powerhouse 
as shown or. EXhibit 8. Thi:, at.ructure allows loga to be pa•sed 
through the dam, though the fishladder is no~-functional. In 1988 
th~ ti~h!adder analog sluice retaining walls vere reaoved and the 
remaining structure was capped with concrete. The wall that 
remains is approximately 7 feet wide by 75 feet long and 1.1 teet 
high at the low downstream end. 

Mud Gateaa Thia struet"r• also contains two lov-level aud gates, 
each 5 feet by 5 feet. in a.'t'ca. Thc::e, g:2tes arc operational. The 
gates are steel plates with the sill at El. 870.08 on ~-he upstream 
side. One gate is fitted with a 91otor for gate c~ration; the 
other gate is fitted so that it may be operate.1 with an electric 
hand drill. Both gates have backup hand cranks available. 

GA.t<td.S~ The gated spillway section has six bays with steel 
tainter gates, concrete piers, concrete fraJUd operator's bridge 
wi t-'h fl:t,-,a 1 'J!"""'~ .i M'J ~":?':"~ ~!""' ~•"""" r:""!'!("!""'!"'t:'~ •:-i '- 1.W!.!' !!.!I ~~,::,,~ ".°"?"! 
EXhibit 9. Each bay has a gate 20 feet wide and 12.5 feet high. 
The operator's deck is at El. 914.58. The mass conerete spillway 
has a base width of approximately 52 feet. Height Croa bedrock to 
the g~te sill at El. 893.58 is approximately 33.5 feet. The 
overall height from the foundation to the operatorts deck is about 
54.5 feet. 'l'he dow-.i.stream face of the spillway has an ogee shape. 
Discharye capacity of the gated spillway is 28,200 cfs with water 
at the ~rest of the east embankment daa (El. 909.08). There is a 
compressor on the operating deck that supplies the bubbler ayate
vhich extends alo~g the upstream side of all concrete strJc:tures. 
A single traveling electric chain hoist on rails is provided for 
tainter gate operation. The gates can also be raised aanually it 
needed. 

Uncontrolled Overflow SPillYAY, The uncontrolled overflow spillway 
is a concrete gravity structure with :flashboarda aa shown in 
Vvh;ri .. 1f', :.,;,~ ,.,..I""-+" r-~ +-hr- ~...,;,,._ ..... v ~~ !"!'r R1. •~n,:;.•Pt •~'!~!'!: ! ~~~+ 

high flashboarda. The r~LllwaY ia aPproximately 200 ~•et long and 
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ha.a a maximum hei.ght of about 40 feet. ThQ east end of the 
spillway terminates at a conc~ete training wall 9~utment adjacent 
to the eaat embanklllent dam as shown on Exhibit 11. The west Ynd 
of tha spillway terminates at the tainter ga\.c.<l spillway structure. 
ni~cha~ge capacity of the uncontrolled spillway is ~,200 cfs with 
water at the crest of the east embankment dam (El. 909.08). No 
pedestrian accesa bridge over the spillway is provided. 

!!::st fmttaok.ment Dam. The east ezb&nJcmar,t dam is ~pi)'::-oxiaately 
2, 100 feet long. The earth dam is mostly a low structure exte11-:linq 
parallel tu the river upstrea. as a tr~eboard dike tor •os~ of it• 
!.o1r.sth &a &hown on AX:ai~!."t 1.6. n.v t1l'i:fl1,u•t portion of t.Qa 
structure abuts the uncontrolled overflow spillwa1• section and 
'trt"-!nd!! ~rpent!:!.cul::\r tc t..~o ri;;er about 440 feet. •.rhia section 
has a aaxi•WI height of about 25 feet. The dan contain• a concrete 
corewail to control seepaaa. 'l'he coravall stttps do-.-r. with distance 
avay from the ova::::flow 1Jpillvay training wall. The design 
elevation of the corawall at Ute training wall is El. 908.08. Th• 
wall steps down 5 feet for every so feet laterall~ to a miniaUJD. 
el~vation of El. 893.59 as shown on Exhibit 12. A filtered. pipe 
c!:::-=:!.:: !~ provided ror seepage collection and measurement fro■ about 
Ntation O+OOL to 2+17L. 

Tne east emi:lankaent creat wicith is a.p}l.1:·uxlmately 10 feet. The 
upstream slop• of the embankment dua is approximately 2 horizontal 
to l vertical; the downstream elope is approximately 3 borizontal 
to 1 vertical. The crest is at about the sama elevation for the 
entir• length of the enbanknent, El. 909.0B, which gives about 3 
feet of freeboard abc..-..·.~ "'"'rm,-1 pnnl. ThA uptt1t:TAA111 Alnr-A .a:r~ 
protected from erosion by riprap and vegetation. The downstream 
=:!.c;:::: !:: .:.:-.. -~re.:: ;,d .. th ::!.ca:i,..; ':ii:"ciiiD. 

Historic Failure 

On 25 June 1930, a portion of the west 8llbanlaftent dam failed 
washing away approximately 400 feat ot the dam at its extreM 
western end fron about station 4+00R to 8+00R. The failure 
occurred at about 2:JO a.a. af"ter several days of hAavy rains. 
Historical ir~ormation collected or. the failure was presented in 
t.he IDF Addendum No. 1 Report (45] • -=h used the historical failure 
to calibrate the DAh. .,•; aodel. It was concluded by the 
lnvestigati'i!g enginee--· -hat 'the failure was caused primarily 
because the cor.awall stopped abl:uptly at this point instead of 
beinq extended until the rock riae9 above El. 893.58. 

The top of the corawall in the araa of f~tl~re was ebout 15 
--- - :..~!!!~ ~-::!..=::.! :;:::l. ~;..;;oa ~h8 .;~.-~~& .. ::. _...,.., .__,;..,...&.~'-', ~,a 
corewall vat: raise-. to about El. 909 in the section that fbiled. 
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Based on field investigations, it seems th;it the corewall in that 
section ot the dike which did not washout was not raised. This 
area of the emb~nkment with a low corewall is also the area where 
a we~ spot has been noticed or. the downstraam face of the dam. 

Local Geoloav 
overburden at the eite is a. glacial till which generally 

c~neiata of s~ndy silt (ML) to ailty-~and (SM) material. 'I'h••• 
materials are slightly plastic and contain a trace aaount of 
;=;::::~!.. O":.:.rbur.:!i>tt ~hick1,-so& r&ii'JWG fru• at..uut. t.Wij lti:u:St. a.1.A.ia.1.i•u'
to the rlver to a maximum of a:bout 15 feet tbicJ; on the upland 
o~eas »eneath portions of the low eacth embal\kllent dams. 

~c pr~con~ Es::::n::b3. n!v~r c.'"lannal is incisa~ nbo.:t :~ f1tat 
into the flat lying bedrocx surfa~c found in the area as shown in 
P,hot<>g1.·aphs 14 and 15. Bedding at the site is sub-horizont111l, 
dipping very gently to the southeast. Three near-vertical joint 
sets have been .:dentified with orientat.ions of 340 deg~, 085 deg. 
and, to a lesser extent, 015 deg. 

The dam was constructed at the waterfalls fo1:11.ed by tho 
headward erosion that caused the foraation of the downstream 
incised channel. Bedrock at the dam consists primarily of a light 
to •edium gray limestone with very thin dark 9Tay shale intPrbeds 
and/or partings. Locally bedrock is slightly to aoderately 
weathered to a depth of up to 15 feet in the project area. Karstic 
features have been observed. Thin vuggy layers and occasional vugs 
and voids up tc 2 inches in diam~ter were encountered in recently 
c-:;;:;,1:t~-.:! ~-.:•::.·i_~-:;.;2 . 

Solution enlargad joints a:c'e vlsibli& on tha e,ruJtRrr Aide of 
the reservoir bottom during periods of low reservoir pool. These 
features were also observed in an inspection trench constructed in 
1987 at the toe ot the east embankment dam. Numarous joints 
exposed in the rese:::voir bottom have been enl~r9Pd up to 10 inches 
in width. Solution enlarged fractures up to 4 inches in width have 
been oUOerved duwnstream of the east emr,ankment dam. some of these 
joints are clay tilled. 

Foundation ,ondition 
The liae&tqne founda~ion of Boney Falls Dall is susceptible to 

solutioning arid develop■ent of karstic features as described above. 
SAvar«l einkhol,s have been located in the reservoir nsar the ra.r 
;'~<;:,; ~!!•.! ::~~·d_ ~!-.!".!":' ~f ~!:~: ;:':;:;;:;=•::=i::-. :.;:::::;.~:,•=-;.;;.::.! .;:_;:;,~ :;c~':, =!;:.!=-u..:. 
evaluations have concluded 
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!r\l?a the sir.1kholes in the reservoir through s:lightly enla.zged 
solution ca·-,itie~ in the dam foundation to areoa downst~eam of the 
dam. There are aOOut 9 major springs locA~•d sp~roxiJ1Btely 2000 
feet downstreaQ of the e4st embankment dua. Seepage from these 
springs is monitored on a regular basis by Mead Paper. Flows vary 
with reservoir head. There is no flov when reservoir pool levels 
fall below about El. 891. Total seepage at normal pool reservoir 
level is about 5,000 gpm. Flow.Ii are clear. 

The springs downstream of the east embankment daa were firwt 
reported to the FERC in 1985 •• here 1, no •antion of the R~ring• 
in prior Part 12 ReportR, but there is evidence from neighboring 
pLu~i:ty v-..-..u.,. LhaL u .. ~ ~pi:ings have baen -tl.o...:-ing for =::ny 1•e!l~!9. 
~9ElATVt)h" leval has been held at least 3 t"eet lAlow historic normal 
pool since 1987. 
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PIBLD IHVBBTXGATXOMS 

A series of field investigations have been undertake,, by Harza 
since 19&7 th~t forms the basia for a lar~e portion of the pl~nn~ 
rehabilitation work. Th~P.~ !:t;1-(!l~.:; .... ~..: ,.;.........,..;..;:.!.;;,:~ b~::..;~. 

Ge0Pbvsico1 xnvestiaotion 
A geophysical founda~ion investiga.tion was conduotc;d. in 1S87. 

Results were presented in a report by Weston Geophyaical Inc., 
~~bitted to the FERC in Q(!','nhAr 11QA7 £2!. The purposa or the 
investigation vas to determine the integrity or the -banJuaents and 
foundation in view of major underseepage discovered in 1987. A 
summary or results and conclusions trom tn.e Geopnys1ca.L 
Investigations Report are attached us Appendix A. 

Geotechnical inve~tiaation 

A geatechnical e1;.ploratory drilling program was conducted in 
1988. The purpose of the program was to sample ellbanklllent and 
foundation materials, confirm the presence of feature& noted in the 
1987 geophysical program, determine in-situ uplift pressures under 
proje~l. »t:i:"u~tures, determine cora wall presence and location 
within the embankment dams, evaluate phreatir conditions Jn the 
embankaent dmas, and develop shear strength parameters for use in 
stability analyses. 

The description of the Geotechnical i:nvestigationa Progrua and 
results arl'! presented in Harza 1 s Gcotechnical Investigations Repoi:t 
[7). A sa.."lllll&ry of results and conclusions fro■ the Geotechnical 
Report are attached as Appendix B. 

FERC Part 12 Safety Insoection, 

The Third FERC Part 12 5-Year inspection and Safety Repor~ V6& 
preparad by Harza Engineering Company (~~. David R. kier, 
Independent consultar.t). The Part 12 Report [8] and stability 
r~n~lyais supplement [9] were submitted to the FERC in January, 
198S. A su111mary of Mr. Baler's inspection and reco .. endations are 
attached as Appendix C. 
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BYDIU'.VLIC DKSIGB 

Cioneral 
This section describes the hydraulic design criteria and 

co:pu't:..~iv:.:: u::cd to ~e::i;-~ the ::,r:":"::,-:-::-::~ ::::~•~ =;,:!.!!~:.:.• _ ~~!l 
sa;ppoi.t.iu\41 itzl.lLa.ulj . ._ UttMi~n L.ai..iu\41 \.:UZVt=tt fu4.· "1Xic:6t.in\41 cu,U pruposed 
conditions are at.tached i1a Appendix D. 

llPods of Record 

Tbe drainage area at Boney Falls Dua is 770 sq. ■ilea. Th~ 
paalc discbarqe of r~cord is 10,700 cfs on 22 April 19SS. Acr.ot"di"'! 
to the 1986 Part 12 Report, the 100-year flood peak discharge ia 
about 13,000 cfs. 

iixistinu SpillWuY Mtlii9 CMLY'P: 

The r~ting yur~es for the project gated end ungated epillwAy~ 
are at~ached in Appendix D of this report. Prior to rehabilitation, 
the maxi■um discharge capacity with the reservoir pool at the crest 
of the earth eabank.aent daN (El. 909.08) is about 33,000 eta. 

Probable Maximulll Flood 

An estimate of the Probable Maxi■u■ Flood (PMF) was presented 
in the 1986 Part 12 Report. The ,r--,!'!v~nt!,:.n~! h~,,;!. ... ,:-~~t~~:!'':"!.'="'::!~~l 
approach, using probable 111.aximnlil precipitation (PIil') data from the 
National Weather Service Hydrometeorlogical Report (HMR) Ho. 51, 
was used. Peak PMF discharge was estimatGd at 1~7,0CO cfs. 

Inflow Desiq1>..,1o_Qd 

Flood surcharge storaga in the reservoir ia negligible 
compared to the PMF volume. There is little reaervoi.r peak 
attenuation during major flood~. The PMF pt'lak is several ti■es 
greate.r- than the capacity of t.h111 11sxi■ting spillway. Xf th• .rHF 
were to occur, the project I s earth elBbankments would be overtopped 
and would likely fail and relea"Je water from at.ora9• in t.h11 
reservoir. If the embankments were to survive overtopping, ■aximum 
reservcir utage would overtop the existin? ea~t embankilent daJP by 
about 6 feet. 
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A detailed lDF study was underta~en by Harza in 1988. The 
work was b«sed on earlier studies in support of the 1986 Part 12 
Report. New Harza studies w•r• prerar•d using the 1984 version of 
th~ DAHBRK computer program. The mc.-del 'l:!:U! e~libr.at-ed ucing 
obsorvn.tions from the 1930 failure or thEi waat. IU'WAnkllent daa. 
River ct-oss aec".ioa\a and first floor elevation■ or ••v•rat 
down!!!~~'!'"-8'!!l atrt?~~o ...... ""! "·•~,-p rm,-_•~~·!""~ '"!:-... I"', f .iC'~!!.;,r tor uae in the I'DF 
study. 

On the ba.111 la of the studies presented in Harza I s 1988 studie■, 
the appropriate IOP for the Doney Falls Project is 100,000 ef~~ 
This IDF hes been accepted by tna PERC in a lGtter dated March 15, 
;.;;9. 

B.RJ.llwav BxPonaion Plan 
A variety of' 111pillway capacity expar,sio•• alten.1utivea have 

been atudlad by Harz.~ for ~h~ ~ney P~ll~ Project [1]. The c~~ign 
acheme adopted calls for the cons:truction of' a Roller Compacted 
Conc:rfllt:,.. (Rt:"~) ~~<!:!~";~~~~ c·.·~.:-f'!.v• ep!ll•GY lu pla."-o uf t.011;1' •xisr~ 1g 
east embanJtment dam. The followinq proieet •odi:fication-,. ~re 
pl&nned so that the project can aafPiy-&cCollllodate the IDF. IDP 
maxi~WI pool will be at Bl. 912.S8. several lengths of existing 
embankment will be raised to prevent overtopping during th XDF. 

East IPPAnJcment Dam, An uncc...ntrolled, broad-crest RCC Rpillway 
will be constructed from statior. O+OOL to S+OOL. Th~ cr-t of the 
spillway will be 10 feet wide at El. 90S.58. The upstream. face of 
the RCC will be vertical usinq the existing Aabanlr'.'lt~nt eor• v;111 
as a Lora. The dovnstrea• slope will be 0.-"iH:lV and will be toraed 
in a stair-step ap~earance to provide for energy dissipation of 
overt low. 

The RCC will be placed using the existing concrete core wall 
as t~e upstream fora. The core wall is also expected to parfora 
as the impervious ba.t"rier to protect against eee.pagt1 through 
horizontal RCC litt joints. The existing core wall ¥ill be lowered 
and raised where needed to a constant elevation of 905.58. The 
core wall will also be extended fro■ about station J ♦50L to S~OOL. 

~ smnll sarthfill :usa plug will be ~laced on tll• creet of 
~h~ ~~~ R~C ~tructure to El.g~~.s~ ~~~ c~ ~ho ~~•IID~r~a• •l~~M u£ 
the RCC spillway so that tho spillway will only operate during 
severe floods. The earthfill wi11 also protect t.he RCC natarial 

supporting Design Report 
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fr.oa weatherinq; including freeze-thaw daaage. Five "pilot 
channels" will be provided in the fuae plug to initiate er~•ion 
when require~. The channel will be 6-inchea lO"ier than the 
earth~ill cr~Rt. Rach channel will be 10 feet wide, spaced every 
100-feet starting at Btation O+SOL. Paa gravel nesr the downatrea• 
face will increase the time for erosion during overtopping. 

A gravel chiJ111ay drain will be placed against Hie dovnstr••• 
slope cf the RCC. This drain is needed for collection of any 
seepage along the crest since the RCC will be about one foot lover 
than normal p,,ol J11w•l. Th-1.1!1 '1r.111.rt ~i 11 ~l!t" C'=!'lleet eeep~tz@r 1~ 
any, from the horizontal RCC lift jointa • 

The r-rt!c-?? o! th~ ~~ist!ng !!!a.et e-~!'l~"'nt: fr-:;,~ ;;t:nt:ion 3~00L 
to 16+65L will be raised to a unifon elevation ot 911.08. Thie 
is needed to assure that the RCC apillvav Portion ot the east 
emban>aaent is overtopped ~irst. 

Tr,. !M"'!"t:ion of 'the exist:ing fll"flt ~'!'lt»!~"'•ont: heyon!:! ~t:11t:ton 
16+65 will not be modified since this section of the east 
eiiwiinl, • .a.ant i• less than 4-fe~~ bigU and is hea•ily rcr;stcd. The 
secticn will be ~vertopped by aboUt J.5 fee~ during the IDF. 

An area downstream or the east elabankllent froa atation O+OOL 
to 16+65L will be cleared and grubbed of large treea and shrubs to 
channel overtopping tlov back to the Escanaba River. 

West hhftnkment Dan Core Wall, As previously reported by Ha.r&a 
(1,7,aJ, there is a portion of tl'le west eamlnkllent where the 
exiatlnq core wall is ciqnificantlv helow nor.al pool level. The 
west eJlbanJment core wall wi.ll be r'aised to the peak. XDF reseri..>ir 
level, El. 912.58, from the gravity dam section, station 2+00R, to 
about atation R+no~. 

west DMntwent creat.. ':t'he crest of the west eaban.OGnt:. daa will 
be raised to a uniform elevation of ~lJ. 58. This raising will 
prevent overtopping, with one foot of ~reeboard, during the IDF. 

Supporting Design Report 
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CIVIL D■PIGII 

Aeneral 
Civil/structural design criteria for the proposed new works 

are described in this section. 

ACC§EIB Reads 

There is an existing service road that provides access to all 
proposed construction areas of the vest eabankllent daa. Xt will 
?Je r-!!'!!!!:-le for th':" YAh,iihi l i1:ation contractor to gel equipailnt onto 
the west dam crest wi ti.1. minimal •~fort. 

There is no developed cccess ,:oad on the east bank of tna 
1:ivcr. There is, however, an unimproved Aervice road t.o the .. eat. 
$mban.blent da& that passes thrriugh b"la lnnda of an ndj:..ccnt !nr:.cr. 
Mead Pa1>4r is curr-cmtly negr.,tiat.ing with 'the faraer for ace••• 
rights during construction ~f t.~e ~roposed new spillway. 

Mead will construct a new access road on it's property along 
with clearing of trees downstreaa of the east ambankllent dlUI. The 
area of clearing is shown on the civil deeign d~awlngs 1979L-C8. 

Cofferdams/Diversion of water 
~-~~~~-~~~-a-,,, ho n~M•d ~t any ~ime durin~ construction. 

Mead has received a permit f'rom tbe Michigan State DNR to lower the 
reservoir to the crest of the gated spillway, R!a 893.58. Thi• 
will be sufficient to dewater the neceFnary conatruction areas. 

East Em~~llt RCC Spillway 

The following hydraulic conditions were used as design 
criteria for the new RCC spillway • 

cr~~t ~l~w&ticn~ 
Creai;. Len9U1: 
uischarge ~oeiiicient: 
Crest of Earth.fill Cover: 
Invert of Pilot Channel: 
Lowest Base Elevation; 
Highest Section: 

Supporting Design Report 
May 1, 1989 
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Normal Headwater Elevation: 
Normal Tailw~ter Elavaticn: 

IDF Headwater Elevation: 
IOF Tailwater Elevation: 

~06,58 
857,58 

912,58 
894.58 

Discharge rating curves for the project structures (including 
th& ~CC .;i;illvav) and a tail;.·atur rating cYrva are attached &a 
Appendix ,:j to this report. 

Stability analyses o:f the ■aximum RCC spillway ■action are 
attached as Appendix E to this report. The new spillway structure 
~w~ prcpcr~iQ~~= !~ acc~rd~ncc ~ith FERC crit~r!:. Th~ ~t~b!lity 
of all other project structures was presented to the FERC in the 
p11pplA111e1lt 1:o the 19R9 Part 12 Report. 

'IhG design coaputations to determine the length of the new !l:CC 
•pitlway are attached a~ Appendix F. 

East Eabanllent Crest Ra~~~~g 

The east embankment dam from the end of the RCC spillway 
section, »C.a.i..iun 5,-uu i.u a.i.ai..i.uu i0+6J .io Wlu'=' .Lil..i.acn.l t.,;, E:... 
911.0tl to prevent overtopping until the earthfill over the ace 
spillway is washed out. It i& anticipated that this raising will 
be aade utilizing spoil material removed from the RCC spillway 
excavation. 

The east embankll!ent beyond Btation 16·>-65 will not be raised 
since this portion of the dike 1s only a few feet high, and has 
many trees bo~h upDLream and downstream. 

It is assuaed that a failure (washout) of any portion of the 
e!lst eabankment dam not replaced by the RCC spillway aection, would 
rerult in very little increased flooding downstream since these 
~ort!on~ of th~ dike are very low. 

\'!-;st C,:mtxlnkllent. Core Wall Rctitti-H.g 

·rhe weRt eabankment core wall will be raised to a un1rorm 
elevation of 912.58 from the non-overflow gravity d&m to the end 
of the existing core wall (about station 8+00). Elevation 912.58 
is the peak reservoir level during the IOF flood. T~e new cvre 
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wall will be construc~ed of reinforced concrete with a top width 
of 2 feet. The new wall will be dowelled ir.to the existing core 
wall. Further details or this constructior, are shown on Civil 
Dtimign Drawing Nu-. 1979L-C3. 

Heat IJRMnkment Crest Raising 
The er.est or the west eabankaent daa will be raised to a 

u.nifor!! ,;orest ,alcvat!on of 91:!. 58. Th!!! ~ill ~?'~V!de ~:me-!cct. of 
freeboard during the IDP flood ac:.u=.ing no tailure of those 
portion~ ot tha c=zt th:t dcu:i ~ill not be raised. l"urthar datail3 
of this construction are shown on Civil Desi9n Drawing No. 1979L
C2. 

Unaated SPillvay Walkwu 

A new walkway will be constructv.d o._.er the ungated ■pillvay 
to provide for ped~atrian traffic to the east iPiabankment ciUI. Ttie 
walk,.:ay Yill be 3-feet vid-e supported by 9-!neh tH.!!!met,er !Htt!!!l. p,!pe 
ancho1:ed into tbe spillway c1:eat concrete. The structure will be 
rabrica~eo. rroa AJ6 structural steel; designed ror a live load or 
50 paf. The top of the grating will be at El. 914.58. Further 
<i.etails of this construction are shovn on Civil Oeaign Drawing-
1979L-C4. 
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[ J.] 

[ij 

(3] 

[SJ 

[G] 

[7] 

18 1 

[9] 

Rl!J'IIIIBNCIIS 

"Evaluation of Spillway Ca.p~c!.ty Ell.-pansion Alternatives at 
Boney l-"alls Hydroelectric Proje:::it," by Harza Engineering 
r~■pAny. August, 1987. 

"beophyaical Iuvw&tiga.tiun, &on•y ?.;.ll:. O:.:, Ecc~r.=.~'-, 
M.l.ch'l.g!\n", Oct:ober 1987, prepared tor Harza Engineering 
co:.pany by Weston ~~~phyelc~l Co~~a~ion and Harza'• latter 
to Me'ld Paper data 7 October 1987, aubjact, •Raporc ot 
Geophysical Survey Results, Boney Pall• Daa PERC Project Ho. 
2506." 

Report and Letter dated 3 Dec~r 1987, subject, ,;Boney Falla 
Du, P!P.C Project 2..;n,:;: Il"teria Report on Left bbanlcaent" 
prepaT"ed by Ha-:-~" P!ngi.neer.tng COSipany. 

Report and letter dated 16 February 1988,. aubject, •eoney 
Pa1la Dam, FERC Projec~ No. 2506. Report on Dem P~rfcraano. 
Our1ng Reservoir Mi~irnJ a11U. '.rl•l.:!. :tia-..;.:.at!.~.::t!::::-: ~=;=~ 
Deaeripticn• prepared by H~rzs ttngineering company. 

"f>esi~n Flood Documentation Report ror Boney Falls Dl!UI,• and 
letter dated 2 Nay 1988 prepared by Harza Engineering Coapany, 

"Inrlow Design Flood Report - Addendu. No. l," prepared by 
Harza Engineering company, October, 1;aa. 

"Bonay Falls Dam, Licensed Project No. 2506(4), Geotechnical 
Investigations Report," prepared by Harza Engineering Company, 
October 198~. 

"Boney Falls Dam, Licensed Project No. 2506(4), Th!id H-Yaa~ 
Inspection and Safety Report," prepared by Harza Engineering 
coapany, January 1989. 

"Boney Falls Dam, Licem11sU. r£uja.::t ?:.;;. 2506(4), Third 5-Yea:t 
Inspection and Safety Report, Stability Analysis Supplement• 
~repared by Har7,a Enqin~ering Company, January 1989. 
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Mead Cor0ora~ion 
Publishing raper Division 
P.O. Box 757 
Escanaba, MI 49829 

Attention: 

October 7, 1987 

Mr. ti'ayne La.Pave 
Super lnteml~f,L t",f 01lL&i.de Facilities 

Report of G~vphy~ical 
Boney Falls ~~m, P~~~ 

Dear Mr. La.Pave: 

Survey Re£ ,,ii· P

F~oj~~t :· ~~~u 

Harza is pleased to present the subject re~rt of geophysical 
1nve-tu .. i3at:.iu1u• etc DUil'=)' ,.:c1li1:t Ud.m. idese .111V1:!a1..1.~g-...1.vu~ ... c,-, c 

cond~cted in response to FB~C's June 4, 1987 directive to 
•deter~ine the integrity of the embankments and the C'Ondition of 
the limestone toundation under the embankments• by conducting a 
geophysical survey of the dam and foundation. A disc~ssion of 
the key survey findings and conclusions, along with Barza•c re
commendations for Mead's follow-up activities, follows. 

Conclusions 

Bas~ ?n ground· penetratir19 radai:- (GPIU and seismic refraction 
survey data.- there is no evidence of any voids or sluaping in 
the dam embanktD.ent. The ~mt>ar'lkment cP.ntral concrete core wall 
snown on design drawings and construction photographs was 
detected in the right embank~~nt, but not in th~ l~it. There 
may, however be a core wall in the left embanx:ment cRat ~oulci 
not be detected. FrOf'O data on the right embankment, the core 
wall top is well below the dam c~est and could be a very short 
structure 1n the left embankanent where the dam is low. This 
would r.ake the core Wdll 3if£icult to detect. 

Foundation conditions beneath the embankments we1·1..: evaluated 
U3ing seinmic refr~ction. The survey data indicate that b~drock 
is shallow, and that it is a high-velocity, competent rock. 
Notable exceptions are two areas of wnat appear to be either 
fractured/weathered rock, or a d~eper bedrcck surface than in 
othc~ ~reas of the d~m. One area was identif.ied under the left 
embankme·.t 200 to 260 fct:t. 11;:a:st of Lh!i:: Ui19ated ol/erflow spillway 
qpr~inn; ~~~ Rnn~h~r wR~ nh~Pr~ed und@r thP rioht embankment 175 
to 265 feet west of the powerhouse. The low-velocity area on 

I 50SOU1"M WACl(ER OR"'E CHC4GO. f\.Lll',!01!'; 60Sll6·4288 

TEL (312) 8t,S,.70Cl0 CAC•.E '"(ARZE,.,_G CH,CAGO TELEX 25·3!;;.,C: 
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Mead Corpocation 
OCtober 7, 1987 
P11ge 2 

the left abutment roughly coir.cides with a northeast-trendin· 
terr~ce the.t likely form-':'d the original river valley wall ;- •. ,d 

damsi1:e. 

Bn!.bankto.ent and foundation &eepagl! we1 e assessed using electr ic.ctl 
r~~i~tivit-y 111Athods. supplemented by d:ite tracing and review uf 
piezomett?r ..irad flow- data. The re!!~rvoir level was b..,t-,.,-> ... ., JU. 
895.5 and Bl. tf!:ttf • .t clurin9 th~ sutv~y. On Lht:: le!t. al:lutment, 
the majority of the seepage pas@e~ to the eaRt beneath th~ low 
portion of the emhank~?nt .ar'!d then aout::hwa.rd until it daylights 
about Ol'\A-quar~er to one-half mil~ Uuwn~l,~a.u u:: t~,e d~--;. ::.t the 
springs previously identified. The seepage patn appears to be 
along two of the three primary joint sets, orient~d 290• and 
345•. Prom the resistivity results, the seepage under the east 
low embankment appear-s to be occurring at depth below the bed
rocfl. :sucich!t:, ~it.j,i., i.i1..: u .... :~ ... a. ... _... ::1-~ .!.;,j.;;:::':.:! ~:--~--: ~i:-:"'t>:":"!.e~ 
1.:: th~ f"l:'!l;P.rvoir in this area appea,eu in the spring 1600 feet 
""wnAtream within four houl'S of injection. Al though some 
weathered rock was evident under the high portion of th<t left 
embankment, only a low rate of s~epage was de':.ected through the 
area. No 1arge solution cavecn5 were detected in the fou~datioa 
rock. 

Under the right emoankment, it a.ppeacs t.h.i.t. u•~ wc:1.ju1. .iLi vr i.'..hn 
seepage enters the foundation at the western end of the main 
embanblen~, near the crib cofferdam where the embankment turns 
northward. some of this seepage may travel eas~ward under the 
main embankme~t, exiting in the collector ditch at the down
str~am toe of the embdnkment. However. most of the seepage 
'!lppears to flow southwa.10, where it is intercepted by the 
collector ditcn at:. tne downstream toe of Lhe C::.Suii. :.;y'C' i1,jc.::tc~ 
into a depression near the crib cofferdam was observed in the 
embankment toe ditch within 4S ~inutes of injection. No dye was 
observed in t:he sil\all creek just downatream of the da;o. 

In su.'T\iDacy, it is Harzo.'s ccncluslu,1 that, althou,gh th~ da:n 
embankments and foundation rock are structurally so~nd, a signi
ficant seepage problera exists at this da1a. However. we do not 
believe that the obeerved seepagP. conditions pose ~n im~ediate 
threat to the safety of the dam. 

Recommendations 

~~r~~ r~r.n~mends that Mead adoot the follo~ino clan to confirm 
the results of the geophysical-work, to determine the need for 

' 

j 

I 
l 
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Head Corporation 
October 7, 1987 
Pagel 

remedial woric, anCI to develop designs and cost esti:z.&tes !o: .;:n;· 
r"P:T'!@-:lf~1 work that-. might be required. 

o Perform a limited embanknlent and foundation dcllling 
and testing pc09,am at selacted locatiutts ~o confi:~· 
embankment integrity 4nd foundation rock quality. 
Three 't.o tour bot""cholE!S sho•Jld probably be JLilled in 
each of the three aeepage areas identified by the 
resi.stivity survey, with three to four add'.tional 
hol~s in t.M -11f'"-"'a c.f \'.feathered b~dr-oc)r. h1ienti£i-,d by 
~u1ii:uh; nu,::i..i1vtl::. \£fr,j'C!1: a puilluu vr l.he le!l 1:mLa.11k
ment. Roles Should be Grilled from the embanblent 
crest. Core and soil sa~ples should be recovered from 
all holes and piezometers should be installed. Bore
hole water pressure testing shoold he iocl~ded in the 
p,~ ~· :...;:.:.. 

0 

0 

~rrange to have an PERC geologist visit the site at 
the initiation of the drilling program. 

Authorize Harza to identify and evaluate alt•rnative 
measures for treating t~e seepage problem. 

We are confid~nL i..l1ai.: t.he i11funaa.tiu1. ;.:..incd: f:c.n th::! gecph~lg
ical survey, supple1.:ienteci Dy confic1Uin"J L.i.~lu 0[ ar:.r,i~ cu,.! ;~.;!. 
ing, will lead to the identification of an appropriate courae of 
action aL Boney ~al1s r.:,am. 

very~truly yours, 
, I /J 

,. .:. ..1 n K. . -
~lt(_,/C-~ 

David R. Baier, P.E., P.G. 
Pcoject Manager 

AttG.Clbitents: Geophysica.l In•.f@flti9ation Report, 
October 1987 

--------,_ 
' 
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APPBHDI:. B 
Geoteahnioa1 Iaveatiqation• R■port

Bua.aary -~a CODClU&iOA 

.I\ comprehensive gAotechnical exploration program waa 
undertaken by Karza Engineering Company at Boney Falls Dam in 1989. 
The f~llow!"; !w w ~µww~ry vf findings. 

• Rast-west aabankllon~ sections are coaprised ot a relatively 
tMtt-vious gravelly silt.y sand (SH) with snne gravels 11nd 
cobbles and occasional boulders to 1.5 feet in diameter • 

~ In.-sdtu ~ve-rhnrd,P~ i.!'J a tJl1.1cinl ti 11 d••9,nn.it. c.on::1:;t!.n:;; 
p;.:;!,;.:~:-!.1:;· :.;! :-. ;r=:·.··cl16• =!!~;,- ::~n.:! {=!!) ;.;hi:.:~ 1:::: o~:crl!:!~ ~~
a sandy silt (ML) to silty clay layar about 7 feet th!ek on 
the left abut■ent; total overburden thickness ranges tro■ 6 
to 15 Ceet_ 

• u.:..i::-.:..:.:~ i~ a -tt...:.:.. to -.. ·£-=-I ~'-.!.:1!;- !:~,!~o..: !!=:.:;t-:::~ ;.·!'t!l :!:.:.le 
interbeds and partings; slightly weathered vitb locally very 
thin zor.es of aodarately weathered rock; occa■ional very thin 
vug9y layer and occasional vugs locally; bedding is 
subhorizontal • 

i=azt iiiiit,anM1ent - Yeulooic Conditions 

• From the resulta ot geophysical surveys, ■ultiple seepage 
paths within the rock foundation pass beneath the eabanlulent 
between stations 7+50L to l0+50L and (priaary) 1+75L ~o 2+75L 
(secondary) and &xit as springs in an area ~ppro~imat•ly 1000 
tv 2000 feet downstreaa ~f the da.~ as features referred to 
locally as the North and south Creeks. 

• Tha fuundation underseepag~ zones identiried during the 
geophysical sw:veys are characterized by an upper zone. of 
slightly to locally moderately weathered rock approxiaately 
7 to 13 feet thick. Within tbia zone thin vuggy layers, 
occasional vugs and solution enlarged. fracture~, and bedding 
planes wer~ encountered. Beneath this zone the rock is 
generally fresh,. solid and of good quality. 

• The underaeepage zones area characterized by bigh rock aaaa 
permeability indicativ,e of opan condition&; penaeability 
ranges from about 40 to 220 lugeona • 

I 
I 
"' 

I • 

• 
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East Embankment - concrete Core wall 
• The core wall was encountered in a trench b~naath the center 

of the eabankaent at Station O+J6L at El. 907.3, within o.a 
feet of the original design elevation; no attempt was aade to 
verify the extent of the wall to the east. 

.EAJst EmbAnkment - Instrumentati2n 

• 

• 

Piezo■eters in&talled along the priaary 
indicate that !:esptms-es to reeer,oir 
nagli~ible belov El. 896.6. 

underseepage 
!luotu::.tions 

Dath 
arc 

Seepage flows in North a~d south Creeka are also negligiblw 
below reservoir Bl. 897.o. 

~ ."".:'tc.=:!.:.r. c.::.~d!"t!c:1:; ~=:-u :::.:::c;.ir.~~.-.:~ iaa ~hu r:.,.:...:l:.,· ..:.:-.:.!..•.;.~ 
area at the do~nstream toe of ~he dlll in BH-2 (Sta. 1+25L) and 
BH-WJ8 (Sta. 2+25L) with the rese:.·;,roir at El. 903; pore 
preaaurea re6Ulted in pie&ometric heada up to 0.7 ~•et above 
♦lop ,,....f'"'U~~ ~••-4'~,. ... -··- ::.- -·----- - ·---·-

East Embankment - Seepage Evaluat..ism 

• Based on the length of the pri11ary •••page P"t:h {ain. 1150 
fvot), the lvw h~di:'aulic gradient (i=0.00~) ar.d tha fact that 
seepage is ■ostly through the rock foundation, these 
conditions do not appear to present a hazard to the aa~ety ~f 
tne d~• at tnis ti■e; no re■ettial wnrk for long-tar. satety 
ia anticiJ,ated if the high portion of the embaalulent is 
replaced by a new grftvity structure for added spillway 
capacit)t as presently planned. Replacement of the dll!• with 
a gravity structure on roc'c. would elimina:te the siqni-ficance 
of potential piping of embankment fill into thft foundation. 

• 

• 

Seepage along the secondary path exits the rock foundation as 
seeps beneath the poorly drained, organic-rich wat:erial at the 
downatream toe or the d~-

!L'!. instr~~ntatl'!:'-n !!:'!:'-nitor!ng progra?!!: it- pre~~,e~ t:e d~t~rmine 
long term pressure and flow characteristics. 

west Enb&nJcment - Geoloaic Conditions 

• 

• 

Fzo■ geophysical r~siLtivity aurveya: saepage paaaea beneath 
the fflllbankm.ent between static.1s 7+10R to 7+60R and through the 
ellb8nkment between stations 2+35R and 3+75R • 

The underaeepage zones are cbaracterized by~ upper zone of 
high rock mass permeability about 7 to 13 feet thick 
(permeability r~nges f"roa 70 to 150 lugeona), and a lover zone 

- -
- - -

- . ---------

- , 
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Jfest tmhltnkment - Concrete core WalL 
• The core wall exists within the east-west embankDent ••ction 

ben&ath the downstream side of embankment; the c:ore wall 
height at stations 1+2'1R to 1+40R and !-+40R arA within o. 8 
feet of design height, El. 907.9 and El. 908.9 respectively. 

• The core wall top is at El. 993.5+, 12.5 feet below noraal 
~t:'l, ~tWI!''!-!'! erout 9t!!.t!~!!~ 2+-10~ tc s+toR (and ,-. ~ !:~t 
between station■ 1"'·50R to 2+40R). Thi" ~l!~ l!!!t3page te 
migrate dovnstrel'!llft over the core wall into t!1n pcrvicus 
e~ba.nlalent fill. 

~ .. ,-. ...... ~ .. --- .... i-->t•u-x,,r 

• Relatively high embankment pore pressures are indicated in 
piezometer& BH-WJ and W5 in the area of tho dallll crest with the 
low core wall: BH-W6 upRt.rP11n11 ('f the core wall an(! BH-~21, in 
~=- :!~::;.::.~re~= ~l,:;ii"'"• l.uw1::S:1.: tJLebt:hh.f:I&. Wdl.• .utco,:d.-.i in t..ini 
crest piozorneter- BH-W4, in the area of the low core wall, 
which may be a result of relief into underlying bedrock 
fcundation. 

• Uplift pressure~ within the rock. foundation are leas than 
embankment pore pressures. 

a~~t Enabankment - seepage Evaluation 

• 

• 

• 

rrc.i: y~uphysical tests, the pri, .... r.1 seepag" path passing 
beneath the e111.bankm~nt occurs ~tYee:h .::.t:ations 6+85R ~nd 7+35R 
whicb is chara.JterJ.zed by high rock. rtaso permeability and open 
conditions. 

Underseepage a long the primary seepage path appears to be 
int:"'rcepted by the burled collector ditch at th• tue (.,£ t.he 
dam. Recent f!~~!! ob:Jer-.rcd in •earney' s Cr£ek", -·Qvw··m•t:n>-a.ii 
ot the embanJanent are only in part a funct.icn ?f underaaap;gv; 
generally less than 40 gp■• 

A vet area in the downstreaJI embankment slope exists between 
stations 2+35R to 3♦75R in the area with the low r..ore wall. 
This zone is characterized by high eabankalent pore pressures 
and a high gross hydraulic gradien~ (i-0.2). 

Borre~ Sources for Pr9P9sed bbanJgpent Raising 
• A sou1:·ce of semi-iapervious construction material comprised. 

of medium dense silty •and (SM) niaterial with a t1·~ce cf 

I 

I 
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graveL and slig~tly plastic fin•• was 9tudied for use in the 
eai>anltaent raising proposed aa part ot prt>ject spillway 
capacity expaneion. 

e co:apYction tests indicate maxiliiWii den&it.le:N bfatwuan 127-133 
~fats percent optimum moisture content; natural aoisture 
conter1t is 10-11 percent but su■e aolature lo■■ i• anticipated 
dur.lng handling. 

concrata structures - Geoloaic condition& . 
• core '!!?.·!lling operations encountered locally thin vuggy 

.i!:!d ~c:..tt•.:v.! ""'9'- in the 1'ate4 ttpillway foundation. 

Ijl'"'° t.+@i&11i.ai..ioa 

layer11 

• U~li!t pressures beneath the non-overflow gravity structure 
indicate piezometric levels approxi■ataly 22 fe~t above top 
of rock beneath the center of the daa with the reservoir at 
:!! • 903 • 

• Relatively high uplift pressures 11xi■-c. Pineath the central 
and eastern portions of the ungatW spillway apron; artesian 
condition■ indicate piezo■etric levels up to J.2 feet aCOVe 
the apron for reseL-voir El. 903. 

• Uplirt pre■aures beneath the eastern end of the ungated 
spillway are higher beneath tt\e l'lpron 'than the crest; this ~y 
be a function of the dep~h of the piezo.:etar in BH-W26. 

Concrete HtructureB - Foundation 2.ftrameters 
• Fro■ laboratory tests on •ampies rec~vered during drilling, 

rock foundation e:hear strength parameters reco..ended for use 
in the stability analyses are an angle of internal rriction 
of 23• and a cohesion factor of o.s NPa (?O psi). 

I 
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Rec SPillwov roundativn r:~::u'rat..iQn 

" A portion of the exieting ea.at em.b&n.Uen::. wiU be rezaovqd down 

to becdrock tor cnnatr~otion of A new RCC overflow apillway «t 

the project. 

• 

• 

Dental excavation at th• weathexed and $olutioned rock 

be required pa?.tieu2.arly in underaeepage areaa.. 

foundation ahoulQ be hydraulically cleaned and all 

fracture• slush gro•1t:.ecl. 

will 
The 

opan 

Consolidation grouting will likely be required beneath tho 

RCC spillway fcmndation in the unde.t"seepage 2ones (S~ation 

l+iSL '~· .. · ~: t 75L: 1+2s1., tu l.C+511T,) to locally str.engthen the 

foundation and to i.nc.:---i:G.Je t:~!? depth of tnes •.;.~_:~;?~ p~th 

beneath 'the R.CC 1a1t:cucture; fol loving an in•tr:action of the 

u.:;q; .. v~e~ 4 !)lllway Coundo.tlon J!!OrA ex-c:enolvP. conwulidation 

grouting may be required. 



I 
I 

• 
-•

• 
-.

.. -
--

•• 
--

--
- -

-

; 
' 

' 
' 

' 
' 

.. 
I 

I 
' 

~l 

. · .. J
 

·1 
I 

I 
l 

. 
I 

'' 

I 
I 

;' 1
1 

l 
' 

I 
' 

t 

i 

I 
I 

I 

l : 
' 

I 
" 

. '
 '

 

t 
' 

I 
' 

I ,
 

' 

• 
! 

i 
I I

 
, 

,I 
r ,

 '! 
I 

' 

..
 I I

 'I 
' 

!, 
\ 



19890515-0214 

I I 
I 
I 
i 
I 

i i 
I I 
I I 
11 

I 
I 
; 
I -
!! 
II 

I 
• ■ 
I 
I 
I 

FERC PDF (Unofficial) 05/09/1989 

APP■IIDIZ C 
PBRC ~hir4 s~Year %n•poction and 

•uma•ry ana Conolualone 
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A, Reoort Histoa and Content 

C:JIAPTER J 

SlltvW<Y 

This is the !-"h•c·Ycar ln:;pcct.ion and S::fr;<:ty Rr.pcr:. 

for the Boney }'alls P["ojec.t: prepared pcrsuant to Ord,er No. 122, Subpart O of 

Part 12 of the Federal Energy Regulatory Comnission (f·ERC) .:egulati~~s. 

K@ad Corporation, PublhC\ing PapeE Division. owns and operates the pl·oject 

under FERC License No. 2S06(4) granted ou 31 JanuaTy 1978. 

Previous Part 12 Reports were prepared in 1980 and 1985. The 1985 Reoort 

was resubmiLLed in 1986. Both reports were prepared by ~arr Engineering. 

Company, Hinneapolis, Minnesota. This is thri fir$t r@port prep3red by H.arzo 

E~gineering Company, Chicago, Illinois. By FERC letter dated 12 D~cc~ber 

1985, the FERC rejected the 1980 and 1985 Part 12 Reports, along with the 

1983 Daa Break and Stablli.ty Analysis Supplement to the 19RO Rcpor.:. Tl,t: 

1965 P~rt 12 Report was resubmitted in 1986 incorporating modific~tions 

requested in FERC's 12 December 1985 letter. 

Sy FBRC letter datP.d 10 June 1988, the FERC rejected the 1986 P6rt 12 Report 

A7\d ordered that an adde11dw11. be subI&it:t:cd by 1 Oct:vbu.· 1988 t:o s.ddresr. a 

series of specific concerns. By Head Paper letter dated 14 September 1980. 

a deadlin~ ~x~ansion for submission of the required addendum to l ~ecember 

1988 was requested. By F£RC letter dated 16 September 1988 the extension 

was granted. 

by letter dated ll November 1988, Head Paper requesteo t:hat a new Part 12 

Report be prepared and subnitted in January 1989 in lieu of a11 addendun to 

-p':'CV1C~!. .:""j~.:ted repnrts. Head had undertaken extensive geologic· and 

hydraulic studies of che project since Che U86 fa-. t. 1~ Rep,:.rt uas sub-

milted. In view of the n•v iufonaatlon ■ade available by th~se studies, lt 

vas felt that an all new Part 12 t.eport was justified. Ry letter datetl 

23 tiOVl?■ber 1986 •he FERt approved the preparation of a new Part 12 Safety 

ME.~Q PAPER 
Bon,,y iai:.. LJam 
FERC License Number 2506(4) 

January 1989 
Pai,<! 5, 
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lnspectlon Report wlU, Lhe understandln~ that earlier FERC concr.rn<; rr•e,.-.rtl

in~ the 198~ and 1986 submittals he specifically addressr.d. The ne.,_t P,1rt 

l '.t R'!pori: "'ill be due in l 994. 

Copies of the above pE.t·line,,t correspondence. includit1g the FERC approval of 

Mr. Davi.I R. Rc1itlt· a~ thtl l11J~ytl11dtmL Cuu,.uli.<tnt ... re tl:"::.:och.-:d us 

App~ndlx A.. 

serlies ..,,[ spe-e!fic c-:-!":cE'r~s ?'!'!~th•e t~ the 19!~ e~!i !9!f ~~?°'= 12 St!~'!'itt~ls 

in their 10 June 1988 let:ter to Hud PapeT. These concerns included the 

involvement of the prior Independent Consultant in th~ 198~ and i986 work. 

the :,:tabi.lity analyses of project st:ruc,.u.·es. and co11U11ents on the dare 

break/flood wave .studies previously submitted, 

A statement regarding the invoh·ement of the prior lnci•yendent Consultant in 

the preparation of th@ 1985 a,1d 1986 Part 12 Reports i:- .:it:..:chcd .:is 

Appendix B. 

Stability of the concrete structures and ~nrrh ,.,.hanbPnt.s h;i;ve be1m ~om• 

plet~ly re-an~lyzed since the 1985 and 1986 submlttals. These new analyses 

ar~ based on newly acqui~~,:l infornootrf~o f.,..o,. fh,ltl investigations conducted 

h: 1987 and 1988 by Harza. 

Dan! break/flood vave analyses also have bel°,n revised by HArza since the 1985 

anti 1986 submittals using a more current version of the DAMBRK model than 

vas used for the earlit.r submittal:.. SpecJ.fl;: FERC conlllents en the prior 

analyses have been incorporated into the cuTrent analyses. Result~ of these 

analyses have been presented to Nead Paper and forwatJed to the FERC in 

H~rza•s Inflow Design Flood Report (6) (Note: References are attached to end 

vf this report ordered by date), and Inflow Design Flood Report A~dendum No. 

1 (7) submitted to the FERC in Aprll ar.d October 1988 respectively 

6., 3 s~uP@ of Work, The scope of work 

Inspection and Safety Reporc ls attached as 

HEAD PAPER 
Boney Falls Dae 
F£RC License Nuaber 2506(4) 

for th"C prepa1·atiun cf ~hie 

Appendix C. 

January 1989 
Page 6 
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A, 4 lfil!ependeot Consul t,nt • 1 Rtswe. 
Heqd Paper requested that Harza's 

Sy letter dated 14 Septernb~r 1988, 

Hr. David R. Baler be approved as an 

lndcpenden;; Consultant for the Boney falls iroject to fadlitate pre1,1a1·ation 

of the adde:r,dwt by Hana. By FERG letter dated 26 September 1988 :tr. Bsier 

vas approved 

Appendix A. 

as the Independent Consultant. This letter is ~~~luded ~n 

The resUllle of th~ Independent Consultant, Hr. David R. 83ier is 

attached as Apuendlx D. 

A field inspection vas performed on 11 November 1988 by the 

Cons•1ltant vith H:..·. Claytor, Carlson of Head Paper. Sigr.iflca.nt 

this inspectior. are: 

Independent 

findings of 

1. The dara is in good '>Verall condition wjth significantly iraproved 

appearonce and conditl~r. du£ to ~c=cn~ repair and caintcnar.ce ac· 

tivities of the owner. 

2. Tne vest (right) embankment daa continues to shov signs of a high 

3+90R (NOTE: Station designations with •a~ indicate west embankm~nc 

dam stacionin!!. along right-hand side of river; StaLior, J'-Slf$ndt1on;. 

with ~L~ indicate east embankmPnt dam stationing along l~ft-~and side 

of river). ihe vetnes~ in this area, however, is n~t as hpparcnL ~s 

it has b~en during past inspections. The reservoir water level has 

been kept at a ainimun of about 3 feet below normal pool since 19S? 

per FERC vtdeo (NOTE: Nc,r,.al Pool level Iii Cl. 906.58 which ls local 

datun El. 98.0o+808.5S conversion to ft, 11sl). This is the likely 

reason for the apparent reduction in wetness. New piezometers were 

installed in this area in i987 and 1988. Seepage flows that ace 

preRentlf collected 1n a buried pipe at the toe of the vester!y half 

of the embanka£nt have been separated from flows collected in the 

rock-lined ditch ct the toe of the easterly portion of the embankment 

clos~st to the powerhouse. The flows have been routed through a 

Parshall Yluae into a cree~ dovnstrean of the Dam. The owner takes 

periodic readings of seepage flows through the flWle and of the lotal 

HEAD PAPER 
Boney Falls Daa January 1989 

Page 7 FERC License Nuaber 2506(4) 
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3. 

4. 

• ,. 

6. 

flow ln ll:e cr.,.ek dovnstreaa -:,f the point whet:e the seepBKe has Leeu 

diverted. As a re-.ult o[ this seepage flov l"e-rout.;.ng theu, is now 

very little seepage flowing into the river fro• the '-lest ban}~ of th~ 

tailrace. n,erc ls now very llttle flov ln the rock-lined ditch at 

the east end of the dam. Pcovisions should i;,,e •ade for more a;;('.l:rate 

measurement of flows in this ditch in the !uture. Consldentlon 

should he ~•v~n to replaci~! the toe drains alon! the .,.ncire lan!th of 

the west embankment dam with a buried filtered pipe droin. 

ThE non-overflow sr~vfty dam 4pps~rs 

A new retaining vail downstream 

replacing old masonry blocks with a 

of the section has been rebuilt 

new concrete wall. Thi5 wall 

support; fill on the do~-nstreab side of the non-overflow section. 

The puwsarhouse appi!aLs to t,,v. :.v;.;utl a.r,d free of distr.:::.:.. 

units are operational as verified by l'"ecent efficiency testing do11f< ln 

conjunction with relicensing activities. The leg sluice :?~d f!sh"f1'!)' 

adjacent to the powerhouse have been capped with concre~e as part of 

Chft gated splllvay pier replacement progr&.111 vhlch has just been com

pleted. The fi$h lddder and sluice ~=c ~: !=~o~= !~~=~~~~=~. 

Th .. - ·- .. ... .. ,.. of distri:SS. 

Replacement of all piers is now complete with piers 1 and 3 being 

replaced in 19gs_ rne spillway chute concrete appears soun~. 

is no visible erosion daoage of any significance. 

The 1:ngated spillway appears to be sound anc' free o( \1istres=,.. 

There 

is some erosion of concrete •aterial nea1· the crest of the ogee wl~ich 

should be revalred in the next five years. 

7. The east embankment dam appears to be sound and free of distress. An 

inspection trench vas excavated at the toe of a portion of the east 

o::mbankaent in 1987 to invastigate seepage phenomena. A filteroed piJ•e 

drain vas installed in the trench. An exit veir ha,; been provided for 

measuring flows. A detailed report (4) of these activities was 

pl'"epared by Harza and transmitted to Head Paper by letter dated 

KEAD PAPER 
Boney Falls V•m January 1989 

Page 8 FERC License NW1ber 2506(4) 
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16 febtua1y 1988. 

dovnstrea• face of the east embankment dam and the effl!Ct ol Che 

ovelsteepening on e111banbent stability, i!re also rlc::.cr!t-c.d i;-: [!,.:. 

February, 1988 report. the east e"bankment dam b only accessible 

fu.111 the powerl,01.lse by foot across the toe of the ung;,~ed sp1lh1.1y 01: 

by walking across the ogee crest. A pedes~rian bridge shoul~ b~ 

fo? Inspection d1.1ring periodti. of high water. 

8. H~1or sprtnis were discovered in the area about ~000 feet downst~eam 

of the east ~11bank11ent 111 1986. 11iere a:-e two spring areas identified 

as the 'North' and •South' Creeks which are monitored. SePp8g~ flows 

c. 

C,1 
this 

va1y with reservoir head. Measured seepage t·nder nornal pool condi · 

tions is about 5,000 gpm. This is che combined discharge from ch• two 

spring :.rcns. \lhile there Is evirler.ce frcl! l!~!.g!"!!!oring pror,;,rty 

c-wners that thes~ springs had been in existen~e for ■any years (note 

P~r>r:o 7 which shovs a waterfall of the north creek in 1978). 1985 was 

the first time that these feature 1 have ever been reported to the 

rF.RC. There is no mention of t:hese feat:ures in the prior Part: 12 

reports. The ovner has established ttn •vt•n;:Jv• ., ... ~,.~• ,.nn1tnrfr.~ 

program relative to these springs. 

FE.RC staff fr~• both the Chicago 

The seepage wa-::er ls clear. The 

:md \lashinzton D.C, r-ffices visited 

~hP. site and inspected the springs in 1987 and 1988. A det.dled 

geophysical investigation progr&.11 0£ the foundation and e111bankne11ts 

Wills co;1ducted tn 1~87 [lJ to furthn· Eovaluate the significance of the 

observ~d seepage. The emban!m.ents do not appear tu have been dani&ged 

by seepage flovs, 

St.ability ETalu.a~lon 

Concrete Structures Stability analyses pr~sented as a suppleraent to 

report irvlicate that all structures ■eet Fi.R.C's stability criteria up 

to and tn~ludtng the Probable Haxi- Flood (PHF) loading cor.ditions except 

for tho poverhou.~e. Stabillt:, analyses are based on the results of ex• 

plor~t~rv drilling, lab tettlng. and field 11easure11ents taken during 1988 by 

MEAD PAPER 
Aone:, Falb Dam January 1989 

Page 9 FERC Licansft 1:uauer 2~06(4) 
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H,at :.t.a. TI1e powei:house sl&blllty fac:.oi:s 

guidelines for Ncr~al Po~l, Normnl Pool plus 

a~•lnst slldin~ are below r£~C 
lee, and NoT~al Pool plu~ 

~arthqua~e !0.lg) losding conditions. A cracked-base section develops for 

1,Jrmal pool conditions. The structure falls to ateet F£RC sT:abilit}' criteria 

1 ~ tull hc.:d·.:.:iter uplift develops in the crocked pot"tlori of the bn:;e as 

.:~quired 1::y f£RC .if-Vi.-.:.v~,1 Ouo&yi...i.-.:ai. pLuceciures (ij, 1ne toundacion o:.: 

Boney Falls Dara t~ karstic }ime~tone. ThR ~f!nlfir~n~~ nf A rTArk At t~~ 

base wi..h res,ecc to pore watei: p1es:!1iuu, u.a.st.L"lhution ln the Ic.un.datio•1 is 

questionable given the Jegree of drainage that is probably provided by tne 

joints in .• ,e fo•.md.2tion. Uplift under the vo..,erhouse should be verified by 

installation of piezomete[s within the ne~t year. If high uplift is dis-

covered, post-tensioned anchors should 

improvement, 

be for stability 

C 2 Emba~}cment Duis, An extensive dtilll~g and testing pr~gram was con

ducted in the cmbankncnts in 1988. The purpose of the p[ogram was to 

(i) verify foundation and embankment conditions revealed hy geophysical 

testln& conducted in 1987, (il) determine phrcatlc conditions in the enbank

ments, (iii) S:!_~~le embanbent and foundar,on materials, and (iv) deternine 

geometry of the e~b~nlultent corewall. A portion of the corewall crest in the 

west embankment was found to be significantly below normal pool level. 

Stability en~lyses presented as a supplement to this repo[t show that that 

portion of the west embanknent dam where the corewall is lo~ (with a high 

phreatic surface) does not mee~ tERC established stability criteria. 

t!o...,ever, -l.-.. - .. ~r••·~-··- ......... ___ ' --··--·, 
stability factors are acceptable. It is recommended that the corewall in 

th~ ~ast ~~b=ck=cnt b~ raiacd to 6bove the design flood level (El. 912.58). 

A rew, fllt~red pipe drain should be installed at the toe of the west en• 

bankment from station S+OOR to station 8+00R for i•proved seepage control. 

The design of the existing buried pipe to& drain alcng the westerly end of 

the vest eabankaent ls not certain . 

The stability of the east embankment dam vas studied at the reqcest of the 

FERC in December 1987 when the RXistence of a hand-layed stone wall was 

noticed d11ring a Cield inspection. The results in Ha[za's repo1t (4) showed 

MEAO PAPER 
~ney Falls Daa 
FERC License NUDber 2506(4) 

January 1989 
Page 10 
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that th~ presence of the ston~ well r~duced the factor of safety. The wall 

vas subsequently re111.:-•_•.:,d and addltlonal material vas placed on thi! emb.imk

ment slope. 1he east embankstent dam ls nov meets FERC ~t3bllity c~iterla 

for all loading conditlons. 

:l"..'ne:: :;f pric_.ticr,:r.:tl seepage und1:., .:he e3st e:::b&r,k..Mtll'L Oani identified by 

!eo~hyslcal 131 and drillinR (8) studies do not require srP~tal treatment at 

this tlu~. The cmbant..111.ent in the two under5eerntP. Areas identified by the 

gcophys!~al suTTey ln 1987 will be replaced in 1989 with a Roller-Cofflp8cted• 

Concrete (RCC) &ravlty spillway section as part ot planned spillway capacity 

expBnslon. The foundati<'n in these areas shoald be grouted prior to con

structit~n of the new structures a::i described in Harza·s t,;eotecnn1ca1. r;.eport 

I a I . 

R..,___Ji_e!!-1!!.ll..,Adeqµacy 

The exisdng splllway capacity is 33,000 cfs wlt.h water at ehe da111 .:::rct;!: 

(El. 909.08). 1bis ls significantly less than the 147,000 cfs pe&k PHr 

inflow presented in prior Part 12 Reports. Daa br~ak/flood wave studies 

preseneea J n Harza · s Inflow Design r·luoU { IDF) .l:eput L i 6, 7} :.how that. b~scd 

on insignificant lncreaental damages dovnstceaffl, an lDF pesk of ap

proximately 100,000 cf= would be more appropriate for the ~on~y Falls 

Mydroelecerlc Project. Additional spillway capacit) ls required. Spillway 

capacity expansion design drawint>s. d.,d specifiC'.ations ar~ currently under 

preparation which include construction ~fan ~re Spillway to replace por• 

tions of th-? e11st embankment dam and raising t.he vest embank.lien:. da111 to a 

unifon11 hf'ight. 

1989. 

MF.AD PAPER 
Boney Falla o ... 

It is expected that these featutes ~111 be C'o~~tructcd in 

FERC License Nuabar 2506(4) 
January 1989 
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E, QpraratJan and Kaint~ 

Current owner operation and 11alntenance of the plant are adequate. 

F. ttonltorlng PAU 

Seepage mcasuree:cnta .ire pr!?snn,;ed in '&his report. There has ~et>n n,., nvtjnr 

change in ~bserved flow quantities since the present aonitoring program was 

begun in 1986. There are no ~urvey reference benchmarks adjacent to the 

p1.ujt!(:C ~l.tuci..u1.es Lu pt!tmi<- petio<lic survey ut a.l.1.u\:i..ulU t!i...,vatiul,J a,,J/UL 

horizont~l displacement. Head Paper plans to establish of off-structure 

benchmarks in the area <luring spilht•)' c.r. .. am.iuu ... ua,.i.~1,u,;t.iu11 .i.u .i.::ro,. 

HEAD PAPER 
Boney FAUS Dam 
FERC Ltcense NU11ber 2506(4) 

January 1989 
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A... Assessaent of D.w 

CHAPTER X 

COHCUJSIONS 

The dam and appurtenant :jtructur.as are in goo<i condition. TI,e owner- has 

juist comrlfltttd an ev.r:en,;lve rebuildiflg progran. All the gate piers have 

been replaced. Other recently completed work iS desco:ibed in Chaptt!r IX. 

all project structures except the poweri1ouse and the portion of the west 

embanlcaent daa vlth a lov corew&ll meet FERC stability criteria. Stresses 

l:).thLn the concrete sections and to1.ondatlon are accr.ptablc. Heasul."1:J flows 

from d,e tvo spring areas discovered in 1986 have not changed. Tl-:ere is no 

ing public safety. lnprovemer,r: in t11e toe ditch se11page collection system 

is recouende~ for the west embankment dam, 

from recent sLudies, a flooJ 

approp,.iate projec1· 

only "bottt. 33,000 cfs 

Inflow 

with a peak discharge of 100,000 cfs 

Design Flood. The existing splllw11y 

is the 

can pass 

with th~ reservoir at the t~p of the 

daas. Existing spillway capacity is therefore inadequate, 

exisling 

Spi ll~ay 

earth 

sion studies are ._,.-,der preparar.ion and will h~ the subject of a se?arate 

report. 

L... AdeoJuac:x of lnstruaentatlon and Montt~.I!M 

The existing array of instrl.l!llents at the pro_iect is adequate for evaluatin~ 

the beha•1ior cf the struct.ure except for potential vertical a,'\d h(lrizontal 

aoveaents of the structures. There is no syste• of 3urvey ~onuments and 

targets provided for 

tions. A suitable 

routin~ surveying of structural settle~ents or def!ec• 

layout should be developed, and ■easurenents shuuld be 

....... cu t'C<L.1.VUHdl-.&.y. ll1'QUtim;y OJ: uiaULng f:XI.Sti.Ug U•St:ruaer.t.s 1:. accept-

able. No changes are recom11ended at this time. 

HF.AD PAPER 
QUney ;'•lla D,.ai 
FERC License Nuaber 2S06(.r.) 
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C, Adequacy or NalnteDfnce and Surn:lli;.rn;n 

1-:,-:i,:~lne 111.111lnt-~n:iinc(II: ar.d surveillance practlces are so•Jnd. Acee!>!> for 

inspection nnd surveillance lo the east eYhanlcment da~ is poor. A 

pedestrian bridge over the 

Ellergency alaras to initiate, 

stalled. 

con~rolled spillvay should b~ constr~ctcd. 

Emergency Action Plan have Just been tn• 

0, Adequaey of Project DDeratlon 

The 1,roJect l:. adequately operated. A new automated system na!' Just ocen 

!ustalle<1 

.§,._ __ "d_e_qw.cy of Ooeratlon of SPlllWAY Cates and Scandby Power 

The existing gate hoisting system is similar to that at 2any other ~i~iler 

projects. The adequacy of the hoisting mechanism will be review as part of 

the spillway expansion studies presently under preparation. No changes are 

necessary aL this tice. 

MEAD PAPER 
Bon•y Falls Du 
FEA.C License MW!llher 2506(4) 

January 1989 
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(;HAPTF.A Xl 

RJ!O"INNDmATIONS 

A, Correctf.ve fte•sures Required for Protrct Struct:ures 

eis,al~_,w,e,set-a[g=••••D=M=•onut-aC,o•r•••v=••l•l~, The vesl embankment corewali shculd be 
raised to at least El. 912.58 frQm station l+OOR to 8+-00R to iuprove embank-

ment stability up to the ~•XllDUA re~ervoir pool level during an ]OF peak 

inflow of 100,000 cfs. 

A, l west t4panKmept 1oe ur.,u11.,_ the ex1st.1ng west em~anKn:ent toe oratn 

system should be replaced by H new, filter~d burled pipe drain for improved 
-~~~~~~ ~~-~¥A1 ~~A-~~•~~~,-~ •---•.--o• •·••·•·· -··· -··•••··-·o· 

A, 3 Powerhouse Stability, At least tvo piezometers should be ir.stnlled in 

the powerhouse to check for high ~1plf.ft pres:.ures. St.3bilit.y should be re

compuled lf aclual upli[l under normal pool conditions ls found to be h5S 

than full theoretical uplift pressure. If the computed factor of safety for 

the powerhouse is found to be less t:han that cequired by the Ff.RC, post• 

tensioned anchors may be necessary for stabili~y lmp~ovement. 

A,4 Unc•,.,t col led Spillvay Concrete, There is so~e minor concrete 
-· ~----·- •• -- & ••• ._,,., uu.-u<>,.._.,...._. .1.a-.. .. 

within about 5 feet of th~ crest which requires some repair vit.hin the nexr 

five years. 

A.S Ust Enbankllleot Pam Underseepage, If an RCC gravity spillway s~ction 

is constructed In place of the high portion of the east embanknent d~~ from 

station O+OOL to 5+00L, then there shoulrt be no need for Curr.her special 

remedial work to control underseepsge. Foundation g1.outing for seepa&e 

control and general fou~dation improvement beneath the new spillway struc· 

i;;ure as ,;u.scusseo 1n tile geor.ecr\n1cai reporr. i?i shou1.0 i:Je inco1:po1:a1;ed i.nto 

splllvay construction work. 

MEAD PAPER 
&oney Fa 11 s Da■ 
FERG License HUJtber 2506(4) 

Jan~ary 1989 
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A.6 svtllwav Cau~ Spillway 

inflow design flood of 100,000 rots. 

an R~C r.ravi~y section ove~flu~ 

capacity should be e:i<panded to pass an 

Cu~cenl plans by the owner to construct 

spill~ay in place of the exlstlng east 

err.banklllent daa- with raising the west embankaent di.!11 vlll lead to an incr~a~c 

in spillway capacity sufficient to meet this require~enl. 

B, 1 Uncontrolle<I: SRil\way Y•llcway, 

structed to facilitate inspection of the 

during flood events. 

A pe<!estrtan bri.dge should be con

east embankment da~. ~~peclally 

~'L 2 UnderseePa1e Konitotln&. Pen:anent Parshall Flu111es should be inst:·lled 

on the Horth ::n~ So:-nrh Creeks pending the sucr.esstal pertormam ... v• .. ;, .. 

flume 011 spring tl-1. 

~ C::>rrectivc tleasures lle<llllred [oc froject Operacioo 

No ch3nges in project op~ration are needed at this time. 

All reco-mended Lmprovea•nts should be undertaken vithln the next ..:wo year-s 

or as specified above. 

E. A<M•:Jtfona} Safecy &uulRMnts 

No other additional re■ediel safety nearures are needed at this tl~e. 

HF.AD PAPER 
Bc11ey Falls Da■ 
FE..~C License NU11ber 2506(4) 

January 1989 
Page ~lo 

I 

I 



- -
-



19890515-0214 

I I 
I 
I 
I • 
I 
I 
I 
I 
I 

i' I 
I 

11 
I 
I 
I • 
I 
I 
I 

FERC PDF (Unofficial) 05/09/1989 

llPPBHDXX D 
Project Bydraullo 

I 
I 



1 
:1 
~g 
i/l'-' 
0 

~ .. 

Gated ~;J)ii(lway Rat,ing Ctlrve 

40 ,----------------------

35 t·-·········-- ....... - ... - ..... -........ ............ . ....... ·····-· .. · .......................... · ................ ••·-··· ......... ·- •···· ...... -· ·- -· 

30 t·•-·········-·•-··-··-·-···-·· .. •·· ···-.. ···· .. ·•·· ............................. _._ .... - .. ·-·-·· .. -·-........ -._· .. ····· .. -

2 C. ___ ..... _._ ...................... - .............. - .. - ......... - .. - -··-·-· .. •· I-"···-·-.. -~ ... -.,.,, __ ,,_,, _, 

2:) , .. ··-· ....................................... ············ .............. -· ...... ······-···-· ....... ·-· .. 

: 5 , ... ··········· ... -.. •·• ·- .................. .... . . . ........ _ ..... _ 

1 D , ................................. -............ ·--............ ···-···-

5 

0 t, I I ilf 

893.58 897.58 9C1 .58 9C!i.58 909.58 913.58 
895.58 899.58 903.58 907.58 911.58 915.58 

RESEflVOR HWEL 

' 

' .. I ,, 
. 

' .,·. . ' 

'i 
I , I . - • 

':] 
I 

I I . ' 
I . . ·-

,, i 
. I 

~ 
11 I i ! 

. 
I . . 

i 
' . ' 

I I . ! .. 
' . '• ' I I I 

~ 

~ 
c 
= 
~ 
~ 

0 
~ 

• ~ -
0 
~ 

' 0 
~ 

' ~ 
~ 
00 
~ 



1
9

8
9

0
5

1
5

-0
2

1
4

 
FE

R
C

 
PD

F 
(U

n
o

ffic
ia

l) 
0

5
/0

9
/1

9
8

9
 

I I I I I I I I I 

1! I' 
• I I 
,. ,. I I I I I 

• -
Ill 

:ii I 
l~

 .... 
~
 

:-; .. 
ii~ 

I 
........ 
l!il 

., 

f!l 
=a-
i~

! 
i
i
!
 

...... I! 
.!&

:, 
•
•
•
 

··--
-~-~Xi..: 
·-

. 
•A

..,IE
 

ii 
- u -
w

 

I 
~
 

I • --
g 

:fi I 
J-~1 I 
u 

•• 

·-iii! 

-ii~ 
::; 1 
,tp

u
 

fi=
; 

... ,:. 
:1~• 
. -
i 

E
 . 

-
. 

--.... 
►
a
 w

s
 

ii 
- u 

i 
w

 

~ 

! •• 
-· '.;I! ll!!l! 

:,;· ii 
-

J 
a 

I 
I
_

..., 

gi.J;~ 
ii J! 

.: • 
!Iii! ~ae 
i 

.; 
J 
.., I 

I 
I 

..~
5

i8
 

: 
P

.'.!• 
au~

-

~r!a:: 
~
 .. 

-8
" 

• • • 
j
o

o
o

 
~JV 

-
u 

~
 

w
 

w
 

Q
 g~w

-. 
.. . . 
i
o

u
 

j-~~f 
·i· 

re .... D. 
w

w
• 

"
2

~
 

i J 
• 

w
•
 

u
&

~
 

'"Ei;: 
►
 

-
~

i.,>
• 

-
-

~
!l?~

i§~
6iR

l~
li5~

il 
·-1; t -.a 

~
~

iiii~
i~

iS
i;ii~

iii 
.,~ a~ ; - ., u 
-

" 
~! 
i" 

~
i
-
i
~
~
~
a
s
~
~
-
~
-
~
~
~
3
-

~
 

t~
 

-
M

~
,0

 
~
 

~
-
N

~
 
~
 

.,.·11'1·~ ... -..:,· 4
"
 4

"-o
" <

'; 0 
..:.· 4

" 4 ,o" ,i',,-.·,.:.,:,._•,._",._" 

Q
 

,t 
~
8
~
8
~
8
~
8
~
8
~
8
~
8
~
8
~
8
~
 

-
o
~
~
~
~
~
~
•
•
~
~
~
~
~
~
m
m
~
~
 

i:: -------------------
.-~ -

8
~
!
~
S
~
S
~
S
~
S
~
!
~
~
~
3
~
S
 

!Ji 
. . . . . . . . . . . . . . . . . . . 

-
-
N

N
M

~
~

~
~

ll'l,o
,o

,-
.,-

.~
~

~
~

, 
111.: ---------

------
~
~
~
~
~
~
~
~
~
&
&
~
~
&
•
~
~
~
 

w
 

• 
-

-

!ti 
o
o
~
~
M
~
i
!
?
f
i
~
i
~
~
~
a
r
z
,
~
i
~
~
~
~
N
p
~
M
~
~
~
~
!
~
1
~
~
 

-
~
-
~
 

,0
 

~
-

a-
1

1
'1

~
0

 
~
0
~
 

-
M

 
~
~
 

. . -. --. .. . . . -
. . . . . . .. . . -. ---. . . . . -

-
-
N
N
M
M
~
~
'
°
,
.
.
~
~
~
~
=
~
~
~
~
~
~
~
N
~
~
~
~
~
~
n
~
~
 

I:~ 
g
~
~
~
i
~
~
~
~
~
~
~
S
R
~
~
2
~
~
~
8
S
i
8
8
~
~
3
~
~
~
~
s
~
g
~
t
 

·- ••
 

, £0<-0: 0: f> c; 0, ,i. >,,,; ~
 0 r>, r/ rl, (> 0. 0, 0,. 0,. .;.,a.;.; .;.;f/0

 f/Of/0 f/0 f/Of/0 .if/0 .;.,; 
•• . -----------------------------------
J
-

-----------------------·····--·--··---·-, 
l! 

8
~
~
~
~
~
~
~
~
~
~
~
~
~
~
;
~
~
~
~
~
t
;
Q
S
l
l
~
~
,
~
~
8
b
S
&
 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
I O

~
M

!"
1

 ~
...,;.;;.1

 "1
M

.., M
 ..,,.,.., M

"1 M
M

M
 ~

..,M
 M

..,M
 M

"'"'""P
"IM

 ~
-,, ~

.
 

8 
.§l;2alsi~&

iis&
~~aiiiiii,~~~,iiiisE

&
~si 

l! 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

' . . . 
o

o
o

~
o

o
c
c
,
,
~

0
0

0
0

0
0

0
0

0
0

~
0

0
0

0
0

0
0

0
0

-
-
-
•
•
-
-
-

~
 

jjjgle8~a!?~$iil:Sf);!il~:X~!;l5!S:;Ji~i!!E~iilil"'iiii!"iitl1iill.:ii! 
• 

o
-
-
.-

N
N

N
l'll"

I
 

•
~

 
W

'\ 
~
 

~
 

C
 

•
•
-
-

i 
' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
o

o
o

o
o

~
o

o
o

o
~

o
o

o
o

o
o

o
A

o
o

o
o

Q
O

O
O

O
o

-
-
-
-
-
-
-

,. 
~
8
~
8
~
8
~
8
~
8
~
8
~
8
~
8
~
8
~
8
~
8
~
8
~
3
~
8
~
8
~
8
~
8
~
8
~
 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
-

0
0

0
-
-
N

N
..,..,•

~
~

~
~

~
~

~
~

-
~

~
o

o
-

...... ~
,.,..,~

~
"
'~

,o
,o

~
~

 
jt. 

. 
----------------I 

--
s11s:xs:xs11s11111s•s11s:xs:xs,s•s11s11s~s•s:xs:xs 

;Ji tiiiitii~
~

iilt§§iiiiiiiiftii~
~

iii~
~

ig 
, •. 

w
 

• 
- -

I 



~ 
~ 
~ 
~ MB I ·----~-----------It-___ ......., ______ -,-~ 
0 
~ BONEY Jrl ALLS DAkf 

Ungated Spi.ll'tLJay Rati·ng Curve 
30 ~--------': ________ _ 

20 ....................................................................... · ........ ...... ....... .. ................. . ............. - ..................... .. 

! 
I 15 E .................... · ...... _ ..................................................... _ .......... _ ............. -. ..j 
' I 

1 0 ... -...... .................................................. .... ........ ........ . ............. .. 

905.58 907.58 9C9.58 911.58 913.58 91 S.58 900.58 908.58 £ 10.58 912.58 914.58 I 1'ESEF1VOIR HWEL L ______ _ 
------·---------

~ • 



19890515-0214 FERC PDF (Unofficial) 05/09/1989 

I 

= 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 

I 

-M~fCT: Lfrwlt.;i.1 Spillway 
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,F.UWOII ·--- --· ... , Nia.I, .. . ., .. W<o Cd 
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