19890515-0214 FERC PDF (Unofficial) 05/093/1989

CREEN BAY g}

—-_“'-“-——_7 AR WE
B EE B BN

—.dL—./"_"-'

i FO0sSE0a Y

Escunaba, Michigan

H'

‘HW *lw

L 141- —--ii.i-i" -

Boney Falls Dam
Spillway Expansion
(FERC No. 2508)

SUPPORTING
DESIGN REPORT

Aprll 1984
Harza Engineering Ccmpany




9890515-0214 FERC PDF (Unofficlal) 05/09/1989pe"

p e

L B
. S

- o

b K2 -9 ™12 083
Froonttpny
SUPFORTING DEBIGM REPORT RESUL ALY LaMitihaiuN

BONEY FALLS DAN SPILLWAY EXPANAIONM
_ Escanaba River
.Escanaba, Michigan

for

MEAD CORPORATION
PURLISKINZ PAPER DIVISION
Escanaba, Michigan

1
i

e GR G5 B U o S on Iy o s B

April 1989

Prepared by - hab 1 Mg =

HARZA ENGINEERING COMPANY ) g
150 South Wacker Drive .. _‘ﬁ*"' eAcs, 11, .~
Chicago, IL 60606 e -7

- e SR e e
-
Dia
~

=y
[w
-~
-
-
il
<
\\
'

|




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

TABLE OF CONTENTS

I}:TRODUWION LECEE BN B L I B R B B N O I B R R R A R R R R R R N N A NN

' General

Project Location

Description of EBxisting Pacilities
Historic Pailure

icai veol

! Foundation Condition

General

Geophysical Investigation
Geotechnical Investigaticn
FERC Part 12 Report

General
Floods of acord
Existiﬂg Spillway CapnCLty

g B
rn.uunu;u nuaa.l.nu.l l' uUu

Inflow Design Flood
‘ Spiliway Expansion Plan

Ganeral

Access Roads

Cofferdans/Diversion of Water
East Embankment RCC Spillway

Easi Embankmeni Crest Raisinyg
Yest Embankment Core Wall Raising
West Embankment Crest Raising
Ungated Spillway Walkway

<™

EXHIBITS

APPENDICES

Supporting Design Report
May 1, 1989

b mb wes &8 Wy W I e

FIELD IWESTIGATIONS LEL R L L B B O DK N N B RN NN N BN N RO RN R R R R R N R

! HYDM‘U‘LIC DESIG" LA L B A L O O L B B I B KRR B RN NN N RN NN BN R NN BN N RN NN EN RN ]

CIVILDESIGN L L N R I B N B N B R NN BN R RE R RN NN BN R RN N R RN R RN )

RBmecEs £ 89 S AR ESES LA E RS EAS PSSP A FS Y S E SR EPI RS




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

LYIBYT OF EBIHIPITH

Rumber Reserlption

i. Project Location Map

2. General Design No. 4 (Boney Falls) Dam
3. Weot Embankment Dam - Plan and Section
4, West Enbankment Dam - Stepped Core Wall
5. Hon-Overflow Gravity Dam Section

6. Powerhouse Plan and Section

ia rFrioil wvL buuexuuuuu ANELANS

B. g Cluice and Mud cate Section

9. Gated Spillway Layout

10. Uncontrolled Spillway Layout

1. Uncontrolled spillway East Training wall
i2. East Embankment Dam Layout

LIBT OF APPENDICES
.Tabh Deseription

A. Geophysical Invastigation Program - Summary and
Conclusions

B. Geotechnical Investigation Program - Summary and
Conclusions

FERC Third Part 12 Inspection and Safety Report = Summary
and Conclusions

D. Project Hydraulic bata

E. RCC Spillway Section Stability Analyses

F. RCC Spillway vesign

Supporting Design Report
May 1, 1989

4.+ .-} -~ .
D NN WE YR WS B Gl W @ G 0 P o @8 o mm 6




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

D N TS N EE BN O 2 un on o u B aGr G o W O W

"
|
|
]

INTRODUCTION

Genexal

This General Design Report summarizes Gthe procedures,
criteria, and results of anulyses used for the design of the Boney
fFalls Dam Rehabilitation Projecst. The project has becn extensively
studied by Harza Englineering Company since 1987. The spillway was
ciied for apparent spiliway capacity inadequacy in the 1986, Sscond
FERC Part 12 Independent Ponsultant's Safety Report (by othors).

Fipes tlint Llme Harsa ias boeos vetslnes {o u-v-aﬂ.} @ateLilALives 10T

spillway capacity expansion [1]), evaluate underseepage [2),
cvaluatec the gtabllity of ths feft esbankmsat [2], svaluatce
reservoir performance after a scheduled maintenance drawdown [4],
develop rationale for new project inflow design flood (3,8},
avaluatn &ha ostakility of tha right carth embankment and tuwe
intogrity of tha limestona foundation {7}, and prepara the 1589
Third FERC Part 12 Inspection {8,$}. An oxtensive rehabilitation
program has been develored as a result of these studies. Planned
activities include: (i) raising the wes! embankwent dam, {z)
raising the concrete core walil in the west darm t0o above waximum IDF
pool level, (3) construction of a new roller compacted concrete
overflow spillway through a portion of the left earth dam, and (4)
construction of a new walkway acroes the ccest of the existing
uncontrolled overflow spillway. This report contains a general
description of the project, and detailed discussions of the design
of the proposed new works,

1a%s -~

Broject Location

Boney Falls Dam ls the largest of four dams owned by Mead
Faper on the Esuanaba River near Escanaba, Michigan as shown on
Exhibit 1. The project is located in the upper peninsula of the
state of Michigan in Delta County, Secticn 2, T41R, R25W. The dam
was constructed 1in 19220-1921 over rapids known locally as Boney
Falls about 22 miles from the mouth of the Esczipnrba River at Lake

Michigan. The other +three Mead Paper dams on the river are
downstream of the Boney Falls Dan.

Deszription of Existing Facjilities

The general layout of the project ir: shown on Exhinit 2,
Aerial photographs of the project =ite are attached (Photogzaphs
Nos. 1 and 2). Beginning on the weat (right looking downstrean)

:-nnom ws hluv aavwidy wiid uwmrunlﬁla!-n u‘. \.nlle pLUJBbb .I.uu.l.uue il wWELSL
earth embankment dam, non-overflow concrete dam, powerhouse, loy
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sluice and filshway, six tainter gate spilllway bays, uncontrolled
overflow spillway, 2nd east earth embankment dam. All structures
are founded on limestone.

The regervolr norwal pool level is El. 906.53 (El. 98
local datum). At normal pool the dam impounds 1,700 acre=-feet of
water. Normal pool reservoir surface arca is abcut 170 acrea with
an average depth of 10 feet.

West Esbankment Dam, The wesat embankment dam iz approximately
1,500 feet long. The earth dam is a low structure which extends
peaznsldal Lo the river Do thie margln of (he seservil: 2z o Spawebosrdsd
dike for most of its length as shown on Exhibit 3  The highest
portion of the structure abhute the non~zv2rfinw aravity dam section
and extends perpandicular to the river about 880 feet. This
gection has a maximum height of about 30 feet. The dam contains
& concrete corswall to contral essnaga. Tha corewall steps down
with distance from the non-overflow gravity dam. The design
elevation of the corewall at the non-overflow gravity dam is El.
908.08. The wall steps down 5> feet for every S50 feet laterally to
a minimum elevation of El. 893.58 as shown on Exhibit 4.

The westerly half of the west embankment dam railed in 1930
and was subsequently reconstructed. The details of this failure
are presented in the YID¥ Addendum Repcort [6]- The reconstructed
portion has a huried pipe drain at the toa for collection of
seepage flows. This pipe discharges through a Parshall Flume and
into Barney's Creek downstream of the dam. The easterly half of
the went embankment dam ing a stone masonry linad Aiesh a¢ €he oo
for collecting seepage. This ditch drains directly into the river
dewnstream oi the powerhousc.

The west embankment crest width is approximately 15 feet. The
upstream slope of the embankment dar is approximately z horizontai
to 1 vertical; the downstream slope is approximateiy 3 horizontal
te 1 wvertical. <The high portion of the dam has approxizmately &
feet ©of freedoard above normal pool. The low dike portion has
approximately 3 feet of freeboard above 1 xmal pool. The upstrean
slopes are protected from erosiocn by riprap and vegetation. The
downstrean slope is covered with field grass.

Non-Overflow Gravitiy Dam. The non-overflow mass concrete gravity
dam is approximately 23 feet long and 40 feet high with the crest
at El. 912.58. The structure transitions towards the waest
aembankment dam from a mass concrete non-overflow structure with no
downstream f£ill to a slender concrete corewall with £fill on bo:h
the‘ppstreﬂn and downstream sidep as shown on Exhibit 5. There are

b ooy L] LT _ ..t = -
At il e i WA LIS WEHIGE Y LiIlAT O WAl
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Thne powerhouse is of integral intake desaign as shown
on Exhibit 6. Dual intake= rfor cach unit are provided as shown oun
Exhibit 7. Individual gates are provided for each unit.
Trashrackse are provided. The hrick and coancrete powerhouse
superstructure is approximately 70 feet long and 70 feet wide. 1It
contains an operator's office, controls, and three turbine
gernerator unite with a total capacity of 4,400 kW (2 at 1,700 kW
and 1 at 1,000 kW). The powerhouse substructure is mass concrcte
with a formed scroll case =and draft tube. Ths talilrace is
excavated in bedrock. There are no exposed steel penstocks.
Foundation drains are provided.

Log Sluice and Pishway. A log sluice and fishway are integral wiih
the wall axtending downstream on the left side of the powerhouse
as shown on Exhibit 8. This structure allows logs to be passed
through the dam, though the fishladder is non-functionial. In 1988
the fishiadder anc leog sluice retaining walls were rsacved and the
remaining structure was capped with concrete. The wall that
remains is approximately 7 feet wide by 75 feet long and 11 feet
high at the low downstream end.

Mud Gateg, This structwre also contains two lou-lavel mud gates,
each S feet by 5 feet in avea. Theoe gates ars operaticnal. The
gates are steel plates with the sill at El1. €70.08 on the upstream
side. One gate is fitted with a motor for gate cperation; the
other gate is fitted so that it may be operate2 with an electric
hand drill. Both gates have backup hand cranks available.

Gated Spillway. The gated spillway section has six bays with steel
tainter gates, concrete plers, concrete framed operator's bridge
with etan? rn-a"tnn AnrYy and mace rancrata qh‘l'l'lw.v aa echrwn nAn
Exhibit 9. Each bay has a gate 20 feet wide and 12.5 feet hiqh.
The operator's deck is at El. 91:14.58. The mass concrete spillwvay
has a base width of approximately 52 feet. Height from bedrack to
the gate ajll at El. 893.58 is approximately 33.5 feet. The
overall height from the foundation to the operator's deck is about
54.5 feet. The downstream face of the spillway has an ogee shape.
Discharye capacity of the gated spillwvay is 28,200 cfs with water
at the crest of the east embankment dam (El. %09.08). There is a
compressor on the operating deck that supplies the bubbler systew
which e2xtends along the upstream side cf all concrete structures.
A single traveling electric chain hoist on rails is vrovided for
tainter gate operation. The gates can alsc be raised manually if
needed.

The uncontrolled overflow spillwvay

is a concrete gravity structure with flashboards as shown in
Twhikhid 31 Wn neneyr oF Yhie nn!'l'l A i v+ B3 ang £& with 1 Font

high flashboards. The f.iliway i approximately'zoo feet long and
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has a maximum hejght of ahout 40 feet. The east end of the
spillway terminates at a concirete training wall abutment adjacent
to the east embankment dam as shown on Exhibit 11. The west end
of tha spillway terminates at the tainter gaved spillway structure.
Dischavge capacity of the uncontrolled spillway is 5,200 cfs with
water at the crest of the east embankment dam (El. 909.08). No
pedestrian access bridge over the spillway is provided.

Exst Dubagkment Dam. The east embankmert dam ic =pproximately
2,100 feet long. The earth dam is mostly a low structure extending
parallel to the river upstream as a freaboard dike for most of its
iangth &8 shown on Sxhibit iz, Tue Diglivet porition of the
structure abuts the uncontrolled overflow splllway saction and
avtende parpendicular tc ths tiver about 40 feet. 'This section
has a maximum height of about 25 feet. The dan containa a concrete
corewall to control seepaca. The rcoraewall steps down with distance
away from the ove:rflow spillvay training wall. The design
elevation of the corewall at the training wall is El. 908,08. The
wall steps down S feet for every 50 feet laterall;y to a minimum
elevation of El. 833.58 as shown on Exhibit 12. A filtered pipe
érain ic provided for seepage coliliection and measurement from about
station 0+00L to 2+417L.

Tiie east embankment crest width is appruximately 10 feet. The
upstreamr slop= of the embankment dam is approximately 2 horizontail
to 1 vertical; the downstream slope is approximateiy 3 borizontal
to 1 vertical. The crest is at about the same elevation for the
entire length of the embankment, El. 909.08, which gives about 3
feet of freeboard abuvr mnarmal pnot. Tha upstrear slaner arva
protected from erosion by riprap and vegetation. The downstream

b ] P T L R ‘e — o
SATPL Al SOVErEa witlh faciu yiaso.

Historic Pallure

On 25 June 1930, a portion of the west embankment dam fajiled
washing away approximately 400 feet of the dam at its extreme
western end from about station 4+00R to B+00R. The tfajilure
occurred at about 2:30 a.m. after several days of heavy rains.
Historical irformatjon collected or. the failure was presented in
the IDF Addendum No. 1 Report (6] ° .-h used the historical failure
to calibrate the DAR °° model. It was concluded by the
investigating engineer _hat the failure was caused primarily
because the corewall stopped abruptly at this point instead of
being extended until the rock rises above El. 893.58.

The top of the corewall in the area of failure was about 15

T asaal T T wera  wany e} o | o by e
S
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corewiil wvac raise. to about Bl. 909 in the section that failed,
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Based on field investigations, it seems that the corewall in that
section of the dike which did not waghout was not raised. This
area of the embankment with a low corawall is also the area where
a wet spot hae bheen noticed or the downstraam face of the dam.

Local Geology

Overburden at the site is a glacial ¢il) which gyenerally
congists of sendy silt (ML) to silty-sand (SM) material. These
materials are slightly plastic and conta:l.n a traca uount ot
gravel., Overburden thilckiess rangss fica akoul Lwo fwsl adjavesi
to the river to a maximum of about 15 feet thick on the upland
areus beneain portions of the low earth embankment dams.

The prazondt Ezsoansba Rivar channal is incised about -2 faat
intoc the flat lying bedrock surface found in the area as shown in
FPhotographs 14 and 15. Bedding at the site is sub-horizontal,
dipping very gently to the southeast. Three near-vertical joint
sets have beaen ‘dentified with eorientations of 340 deg., 085 deg.
and, to & lesser extent, 015 deg.

The dam was constructed at the waterfalls formed by the
headward erosion that caused the formation of the downstream
incised channel. Bedrock at the dam consists primarily of a light
to medium gray limestone with very thin dark gray shale interbeds
and/or partings, Locally Ledrock is slightly to =moderately
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 diaweter were encountered in recently

mozoletad hrwiaon
\—-—Jﬂ-rt—-—.--_ n———.-..,_-

Sclution enlargad jolnts are vislible on the easterr rRide of
the reservoir bottom during periods of low reservoir pool. These
features wvere also observed in an inspection trench constructed in
1987 at the toc of the east embankment dam. Numerous joints
exposed in the reservoir bottom have been enlarged up to 10 inchsc
in width. Solution enlarged fractures up to 4 inches in width have
beei olserved duvuwnstream of the east embankment dam. Some of thease
joints are clay filled.

Ecundaticn Cendition

The limestone foundation of Boney Falls Dam is susceptible to
solutioning arid development: of karstic features as described adove,
Saveral sinkholes have been located in the reservoir nsar the far

- T - - .
b t - rapa - —— -ﬁQM Pl g be— o = LW I o N e -
-"'ﬁ': hir 1 ""”' TLoeT Tam il mmm R e ] Rt o e 3 ptad ’\.rur\-‘ -t i

evaluat.ions have concluded that water from the reservoir travels
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from the sirnkholes in the reservoilr through slightly enlarged
solution cavities in the dam foundation to areas downstream of the
dam. There ara about 9 major springs located approximately 2000
feet downstrean cf the east embankment dam, Seepage from these
springs is monitored on a regular basis by Mead Paper. FPFlows vary
with reservoir head. There is no flow wvhen reservoir pool levels
fall below about El. 897. Total seepage at normal pool reservoir
level is about 5,000 gpm. Flows are clear.

The springs downstream of the east cmbankment dam were first
reported to the FERC in 1985. .here i1 nc mention of the serings
in prior Part 12 Reports, but there is evidence from neighboring
propecty vwnerw Lhiabt LLe gprings have baan flowing for ==any yea-s,
Reaarvoir leval has been held at least 3 feet Lalow historic normal
pool since 1987.
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FIBLD INVESTIGATIONS

Gener al

A series of rield investigations have been undertaken by Harza
since 1987 that forms the basis for a large portion of the planned
rehabilitation work. Thesa =4:31liC Giv Guaaaalasd DoluW.

Gecphysica) Investigation

A geophysical foundation investigation was conducted in 1$87.
Results were presented in a report by Weston Geophysical Inc.,
subritted to the FERC in Qc.ohay 1987 [21. The purpose of the
investigation vas to determine the integrity of the embankments and
foundation in view of major underseepage discovered in 1987. A
summary of results and conclusions from the Geopnysical.
Investigations Report are attached as Appondix A,

Geotechnical Investigation

A geotechnical exploratory drilling program was conducted in
1988, The purpose of the program was to sanple embankment and
foundation materials, confirm the presence of features noted in the
1987 geophysical program, determine in-situ uplift pressures under
projaci. structures, determine corea wall presence and location
within the aembankment dams, evaiuvate phreatic conditions in the
enbankment dams, and develop shear strength parameters for use in
stability analyses.

The description of the Geotechnical Investigations Program and
results ares presented in Harza's Geotechnical Investigations Report
{?7}. A summary of results and conclusions from the Geotechnical
Peport are attached as Appendix B.

FERC Part 12 Safety Inspectjon.

The Third FERC Part 12 S-Year Inspection and Safety Report was
prepared by Harza Engineeriny <Company (Mr. David R. Balier,
Independent cConsultant). The Part 12 Report [8) and Stability
Ahalysls Supplement [9] were submitted to the FERC in January,
198%. A summary of Mr. Baler's inspection and recommendations are
attached as Appendix C.

te ml MD SN NN Wi UE N BR 4w g» an k. EM
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HYDRAULIC DESIGN
General
This section describes the hydraulic design criteria and

ccmpu.utiv“_ used ¢o doscign the propoced now spilleay. a1}

ElppOL Liluy hiydraulisc Gesiyn raiting curves for exisiting aui proposed
conditions are attached in Appendix D.

Floods of Record

The drainage area at Boney Fulls Dam is 770 sg. miles. The
peak discharge of record is 10,700 cfs on 22 April 198S5. Accordinn
to the 1986 Part 12 Report, the 100-year flood peak discharge is
about 13,000 cfc.

The rating curves for the project gated and ungated cpillways
are at’ached in Appendix D of this report. Prior to rehabilitation,
the maximum discharge capacity with the reservoir pool at the crest
of the earth embankment dam (El. 909.08) is about 33,000 cfs.

Probable Maximum Flood

An estirate of the Probable Maximum Flood (PMF) was presented
in the 1986 Part 12 Report. The conventinnal hvdvramatranvalosica)
approach, using probable maximmwm precipitation (PMF) data from the
National Weather Service Hydrometeorlogical Report (HMR) No. 51,
was used. Peak PMF discharge was sstimatasd at 147,000 cfs.

Inflow Design Floecd

Flood surcharge storagz in the reserveir is negligibla
conmpared to the PMF volume, There is little reservoir peak
attenuation during major floods. The PMF peak is several times
greacer tiian the capacity of the existing spiliway. If the FNF
were to occur, the project's earth embankments would bhe ocvertopped
and would likely fail and release water ifrom storage in the
reservolr. If the embankments were to survive overtopping, maxizmum
reservcir vtage would overtop the existing eact ambankaent dam by
about 6 feet.
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A detalled 1DF study was undertaken by Harza in 1988. The
work was based on earlier studies in support of the 1986 Part 12
Report. New Harza astudies were prepared using the 1584 version of
the DAHBRK computer program, The moedal vae ealibrated ucing
obzaervations from the 1930 failure of the wasl wankment damnm,
River cross secriocas and first fleoor elavationa of aevaral
downetraam atru~turrn wnre aunrvored anarificrall- for uae in the IDF
astudy.

On the basis of the studies presented in Harza's 1988 studies,
the appropriate IDF for the Baney Falls Project is 100,000 ofs,
This IDF has been accepted by tn2 FERC in a laiter dated March 15,
i369.

Spillway Expangion Plan

A variety of spillway capacity exparsion alteruztives have
been studled by Harza for the Roney FPalle Project [1]l. The dosign
scheme adopted calls for the construction of a Roller Compacted
Concrate (RCC) smorgency ovorflow spllliway i piace of tne exisring
east embankment dam. The following proiect modifications are
planned so that the project can safely accoxmodate the IDFP., IDP
maximum pool will be at El. 912.58. Several lengths of existing
enbankment will be raised to prevent overtcpping during th IDP.

East Esbankment Dam, An unccntrolled, broad-crest RCC naplllway
will be constructed from statior 0+00L to 5+0¢L. The crest of the
spillway will be 10 feet wide at El., 905.58. The upstream face of
the RCC will be vertical using the existing embankwment core wald
as a form. The downatream Slope will be 6.SH:1V and will be rormed
in a stair-step appearance to provide for energy dissipation of
overflow.

The RCC will be placed using the existing concrete care wall
as the upstream form. The core wall is also expected to perform
as the impervious bDarrier to protect against =sgespagae through
horizontal RCC lift joints. The existing core wall will be lowered
and raised where needed to a constant elevation of 905.58. The
core wall will also he extended from about station 3+50L to 5+00L.

XA emall sarthfill fusz plug will be piaced on the crest of
the new ROC structurs o B1 000 K2 and on ths Jdownstrsam siope ol

the RCC spillway so that the spillway will only operate during
severe floods. The earthfill will also protect the RCC matarial
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from weatherino; including freeze-thaw damacge. Five =mpliot
channels” will be provided in the fuse plug to initiate erzsion
when required. The channel will be 6-inches lower than the
earthfill ecreat. Each channel will be 10 feet wide, spaced every
100-feer starting at station 0+50L. Pea gravel nesr the downstreanm
face will increasa the time for erosion during ovartopping.

A gravel chimney drain will be placed againat the downstreanm
slope ¢f the RCC. This drain is needed for c¢ollection of any
seepage along the crest since the RCC will be about one foot lower
than normal pnal lavael. Thias drain will alea collect seepage, if
any, from the horizontal RCC lift jointa.

The portion of the evicting cast gahankment fros station S2:00L
to 16+65L will be raised to a uniform olevation of 911.08, This

is needed to assure that the RCC spillway portion of the east
enbankméent is overtopped first,

The portion of the ewisting aasct emhankmont hayond skation
16465 will not be wmodified since this smsection of the east
eabankment 1s less than 4-feat high and is heavily forzeteod. The
secticn will be overtopped by about 3.5 feet during the IDF.

An area downstrear of the east exbankment from station 0+00L
to 164655 will be cleared and grubbed of large trees and shrubs to
channel overtopping flow back to the Escanaba River.

Yest Embapkment Dam Cors Wall, As previously reported by Harza
[6,7,8], there is a portion of tha west embankment where the
existlng corea wall is significantly Lalow normal pcol lavel. The
west enbankment ccre wall will be raised to the peak IDF reservoir

level, El. 912.58, from the gravity dam section, station 2+00R, to
about mtation R+NOR,

West Euxbankwent Crest.. The crest of the west embankment dams will
be raised to a uriform elevation of 4¥i3.58. This raising will
prevent overtopping, with one foot of freeboard, during the IDF.
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CIVIL DEGIGN

General

civil/structural design criteria for the proposed new works
are described in this section.

Accepg Rcads

There is an existing service road that provides access to all
proposed construction areas of the west embankment dam. It will
be nass=inle for the vrahahilitation contractor to get egulpment onto
the west dam crest with minimal effort.

There is no developed access voad on the east pank of tTha
river. There ia, however, an unimproved service road to the wosat
epbankpent dam that passes through ths lands of an sdizcent farmer.
Mead Paper is currently negotiating with the farmer for access
vights during construction of the proposed new spillway.

Mead will construct a new access road on it's proparty along
with clearing of trees downstream of the east smbankment dam. The
area of clearing is shown on the civil design drawings 1979L-C8.

Cofferdams/Diversion of wWaier

VA naffarAdamas wil) ha needed at any time during construction.
Mead has received a permit from the Michigan State DNR to lower the
reservoir to tha crest of the gated spillway, El. 853.58. This
will be sufficient to dewater the necessary construction areas.

East Fmbankment RCC Spillway

The following hydraulic conditions were used as design
criteria for the new RCC spiliway.

Crast Dlaevaticon: anL .58

Crest Lengin: 550.00 £t (Sta. 0%8CL to S1COL)
viscnharge Coeiiicient: 2.87 (Broad-Cresied Weid)
Crest of Earthfill Cover: 909.58

Invert of Pilot Channel: 909,408

Lowest Base Elevation: 8R0.00%

Highest Section: 25.58 ft

Supporting Design Report
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Normal Headwater Elevation: v06.58
Normal Tailwater Elevatien: 857.58
IDF Headwater Blevation: 912.58
IDF Tailwater Elevation: 894 .58

Discharge rating curves for the project structures (including
the RCC spillwayl and & tailwatar Tating cuive are attached &s
Appendix D to this report.

Stability analyses of the maximum RCC spillway section are
attached as Appendix E toc this report. The new spillway astructure
was propersioned Iin acgordance with FERC criteria, The stahiiiey

of all other project structures was presented to the FERC in the
supnlemant to the 1989 Part 12 Report.

The design computations to determine the length of the new RCC
spililway are attached as Appendix F.

East Embankment Crest Raising

The east enbankment dam from the end of the RCC spillway
section, scaiion 3v0¢ tu astaiiuvn 16465 o iming iadeed Lo El.
911.08 to prevent overtopping until the earthfill over the RCC
spillway is washed out. It is anticipated that this raising will
be made utilizing spoil material removed from the RCC spillwvay
excavation.

The sast embankrent beyond station 16465 will not be raised
gince this portion of the dAike is only a few feet high, and has
nany treas both upsliream and downstream.

It is assumed that a falilure (washout) of any portion of the
east embankment dam not replaced by the RCC spillway section, would
rerult in very little increased flooding downstream since these
portione of the dike are very low.

we - . A e ma s s

The west embankment core wall will be raised to a unitorm
elevation of 912.58 from the non-overflow gravity dam to the end
of the existing core wall (about station 8+00). Elevation 912.58
is the peak reservoir level during the IDF flood. The new coie
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wall will be constructed of reinforced concrete with a top width
of z feet. The new wall will be dowelled into the existing core
wall. Purther details or this constructiorn. are shown on Civil
Design Drawlng No. 1979L-C3,

Mest Embankment Crest Raising
The crest of the wvest embanksment dam will be raised to a

unifora cracst alcvation of 012 82 Thie will nrovida ona-font of
freeboard during the IDP flocd assuning no failure of those
portions of¢ ths eazt that dam will not be raised. Frurther detailz
of this construction are shown on Civil Design Drawing No. 1979L-

c2.
Ungated Spillwvay Walkway

A new walkway will be constructed over the ungated spiliwvay
to provide for pedestrian traffic to the sast swbankment dam. The
walkiay will be 2-—feet wide supported by f-inch diamater metal pipe
anchored into the spiliway crest concrete. The structure will be
fabricated from A36 structural steel; desiogned for a live load of
50 psf. The top of the grating will be at El. 914.58. Further
details of this conastruction are shown on Civil lesign Drawing
1979L-Cae.

Suppuriting Design Report
May 1, 1989
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APPENRTIX A
Goophysical Investigations Report-
Susnary and Conclusions
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I '-—"AEZA ENGINFERIMNG COMPANY  CONSLLTING ENGIHEERS

october 7, 1987

Mead Corporation
Publishing PTapcr Division
P.0. Box 757

Escanaba, MI 49829

L 1]

Attention: Mr, Wayne LaPave
Superintendent of Guiside Facilities

T

Subject: Report of Geophyzical Survey Regw' s

Boney Falls Eaa, TaRT Fiojrul 7 &5

Dear Mr. LaPave:

Harza is pleased to present the subject report of geophysical
anesLxgaL;ous A puney calis vam. uess luveauagnu;uuu -l
conducted in response to FERC's June 4, 1987 directive to
"determine the integrity of the embankments and the condition of
the limestone toundation under the embankments® by comducting a
geophysical survey of the dam and foundation. A discussion of
the key survey findings and conclusions, along with Harza's rce-
commendations for Mead's follow-up activities, follows.

Conclusions

Based on ground penetrating radar (GPR} and seismic refraction
survey data, there is no avidence of any voids or slumping in
the dam embankment. The empankment central concrete core wall
shown on design drawings and construction photographs was
detected in the right embankment, but not in the left. Thare
may, however be a core wall in the left embanxment cnat couwiad
not be detected. From data on the right embankment, the core
wall top is well below the dam crest and could be a very short
structure in the left embankrent where the dam is low. This
would make the core wall difficult to detect.

Foundalion conditions bkeneath the embankments wer: evaluated
using seinsmic refraction. The survey data indicate that bedrock
is shallow, and that it is a high-velocity, competent rock.
Wotable exceptions are two areas of what appear to be either
fractured/weathered rock, or a deeper bedrcck surface than in
cther areas of the dam. One area was identified under the left
embankme .t 200 to 260 feelbl east of tie uigated overflow spillway
apction, and annther was ohserved under the right embankment 175
to 265 feet west of the powerhouse. The low-velocity area on

150 SOUTH WALKER DANVE CHICAGD. L LINOE BOGUE-4288
TEL(312)855.7000 CACLE WARZENG CHICAGD TELEX 25 35aC
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Mead Corpocation
October 7, 1987
Page 2

the left nbutment roughly ceoincides with a northeast-trendin
terrace that likelv formed the original river valley wall - wore
damsite.

Brbanknent and foundation seepage were assessed using electrical
vegietivity methods, supplemented by dye tracing and review of
piezometar and flow data, The reservoir level was between RL.
895.5 and El. BY8.4 during the survey., On ihe lell abulaent,
the majority of the seepage pasaes Lo the east beneath the low
portion of the embankment and then southward until it daylights
about one-guarteyr to one-naif mile duwanslceam of Ths dam at the
springs previously identified. The seepage patn appears to be
along two of the three primary joint sets, oriented 290" and

345° From the resistivity results, the seepage under the east
low embankment appears to be occurring at depth below the hed-
KOQn au(;agr, Withig Lile Lutie w@oada U)h ;uJCthg irten méialhalan

i the reservoir inr this area appeated in the spring 1600 feet
dnwnatream within four hours of injection. Although some
weathered rock was evident under the high portion of the left
embankment, only 3 low rate of seepage was de%ected through the
area. No large solution caverns were detected in the fourndation
rock.

Under the right embankment, it appears that tiw wajusily wi Lia
seepage enters the foundation at the western end of the main
embankmenc, near the crib cofferdam where the embankment turns
northward. Some of this seepage may travel eastward under the
main embankment, exitirg in the c¢ollector ditch at the down-
stream toe of the embankment. However, most of the seepage
appears to fiow souihward, where it is 1nterceptcd by the
collector ditch at the downstream toe oi Lhe Gaw. Lye 1njecu=d
into a depression near the crib cofferdam was observed in the
embankment toe ditch within 45 minutes of injection. No dye was
observed in the small creek just downastream of the damn,

In sumaary, it is Harza's ccaciusivn Chat, although the daz
embankments and foundation rock are structurally soeund, a signi-
ficant seepage problen exists at this dawm., Rowever, we do not
believe that the observed seepage conditions pose an immediate
threat to the safety of the dam.

Recommendations

Harza recommends that Meald adapt the following plaa to confirm
the results of the geophysical work, to determine the need for
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Mead Corporation
Ooctober 7, 1987
Page 3

remedial work, and to develop desidns and cost estizates for any
remedial work that might be reguired.

o Perform a limited embankment and foundatlon drilling
and testing proyraw at selacted locations to confirz
embankment fntegrity and foundation rock quality.
Three to four boreholes should probabiy be drilled in
eacih of the three seepayge areas identified by the
resistivity survey, with three to four add‘tiona?l
hotes in Lhe ar=a of weathered bedrockh [(Jdeptified by
selsmic aelliods uander a portive of Uhe 1elt embank-
nent, Holes should be drilled from the embankment
crest, Core and soil samples should be recovered from
all holes and piezometers should be inatalled. Bore-
hole water pressure testing should be included in the
prord ULia.

o Arrange to have an FBRC geolegist visit tho aite at
the i{nitiation of the drilling progranm.

o Authorize Rarza to jdentify anmd evaluate alternative
measures for treating the seapage problem,

We are confideni Lhat the Information galned €rem the geophys-
ical survey, suppleuentead by confitming fieid drilliing ce vc3d-
ing, will lead to the identification of an appropriate course of

action at Boney Frallis (am.

Very truly yours,

*

7 4 é?!é? C
(i fE Sa s

pDavid R. Baier, P.B., P.G.
Pcoject Manager

Attachiments: Geophysical Investigation Report,
October 1987
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APPENDILZ B
Geotechniocal Investigations Raport-
Bumaary and conclisioan

A comprehensive geotechnical exploration program was
undurtaken by Harza Engineering Company at Boney Falls Dan in 1988.

The follsowing isc ¢ summary of findings.
Gengial
. Fast-wast ambankment: sections are comprised of a relativealy

pervious dravelly silty sand (SH) with soma gravels and
cobbles and occasional boulders to 1.5 feet in diameter.

In-2itu overtmrden {8 a alncial ti11 Jgeponit conalsting

-1 FE T X Y Py B Z. 1T L R W Il - .
Pranaraly 2 oogrIvelly zZIXty zZand 12} wvhich 2 ovorlstio e

a sandy =ilt (ML) to silty clay layer about 7 feet thick an
the left abutment; total overburden thickness ranges from 6

to 15 feet.
Foe Taum atea o o Sl ’e dem wamemey dolnda?d addad 11 e £ B Lo |
L Diviide Wwes b G wdbacd wwd  wioe j'- “tann.‘. i e b et T bl eadm e

interbeds and partings; slightly weathered with locally very
thin zones of mocdarately weathered rock; occasional very thin
vuggy layer and occasional wugs locally; bDbeading is
subhorizontal.

» From the results of geophysical surveys, multiple seepage

paths within the rock foundation pass beneath the embankment
batween stations 7+50L to 10+450L and (primary) 1+75L Lo 2+75L
{secondary) and exit as springs in an area approrimataly 1000
Lo 2000 feet downstream of the dam as features referred to
lJocally as the North and South Creeks.

. The fuundation wunderseepage zones identified during the
geophysical saurveys are characterized by an unpar zona of
slightly to locally moderately weathered rock approximately
7 to 13 feet thick. Within thioc zone thin wvuggy layers,
occasional vugs and solution enlarged fractures, and bedding
pPlanes were encountered. Beneath this zone tha rock (is
generally fresh, solid and of good quality.

) The undersecpayge zones are characterized by bigh rock wmass
permeability indicative of open conditjons; permeability
ranges from about 40 to 220 lugeons.
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East Embankment - Concrete Core Wall

Tha core wall was sncountered in a trench bansath the canter
of the embankment at Station 0+36L at Bl. 907.3, within 0.8
feet of the original design elevation; no attempt was made to
verlfy the extent of the wall to the east.

East Embankmpent - Instrumentation

L 1]

Piezometers installed along the primary undersespage path
indicate 4that 1regponses &So rasarveiyr fluctuations are

nagliuible below El. B96.6.

Seepage flows in North and South Creeks are also negligible
below reservoir El. 897.0.

Roande o d oy Al e e ey vy S o el £ ®Wa wao n .ae IR JPRPI ]
M it AL WAt v Al Mk b Al uiis WA et AAE  WALD s b Y WA AR AbsTAA

area at the dovnstream toe of the dam in BH-2 (Sta. 1+25L) and
BH-W38 (Sta. 2+425L) with the resz:voir at El. 903; pore
pressures resulted in piezowmetric heads up to 0.7 ieet above

the reund ounmfana
che oveounnT ouTozl

East Embankment -~ Seepage Evalustion

Based on the length of the primary seepage path (min. 1150
feat), the low hydiraulic gradient (i=0.808S5) and the fact that
seepage is wostly through the rock foundation, these
conditions do not appear to present a hazard to the safaty of
the dem at this time; no remedilal work for long-ters safety
is anticipated if the high portion of the embankment is
replaced by a hew gravity structure for added spillway
capacity as presently planned. Replacement of the dam with
a gravity structure on rock would eliminaie the significance
of potential piping of embankment f£ill into the foundation.

Seepage along the secondary path exits the rock foundation as
seeps beneath the poorly drained, crgenic-rich material at the
downatrean toe of the dam

-

An ingtrumantatinsn manitoring program ie nronacsed ¢o datarmine
long term pressure and flow chavacteristics.

Weat Embanxmpent - Geologic Conditions

From geophysical resictivity surveys. saepage passes beneath
the embankment between staticas 7+10R to 7+60R and through the
embsnkment kbetween stations 2+35R and 3+75KR.

The underseepage zones are characterized by an upper zone of
high rock mass permeability about 7 to 13 feet thick
{permeability ranges from 70 to 150 lugeons}, and a lower zZone
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of moderate permeability (generally 10-40 lugeons).

Yest Embankment - Concrete Core Wall
. The core wall exists within the east-west embankment ssction

beneath the downstream side of embhankment; the core wall
height at stations 1423R to 1440R and S+40R are within 0.8
feet of design height, El. 907.9 and El. 908.9 reapectively.

. The core wall top is at El. 993.5+, 12.5 feet balow normal
ron}, hatwean ahout atarions 2440R €0 S+40R (and > 2 foit
between stations 1+50R to 2+440R). Thim allowr seopage to
migrate downstream over the core wall intc the pervicus

eabankment fill.

Wact Tahoaatrw-~nd o Twﬁ;-a-n-n-nl'--‘-la-

® Relatively high embankment pore pressures are indicated in
plezometers BH-W3 and W5 in the area of the dam crest with the
low core wall, BH-WE upstream of the core wall and B¥-w21, in
Chi ASURCUTReST SiCpo. idwel plebbuias wele a8COocded i1n tue
crest pioezometer BH-W4, in the area of the low core wvall,
which may be a result of relief inte underlying bedrock
fcundation.

. Uplift pressuras within the rock foundation are less than
embankment pore pressures.

e e u

. TiG yeupnysical tests, the prir-ry seepage path passing
beneath the embankment occurs batween ctations 6485R and 7+35R
whick is characterized by high rock mass permeability and open
conditions.

. Underseepage along the primary seepage path appears to be
intarcepted by the buried collector ditch at the toe of the
dam. Raecent flowe ohaerved in "Barney’s Crecek?, ‘adwnsiIean
of the embankment are only in part a funciicn »f underseapags;
generally less than 40 gpm.

. A wet area in the downstream embankment slope exists between
stations 2+435R to 3+75R in the area with the low nore wall.
This zone is characterized by high embankment pore pressures
and a high gross hydraulic gradient (i=0.2).

RBorrcey Sourges for Proposed Embankment Rajeing

) A source of semi-imperviocus construction material) comprised
of medium dense silty sand (SM) material with a trace of

[ R R R T T T
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gravel and slightly plastic fines was studied for use in the
embankment raieing proposed as part of project sapillway
capacity axpansion.

e Cempaction tests indicate maxisum densities between 127-133
wcf at B8 percent optimum moisture content; natural moisture
conterit is 10~11 percent but sume moigsture loss ism anticipated
during handling.

concrete Structures - Geologic Conditions

. Core Arilling operaticnz encountered locally thin vudgy lavers
and scattsrsd vuge ln the gyated npiliwvay foundation.

T . Sy S - . B oman -
B Yadenl—al — et

'Y Uplift pressures beneath the non-overflow gravity structure
indicate piezometric levels approximataly 22 feet abhove top
of rock beneath the center of the dam with the reservoir at
Rl, %03,

. Relatively high uplift pressures exisr besneath the central
and sastern portions of the ungated spillway apron; artesian
conditions indicate piezometric levels up to 3.2 feet aktove
the apron for reservoir El. 903.

. Uplift pressures beneath the eastern end of the ungated
spillway are higher beneath the apron than the crest; this may
be a function of the dep*h of the plezcmetar in BH-W26.

sonvrete Jtructureg - Poundation Parameters

° From laboratory tests on samples recouvered during drilling,
rock foundation zhear strength parameters recommended for use
in the stability analyses are an angle of internal ftriction
of 23* and a cohesion factor of 0.5 MPa (70 psl).

N 6N W N Uk B 2 BN

[ =

i
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. A portion of the existing east embanXméenc will be removad down
to hedrock for construction of a new RCC overflow spillway at
the project.

. pental excavation of the weathered and golutioned rock will
l be required pa'::t.icu'.'.arly {n undersaepage areas. Ths

foundation ghould be hydraulically cleaned and all open
fractuxres slush gronted.

{—_—

. consolidation grouting will likely be required peneath the
ROC spillwayY ¢oundation in the undex seepage zones (Stat jon
ATv7SL LW 2175L; 7+25L to 30+50T) te locally strengthen the
foundation and to inci3sadl +%e depth of the ®88F23° na

beneath the Recc structure; folloving an inspaction ot the
wxponc? anillvay foundation more excenslive ~onwolidation
qroutinq may be required.




[
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APPENDIX C
PERC Third S—~Year Inspection and BSafety Rep.rt-
sumnary and Conalusions
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CHAPTER T
SUNHARY
A. _Report History and Content
&, Previcyes Danorts. This is the Five-Year Inspection and Safoty Roport

for the Boney Falls Project prepared persuant to Ordexr No. 122, Subpart D of
Part 12 of the Federal Energy Regulatory Commission (FERC) regulatisons,
Mead Corporation, Publisning Paper Division owns and operates the project
under FERC License No. 2506(4) granted ou 31 January 1978.

Previous Part 12 Reports were prepared in 1980 and 1985. The 1985 Report
was resuvmitced in 1%986¢. Both reports were prepared by BSarr Engineering,
Company, Minneapoliis, Minnesota. This is the first report prepared by Harza
Engineering Company, Chicago, JIllinois. By FERC letter dated 12 Decermher
1985, the FERC rejected the 1980 and 1985 Part 12 Reports, along with the
1982 Daa Break and Stabllity Analysis Supplement €o the 1980 Reporc. The
1985 Parc 12 Report was resubmitted in 1986 inceorporating modificacions
requested in FERC's 12 December 1985 letter.

By FERC letter dated 10 June 1988, the FERC rejected the 1986 Part 12 Report
and ordered tha: an addendum be submitted by 1 Cetsber 1988 to address a
series of specific concerns. By Mead Paper letter dated 14 September 198s.
a deadline gzxtension for submission of the required addendum to 1 December

1988 was requested. By FERC letter dated 16 September 1988 the extension

E N ay B . N o B B W) B

was granted,

By letter dated 1l November 1988, Mead Paper requestea that a new Part 12
Report be prepared and submitted in January 1989 in lieu of au addendum to

previcus Jojected renorts. Mead had undertaken extensive geologic and

. .

i
hydraulic studies of the project since the 1986 Paii 12 Reparr was sub-
witred. In view of the new informztion made available by these studies, ic

was felc that an all new Part 12 Keport was justified. By letter dated

23 Novamber 1985 the FERC approved the preparation of a new Part 12 Safety

ME:D PAPER
Bone.v Failis vam January 1989
FERC License Nuabar 2506(4) Page 5




9890515-0214 FERC PDF (Uncofficial) 05/09/1989

Inspeccion Report with the understanding cthat earlier FERC concerns ropgard.
ing the 1985 and 1986 submittals be specifically addressed. The pext Part

1% Reporr will be due in 199%.

Copies of the above pexrtinent correspondence, fncluding the FERC approval of

Hr. David R. Baier as the JIndependent Cousuliant, ave aitached os

2R Bl N Ba

Appendix A,

i
i
F

A_2_Resnonse to FERC Comments on  Previowns Reports. Tre FERL vruisen a
seyles of gpecific concerns rolavive to the 1985 and 19284 Pare 12 cubmirrals
in their 10 June 1988 letter to Mead Paper., These concerns included the
involvesent of the prior Independent Conzultant in the 1985 ano 1986 work,
the =tability analyses of project structuces, and corments on the dare

break/flood wave studles previously submitted.

A statement regarding the Iinvolvement of the prior Independent Consultant in
the preparation of the 1985 and 1986 Part 12 Reports iz at:tached as
Appendix B.

Stability of the concrete structures and sarrh sahankments have been com-
pletely re-anezlyzed since the 1985 and 1986 submictals. These new analyses

B BN 1S fmE

ares based on nevwly acquived infarmarfon from field investigations conducted

$1: 1987 and 1988 by Harza.

Dam break/flood wave analyses also have been revised by Harza since the 1985
and 1986 subamittals wusing a more current version of the DAMBRK model chan
was used for the carlier submittals. Specific FERUC comments c¢n the prior

analyses have been incorporated into the current analyses. Results of these

analyses have been presented to Head Paper and forwarded to the FERC in
Harza‘s Inflow Design Flood Report [B) {Note: References are attached to end
of this report ordered by date), and Inflow Design Flood Report AZdendum No,
1 [7) submitted to the FERC in April and October 1988 respectively

A.3 Scupe of Work, The scope of work for the preparation of this
Inspection and Saferty Report is attached as Appendix C.

MEAD PAPER
Boney Falls Dar January 1989
FERC License Number 2506(4) Page 6
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A.6 Tndependent Congultant's Resumwe. By letter dated 14 Septembher 1988,

Mead Paper requested that Harza‘s Hr. David R. Balier be approved as an
Independent Consultant for the Boney Falls Projece teo facilicate prepararion
of the adderndum by Harza. By FERC letter dated 26 September 1988 Hr. Baier
was approved as the Independent Consultant. This letter is included in
Appendix A. The resune of the Independent Consultant, Mr. David R. Baier is

attached as Appendix D.

B Fic i

A field inspection was performed on 11 HNovember 1988 by the Independent
Consultant with K-. Claytorn Carlson of Mead Papez. Sigrificant findings of

this inspection are:

1. The dam ic In good overall condition with significantly improved
appearsnce and condliticn due to zccent repair and maintenance  ace
tivities of the owner.

2. Tne west {right) embankment dam continues to show signs of a high
phreatic surface near rha Asvnceroas zas heeoran evatiopns 24500 and
3+90R (NOTE: Scation designations with "R* indicace west embanikment
dam stationing aloung righc-hand side of river: Station designations
with “L* indicate east embankment dam stationing along left-kand side
of river). ihe wetness in this area, however, is nct as upparent as
ic has been during past inspections. The reservoir water level has
heen kept at & minioum of about 3 feet below normal poo}l since 1987
per FERC orders {NOTE: Normal Pool level is El. 506.58 which is local
datum El1. 98.00+808.58 conversion to ft, msl). This is che likely
reason for the apparent reduction in wetness. Rew piezometers were
installed in this area in 1%87 and 1988. Seepage flows that are
presently collected In a buried pipe at the toe of the westerly half
of the embankment have been separated from flows collected in the
rock-lined ditch &t the toe of the easterly portion of the eabankment
closest to the powerhouse. The flows have been routed through a
Parshall Fluase into & creek downstream of the Dam. The ownar takes

periodic readings of seepage flows through the flume and of the total

MEAD PAPER
Boney Falls Dan January 1989
FERC License Number 2506(4) Page 7
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flow in ti:e creek dowmstream of the point wvhere the seepage has Dbeeu

diverted. As a result of this seepage flow re-routing there is now
very little seepage flowing into the river from the west bank of the
tailrace. Therc 1is now very litcle flow In the rock-lined ditch at
the east end of the dam. Provisions should be made for more accurate
measurement of flows in this ditch in the future. Consideration
should he piven to replacing the toe drains alonz the encire length of

the west embankment dam with a buried filtered plipe drain.

3. The non-overflow gravity dam appaars ta be scurd and fTee ol disiress,
A new retaining wail downstream of the section has been rebuilt
replacing old masonry blocks with a new concrete wall. This wall

support: fill on the downstream side of the non-overflow sectlon.

4, The powsrhouse appears to bs sound and free of discress., A1 thras
units are operational as verified by receni efficiency testing done [n
conjunction with relicensing activities, The leog sluice and fishway
adjacent to the powerhouse have been capped with concrere as part of
the gated spillway pier replacement program which has just been com-
pleted. The fish ladder and sluice &rs ne longer funmsrtiomal,

=

The gaied asplilway oppears ito Le scund aind $rse of distvess.

LW, |

Replacement of 2all plers is now complete with piers 1 and 3 being
repiaced in 1988. The spillway chute concrete appears sound. There

is no visible erosion damage of any significance.

6, The vngated spillway appears to bLe sound and free of distress. There
is some erosion of concrete material vnear the crest of the ogee which
should be repaired in the next five years.

7. The east enbankment dawm appears to be sound and free of distress. An

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

vebankaent i1in 1987 to investigate seepage phencmena. A filtered pipe
draln was jnstalled in the trench. An exit weir hac been provided for
measuring flows. A detailed report [4] of these activities was
prepared by Harza and transmitted to Mead Paper by letter dated

MEAD PAPER
Boney Falls Lam January 1989
FERC License Number 2506(4) Page B
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16 February 1985. [Recent iepalrs (o an oversieepended area of the
downstream face of the east eabankment dam and the effect of the
oversteepening on ewbanksent stability, oare 2lso descrited In the
February, 1988 report. The east eabankment dam is only accessible
from the powerhouse by foot across the toe of the ungsted spillvay or
by walking across the ogee crest. A pedestrian bridge should be
conetrurrad  slane rhe welr crect ro farilitate arcerss to rha pace dam

for inspection during perfoeds of high water.

8. Moior springs were discovered in the area about (000 feer downstrean
of the east embankment in 1986. There are two spring areas identified
as the 'Horth’ and ‘South’ Creeks which are monitored. Seepage flows

vary with reservoir head. Measured seepage nder normal pool condi-

!
tions s about 5,000 gpm. Thils is the combined dischearge from the two

I spring arces. While there (s evidence €frex neighboring property
owners that cthese springs had been in existence for many years (note
Phore ? which shows a waterfall of the north creek in 1978). 1985 was
the first time that these features have ever been reported to the
FFRC. There is no mention of these features in the prior Parc 12
reports, The owner has established an extengive cosnase maniraring
prograx relative to these springs. The seepage water is clear. The
FERC staff from both the Chicage and Washiogton D.C, rffices visited
tha site and inspected the springs in 1987 and 1988. A detailed
geophysical investigation program of the foundation and embaniuzents
was conducted in 1987 [3] to further evaluvate the significance of the
observed seepage. The embankments do not appear to have been damaged

| by seepage flows,

C. Stability Evaluarion

C.1 Copcrete Structures, Stability analyses presented as a supplement zo¢

this report indicate that all structures meet FERC's stabilley criteria up
te and in<luding the Probable Maximum Flood (FMF) loading corditions except

for cha powerhouse. Stabilixy analyses are based on the results of ex-
ploratory drilling, lab tecting, and field measurements taken during 1988 by

MEAD PAPER
Aoney Falle Dam _ Januvary 1989
FERC License Nuaber 2506(4) Page 9
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Harza, The powerhouse stabliity [factors agalnst sllding are Lelow FERC
guidelines for ¥crmal Ponl, Neormal Panl plus lce, and Normal Pool plus
Tarthquake 70.1g) 1leoading conditions. A cracked-base section develops for

varmal pool conditions. The struccture fafils to meer FERC stabilicy criccria

17 full  headwater uplifr develops in the cracked porelen: of the base as |
requlred by FERD appivved anaiyiival procedures {i]. Lhe Ioundation O |
Boney F#alls Dam Js karstic limertone. The sfentfiranaas af a crack ar rha 1
base wiih respect to pore water pressure dusiribution In the foundation is
questionable given the degree of drainage that is probably provided by the
joints in ...e foundation. Uplift under the powerhouse should be verified by
installation of piezometers within the next year. If high uplift is dis-
covered, post-tensioned anchors should  be installed for stability

improvement,

C.2 Embakment Dams, An extensive drilling and testing program was con-
ducted in the ombankments in 1988, The purpose of the program wasg ro

(i) verify foundation and embankment conditions revealed by geophysical
testing conducted in 1987, (ii) determine phreatic conditions fn the embank-
ments, (iiil) sawnle embankment and foundat.on materials, and (iv) determine

geomatry of the eabankment corewall. A portion of the corewall crest in the

vest embankment was found to be significantly belov mnormal pool level.
Stability analyses presented as a supplement to this report show that that
portion of the west embankment dam where the corewall is low (with a high
phreatie surface) does not mee:t FERC established stability criteria.
However, vhere the corewall fe high {uwith 2 lower gphrestic curfzce) the
stabilicy factors are acceptable. 1t is recommended that the corewall in
the wast aubankasat be raised to sbove the design flood level (El. 912.58).

A rew, filtered pipe drain should be installed at the toe of the west en-
bankment from station 5+00R to station 8+00R for improved seepage <control.
The design of the existing buried pipe toe drain aleng the westerly end of
the vast eabankment {5 not certain.

The stability of the east embankment dam was studied at the request of the
FERC in Deceaber 1987 when the existence of a hand-layad stone wall was
noticed during a field inspection. The results in Harza's report {&] showed

1
i
i

MEAL PAPER
Boney Falls Daam January 1989
FERC License Number 2506(4) Page 10
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that the presence cf the stone wall reduced the factor of safety. The wsall
was subsequently remc:d and additional material wvas placed on tha embank-
ment slope. The east ambankment dam is now meets FERC ctability criteria
for all ltoading conditions.

Zoner of preteisvd seepage under <che east exbankwent dam  identified by
geovhvsfcal 3] and drilling [8] studies do not require spe~ial treatment at
this tiwe, The cobankment in the two underseepage avreas idencified by the
geophysical survey in 1987 will be veplaced in 1989 with e Roller-Cowpacted-
Concrete {RCC) gravity spillway section as part of planned spillway capacity

expansion. The foundaticn in these areas should be grouted prior to con-

struction of the new structures as described in Harza's Georechnlcal kRepore

(8].

P, Spiliwvay Adeguacy

The exiscing spillway capacity is 33,000 cfs with water ac the dam crest
(El. 909.08). This is significantly less than the 147,000 cfs pesk PMF
inflow presented in prior Part 12 Reports. Dam br=ak/flood wave studies
presentea Jn Harza‘s Inflow Design Flood {IDF) Repuri }%,7} show that, based
on insigniffcant LIncremental damages downstream, an IDF pesak of ap-
proximately 100,000 cfz would be more appropriate for the 2oney Falls
Hydroelectric Project. Additional spillway capacity is required. Spillway
capacity expansion design drawings and specifications are currently under
preparation which include construcrion of an 20C Spillway to veplace por-

tions of the east embankment dam and ralsing the west embankmen: dsn to a

uniform height. it is expected thar thesc features will be constructed in
1989.

‘ MEAD PAPER

| Boney Fallsz Dam January 1989
FERC License Nunber 2506(4) Page 11
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E Qpcration and Maintenancg

Current owner operation and maintenance of the plant are adequate.

E. Mopnitoxing Data

Scepage measuresents are presented in this report. There has been nn  majar
change In observed flow quantities since the present monitoring program was
begun in 1986, There are no survey reference benchearks adjacent te the
prujecl sifuciutes Lo peimic periodic survey ol siiuciule elevalivius audfon
norizontal displacement. Mead Paper plans to establish of off-structure

benchmarks in the area auring spiilway eapousivi cvusiisceivn in 1707,

MEAD PAPER
Boney Falls Dam January 1989
FERC License Nuamber 2506(4) Page 12
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CHAPTER X
CONCLIOSTIONS
A, __Assegsee
The dam and appurtenant structures are in good condition. The owner has

just complated an extensive rvebuilding program. All the gate piers have
been replaced. Other recently completed work is desciibed in Chapter IX,
all project stru¢tures eXcept the powerhiouse and the portion of the west
embankment dams with a low corewall meet FERGC stability crireria. Stresses
within the c¢oncrecte sectlons and toundation are accsptable, Measured flows
from the two spring areas discovered in 1986 have not changed. There is no
evidence that seenage in the hadrack wnder the amhankmant fame o rhrvosran.
ing public safety. Improvemert in the toe ditch seepage collectien system

is recommended for the west embankment dam,

From recent siudies, a flood with a peak discharge of 100,000 cfs is the
appropriate project Inflow Design Flood. The existing spillway can pass
only sbout 33,000 cfs with the rescrvoir at the tup of the existing earch
dams . Existing spillway capacity is therefore inadequate. Spillway cxzpan-
sion studies are urnder preparation and will be the subject of a separate

report.

B, Adequacy of Instrupentatjon gnd Wonjtoyins

The existing array of instrumencs ar the project is adequate for evaluating
the behavior ¢f the structure except for potential vertical and horizoncal
movenents of the structures. There is no system of survey monuments and
targets provided for routine surveying of structural settlements or deflec-
tions, A suitable layout should be developed, and measurenents should be
caneit pPeLivbitaily., Flegueiily O CeaUllg €X1SLiNg  APSUruments 1s accept-

able. No changes are recomnended at rthis time.

MEAD PAPER
Buney Falis Dam January 198)
FERC License Number 2506(4) Page 51
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Fxi{sting maintenance ard surveillance practices are sound. Access for
inspection nand survelllance to the east ewbankment dam 1is poor. A
pedestrian bridge over the concrolled spillway should be constructed.
Emergency alaras te initiate .  Emergency Action Plan have just been in-.
stalled.

D. Adequacy of Project Operation

The project Ls adequately operated. A new automated system nas Just pcen

installed

E. Adequacy of Operxatjon of Spillway Cates and Standby Power

The existing gate hoisting system is similar to that at many other simfloar
projects. The adequacy of the hoisting mechanism will be review as parc of
the spillwvay expansion studies presently under preparation. No changes are

necessary at this tioe.

MEAD PAFER
Boney Falls Danm January 1989
FERC license Humber 2506(4} Page 52
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GRAPTFR X1
RECNMMENDATIONS

A, Cotrective Measures Required for Project Structures

Al Vest Emsbankment Coyewall, The west embankment corewall should be
raised to at least El. 912.58 from station 1+C0R to 8+00R teo fuprove embank-

ment stability up to the waximum reserveir pool level during an 10F peak
inflow of 100,000 cfs.

. N E G @

A.Z west Embankment joe  wrain, lhe eX1STlng wesC enbankment toe arain

system should be replaced by a new, filtered buried pipe drain for improved

Yot Anarvial amd manivavins

I T2TPRS 3. I
Ad Powerhouse _Stabil)ity, At least two piezZometers should be installed in
the

I

powerhouse to check for high uplift pressures. Scability should be re-
computed if actual uplifi under wormal pool conditions is found to Le loss
than full theoretical uplift pressure. 1f the computed factor of safety for
the poverhouse is found to be less than that required by the FERC, post-

tensioned anchors may be necessary for stabiliiy improvement.

Al Upcontrolled Spillway Concrete, Trere 1s some minor concrete

. - B .. - B i e e e o ) T - - %Y o anm eV mis 2amIT Vasmns
UT LTL AVAGLAVE. wis thic Guwiatvcam stece of the unsonsrellisd overiilsw Fpra 1-3,

within about 5 feet of the crest which reguites some repaltr within che nextr

five years.

A.5 East Embankment Dam Undepseepage, I{ an RCC gravity spillway section

is constructed in place of the high portion of che east embankment dix {rom
station 0400L to 5+00L, chen there should be no need for further special
remedial work to control underseepage. Foundation giouting for seepage

control and general foundation improvement Leneath the new spillway struc-

ture as airscussed LN Tthe georecnnical report {7} should be incorporaced into

spillway construction wark.

MEAD PAPER
Boney Falls Dam January 1989
FERG License Number 2506(4) Page 53
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A6 Splllvay Capacity. Spillway capacity should be expanded to pass an
inflow design flood of 100,000 ets. Cusrent plans by the owmer to construct

an RLL pgravicy section overflox spillway in place of the existing east
enbankment dae with raising the west ecbankment dza will lead to an increase

in spillvay capacity sufficient To mect this requirement.

B. Corrective Measures Reqmired for Fupjsci Haintonsnee sed Surveillance
B.1__Uncontrolled Spillway Wallkway, A pecestrian bxidge should be con-

structed to facilitate inspection of the east embankment dam, especially

during flood events.

R_2 Underseepage Monitoring. Permanent Parshall Flumes shauld be instiiled
on the MNorth and Semrh Creeks pending the successtul perrormance i .

flume on spring NH-1.

C, cti £ T C ratio

No changes in project oparation are needed at this time.

D, Schedule to Carry Out Suggested Correciisy MHogiutos

All recommended improvewents should be undertaken within the next .wo Yyears

or as specified above.

E Additfional Safety Regquircypents

No other additional remedizl safety mearures are needed at this time.

MEAD PAPER
Bcuey Falls Dam January 1939
FERC License Number 2506(4) Page 54
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SUBJECT: Tainter Gated Spillwey PROJELT: lorn; Failn
1} Reting Qurve MUMBER : WML
(Free Ovefall Conditione) DATE: 25-Apr-0%
JOOMPUTED: X.F, Rogars PAGE ___ of ___
BAYS: CONTRAGY 1005 DESTGM:
Crest EL:  BPS.58 Kipier>v  0.00 Ko = 14.2
Width = 20 Kooty .08 EGLO » Y07.73
® Payy n & # Plerg - o . 3%
RESER/OLR
w NVEL Head, He  MHeswo  Cdrzco cd Leff  Discharge
{fe,mel) (fe) (449 ‘efed
893.00 -0.50 - - - .- 0
893.58 0.00 0.000 0.000 0.00 120.00 (1]
9. 08 0.50 0,035 0.%02 Y15 119.95 13
.58 .00 0,070 D.810 1.9 119.90 82
895.08 1.50 0.106 0.826 3.2 119,85 T3
895.58 2.00 0,141 0.8% 3.29 119.80 1,115
896,08 2.50 0176 0.8 X.33 19,75 1,57
8596.58 3.00 0.217 o0.ms N.57 . re 2,096
9708 3.50 0245 08485 1.40 119.65 2,664
o758 4.00 G282 N8 3.4k 119,60 3,291
85%.08 4.50 0.317 O.88%  3.47 110,45 3,960
290,52 5.00 0352 0.80 3.5 119,50 4,87¢
89908 550 0.3a7 o0.M97 353 119245 5,439
89% 53 6.00 0,425 0,95 3.5 119.40 6,247
900.08 6.50 0.438 0.913 3.59 110,35 7,100
900,58 7.00 0493 0,020 3,82 1930 7,998
$01.08 750 0528 0.927 3.85 119.25 3,940
901.52 8.00 0563 093 147 119,20 QU
902,00 4.50 0509 0.0 3.7 119.15 10,925
902.50 9.00 0,624 0w I 11%.10 11,962
903.08 9.39 0.68% (9% % 119.0% 13,087
903.58 10.00 0,706 0.9 77  119.00 14,187
Dod. 08 10.50 0.7%% 9.962 L% 115,95 15,030
04,58 11.00 6.77%  0.9s* X af 113,90 16,527
005.03 11.50  3.810 0.9% LN\ 110.0% 17,752
ons.58 12.00 O.B45 0.9 3 g% 10,80 19,013
905.08 12.50 ¢.3%80 0.983 3.aa nars 20,382
905,58 13.00 0.9 0,9% 1ag 8.7 21,643
97.08 13.50 0951 D993 3.9 118,065 23,012
W7.53 15.00 0086 0,90 3,93 118.60 26,416
908,08 18,50 1.021 1,02 3.0 118,55 25,
P08. 58 15.00 1.05% .00, 3.0% 18,50 ar, 1ox
0%, 08 15.50  1.092 1,010 397  -18.4% 23,698
00,58 16,00 1.%27F 1,098 .00 118,40 30,310
910.08 1650 1162 1020  4.00 118,38 3,
910,58 1.0 1,997 104 .0 T18.30 33417
911,08 1.5 1.252  1.028  &.04 18,35 34,97

HNE on W= e
SUBJECT: Tainter Gated Spilluwy PROJECT :Ecwy Falla
Discharge Reting Curve HUMBER : oM
(oritice Flow Corditions; DATE: &3-Apr -89
[COMPUTED : M.F. Ragers PAGE of
fears: 5.8 heX OPENTNG: o
C-eat €L . Kelgnt = 14.0 11
Width o 20 1. aﬁ. ] 220 1t ‘2/bay
7 Bayss & Lip EL 907.58
s a.76 Center EL 900.58
RESERVCIR
nEL Wead, Ne Slscharge (cla) QISCHAIGE (efs)
(ft,ml) () <) oy (o'l bays)
11,08 10.%0 5,53 33,204
11.58 | 11.00 5,664 33,90
912.08 11.50 5,791 34,740
#12.58 2.00 5,91 35,40
915.08 12.5%0 6,038 36,228
913,58 13.00 6,157 36,92
96,08 13.50 6,275 37,650
14,38 14,00 6,30 38,340
915.08 14,50 6,503 3.0
?15.56 15.00 o,0% 39,684
4,03 15.50 &7 +9,330
914,58 16,00 6,85 40,988
¢17.08 16.50 4,937 41,622
M7.58 17.00 7,041 42,248
915.08 17,50 T, i4d 42,564
914,58 18.00 ¥, 2%5 43,470
010,08 18.5% 7. 345 &4 070
919.58 1%.00 T, 6kt &b b5
920.08 19,50 7.5 45,248

ESET/60/50 (TeT>TIIoun) Add Hu3d FPTZ0-STGOGS6T
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BONEY FALLS DAM
Flow Over Evaborkment—EXISTING
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JECT:  Embankment Overtopping Flow PROIECT: Borey Falls
Discharge Rating Curve WARER: 19
EXISTING OOMD:TIONS CATE: 01-dan-89

COMPLIED: M.F, Rogers PAGE __  of
WEST EMBANKNENT DAM: EAST ENGANKMENT AN
Sta. 2900 1o 8rd0 [Sta. Be40 to 35+6G $te. 00 to 16465 [Sta, &S5 to STOO
Crest EL 912.58 |irest EL 909.08 Crest EL Q09.08 |{ -t EL: $09.08
Length &0 tLength TS0 1, Length 16465 {eff.Langth 1735 fe.
Cd = 2.07 Cd = 2.67 td = 2.47 - 1.8
- - TOTAL
zsza.ma HIGK PORTION LOM POMIION  {DOMEINED LAUSED PORT |- LoV PORT IOM COMBINEY § COMBINED [RESERVOLR
KVEL " a ‘ @ Discharge| 9 ] 9 plecharpe [OISCHARGE WEL
(fr, esl) {ft) {ctfea) (213 {cfe) (cfs) (fr) (cfe) (ft) {efa) {eic) fcis) g1t ,mmt)
LR .o ] .90 % S 0.00 g c.w ¢ 0 (/] wWe.00
Q0,58 0.00 0 0.50 2,54 2,568 8.50 §,57T2 0.50 1,104 z, 676 5,244 909,58
o100 o400 & 1.5 Tea T e Tobu ., 0 L3R Y] 3,13 7, 500 %, 851 1008
910.58 ¢.00 (1] 1.5%¢ 13,32 11,342 1.%0 0,147 t1.%0 5,37 13,904 2T, 04 910,58
?1t.08 9.00 ] 2.00 20,51 20,541 2.00 12,574 2.00 3,4 21,407 41,948 1.0
£11.58 .06 (1] 2.5¢ 28,707 8,707 2.56 17.573 2.50 17 3&5 29,914 58,625 1,58
$12. 0k a.00 0 3.00 .73 ! PTR? 1.7 3,100 .00 10, R 3. 7,085 912,08
¢12.58 .00 1] 3.50 47,553 47,553 3.50 0,109 3.50 20,4&9 49,558 7411 912.58
13,08 0.50 S04 4£.00 S8 000 58,703 4.00 35,564 &.00 24,9, 50,548 119,251 913,08
Pi3. 50 1.00 4,79 £.50 69,32 71,035 4,50 42,437 4,50 29,812 2,269 143, 204 1.5
914.08 1.50 3,13¢ 5.00 81,19 84 3% 5.00 9. M 5.0 3,516 B4 519 168,954 914,08
914,58 2.00 4,833 5.50 93,673 93,508 3.50 ST, M2 5.50 &0, 202 oy 624 196,182 974,58
508 2.50 &, 755 &.00 106,735 [113,490 &,00 63,336 &.00 45,009 11,235 224,728 935.08
?15.58 3.00 8.8% 6.50 120,351 139,230 4.50 n.en 6.%0 51,754 173,425 254,658 M558
915.08 1.50 N, 7.00 13,502 (45,6 7.00 2,382 T.00 57.8% o, 12 . 915,08
Ptase 4.C0 13,670 7.50 149,187 [162,837 7.50 ™,510 T.50 &4, 14% 155,455 38,20 914,58
.08 4.50 15,312 8.00 164,329 ]180,841 3.00 100,591 apn 70,6645 1,258 351,87 17.08
"7.58 $.00 19,108 &8.50 179,973 199,072 8.% Vo,158 8.50 77,393 87,569 386,830 7.5
916.08 3.50 22,041 7.00 196,085 (218,126 2.00 120,080 9.00 a4, 321 204,357 &22,A77 935.08
918.58 &.00 25,114 .50 212,650 J237,76d .5 13,10 9.5 91,444 221,614 459,37 918.58

ne.o8 &.538 28,318 16.00 229,657 | &7, 9% 10.00 140,501 10.00 9,758 %, 497,514 ?19.08

19,58 7.00 31,647 10.50 247,095 |278, 742 050 151,255 10.5¢ 108,257 257,552 $34,254 19.48

920.08 7.50 35,098 11.00 244,958 {300,051 11.00 162,306 11.00 113,93 276, Vi IS TS ¥20,08

i
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S$AJECT: ProjJect Dlacherge Capacity PROJECT ; Boney Fally
Hewchaater va. Discharge Rating Curve WUFSER 1§19
EXISTING COMDITIONS pATE: 01-May-29
COMPUTED: M.F, ROpers PAGE __ _ of __
. GATED SPILLWAY JKGATED IIES? EMBAMIOWNT | EAST EMBANKHENT! EXISTING
RESERVOIR} - —— e ——— —} . 3 PROJICT RESI2VOLR
KREL low Discharg: [Olschaige Distharge Discharge O15CHARGE MEL !
{fr =t} § fontrol {cfel {cfz) (crs) fcta} (cis) Cfe, =iy I |
. [
l 893.C3 Free [ 0 v v ] or3.ug
893.58 Froe o (/] (/] bt 1] 293.58
394.08 Free 134 ] 0 1] 134 ort.08
895.58 Fras 3az ] 0 o 352 .58
I 495,08 fres T3 & [ o m 895.08
. ] Fres 1115 7] 0 iy 1,118 85.58
$% .08 free 1,576 £ ¢ 9 1,%% M6, 08
896.58 Free 2,006 0 0 D Z,09 896.58
£97.00 Frec 2, 664 L] 1) a 2,664 57,08
»7.58 Fres b - | ] 2 0 3. an 897.58
498.08 Firan 3,960 0 0 ] 3,960 858.08
595,58 Fres &, 676 ) ¢ o 4,676 0¥ 50
- 859,04 Free 5,439 W L] o 5,439 ND e
' &99.58 Free &, 247 Q 0 ] 6,247 99.58
$00.068 Free 7,100 0 0 0 7,100 900,08
900.58 froe 7,99 0 0 o R ] $00.58
901.08 Free B, %0 0 0 0 8,90 901.08
001.58 Free 9,899 9 [ (V] v, o .38
$02.08 Frea 10,92% o 0 0 10,925 902.08
902.58 Fres 11,962 & 4 L 11,962 902.58
3 08 F.2e 3 0637 2 o ¢ 13,087 308
P03, 58 Free 14,187 0 ¢] 0 14,187 903.58
l 904 .08 Free 15,339 o 1] J 5,339 $04.08
04, 58 Free 16,527 o 1] ¢} 16,3527 ¥4, .58
$05.08 Free 17,752 0 1] & 17.752 $05.08
$95.53 Fres 19,013 0 0 0 12,013 905.59
906.08 Free 20,382 226 ] (] 20,58 904.08
904.58 Free 21,643 440 g 0 22,303 006,58
207.0a Free 3,012 1,245 o o 24,257 07.08
wof. 56 Free 24418 1.981 a i 0 26 I 207.58
45,08 Free 25,779 2,787 a | d 28,577 $G3.08
08.58 Fron 37 102 kYt a 2 ke i-34-1 $05.58
' op.Nd Fres 28,5696 4,772 9 0 33,468 909,08
92090.58 Free 30,310 5,924 2,568 2,476 41,478 909.58
910.08 Free 3t,008 T,1862 r,282 T587 53,60 910.08
?10.58 Free 13,417 8,476 13,342 13,904 &9 139 910.58
168 | Orifice 33,204 ®,905 20,541 21,407 85,057 #11.08
931.58 | oritice 33,984 1,429 28,707 v, 918 104,038 211,58
$12.08 | Oritice K, T4E 12,983 3 Ny 39,328 124, T% ?12.08
NM2.58 | Orifice 35,498 14,617 47,553 49,538 147,280 912.%8
l $13.08 | Crifice 35,28 14,370 5C,703 60,548 171,849 $13.00
13.58 | Orffice 35,042 18,210 7,035 72,249 198,436 913.5¢&
914.08 | orifice 37,650 20,136 54,335 8,619 225,740 Né. 08
@14.58 | Orifice 38,340 22,0% 94,508 o7, 624 256,566 214,58
215.08 § Orifice 39,018 2k, 129 113,690 111,255 287,472 215.08
915.58 | Orifice 39,584 26,304 129,230 135,428 320,643 5.5
$16.08 | Oritice 40,339 28,496 145,69 180,172 354,600 916.08
916.58 | orifice 40,585 30,787 162,837 125,455 390,045 916.58
17.08 | orifice 1,022 33,113 180,641 171,25 624,632 o17.08
l 7.58 | Orifice 42,268 35,535 199,078 187,554 464,620 917.58
18,08 | Orifice 42,835 38,033 213,12¢ 204,351 503,374 218.08
918.58 | Orifice 43 &M0 40,607 237,764 221,6% 543,455 ¢18.54
0.0 | oriflce 44,070 3,257 257,975 234,37y 504,641 9:9.08
210.58 I orifice o B4 45,983 278,742 257,512 a5, 91 ¢19.58
720,08 | Oritice 45,244 48,875 30,051 276,522 670,09 920,068
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I SBHCT: Esmberkment Overtopping Flow PROJECT: Bongy Falls
Oischarge Rating Curve MEMEER: 1979t
AFTER SS/ILLUAY EXPANS|ON DATE: 01-Jan-59
COMPUTED: o, F. ROgers PAGE ___ of
[uesT emanocut omn: EAST EMBANIENT DAN
Sta. 2+00 1o B+40 [Sza. 5edD 1o 35460 $ta. 5+00 to 15285 [3ts. 15+65 to LT(D
Crest EL 913.58 [Crest EL 913,73 Crest EL 911,08 ICrest £L: 909.08
Lergth 640 [Length 2720 f1, Length 1185 (Eff.Length 1735 fr.
Cd = 2.67 Cd = 2.67 td = 2.67 he e 1.8
i TOTAL  {
qkiscwo;l Micy 8521108 Lod PORTION  [CONEINED ERAISED PORTICH LOW PORTION COMBINED § CUMBINED |xEstuviik
] Q [ Q Discharge L] -] n Q9 Discharge J0ISCRARGE mkL
tfe, el iy (cts) (ft) tcfs) {cts) (413 (ctfs) {fr) (cfs) (cfe) (cfs) (lt,-';
$07.08 4.0 o .05 o o 0.0 o .00 o o ! 8 705,08
oU9.58 0.00 0 0.00 1) o 0.00 0 0.5%0 1,104 1,104 1,104 900.58
910.08 0.00 1] 0.00 0 0 0.00 ] 1.00 3,134 3,13 3,123 91G.08
910.58 &.00 o 0.00 D ] 0.00 ] 1.%0 5,747 5,737 5,737 710,52
911.03 Q.00 | ¥ c.20 o Q €.00 Q .00 a0 8,033 5,538 $11.08
91158 0.00 o ©.00 0 0 0.50 1,100 2.50 12,345 13,445 13,445 914.50
912.04 0.00 L] 0.90 0 0 1.00 3.1 3.00 16,220 9. 59 19,33¢ 912.08
vir.uo 9.09 o 0.9 0 o 1.50 % s 1.40 20 440 24,163 34,163 5i2.50
#13.08 0.00 0 0.00 0 0 2.00 8,798 4.00  24,v04 33,70 33,782 $13.04
913,58 0.00 o 9.00 0 0 .50 12,29 4.50 29,012 2,108 42,108 913.%5%
¢14.08 0.50 S04 0.5¢ 2,548 37 3.00 16,153 5.00 34,016 51,079 54,251 ¢14.08
914.58 1.00 1,70% 1.00 7,262 8,97 3.50 10,348 5,50 40,282 60,5650 65,621 914.58
$15.58 1.3% 3,13 1,58 13,348 ¢ 16,48 .00 in,00 £.00  45,0vv 70,763 57,064 $i5.06
915.58 2.00 &, 333 2.0 20,541 .37 4£.50 29,693 & &0 51,754 81,447 106.&1 i858
215.08 2.50 &,75% 2.50 23,707 | 35,482 5.00 U7 7.00 57,83¢ 92,615 128 o 914,08
$156.58 3.¢0 B.87% 3.00 37.737 ] 44,815 3.36 40,122 7.50 &4,145 104,267 150.&53 916.50
nr.oa 3.50 1,9 3.5 47,553 58,742 6.00 45,76 3.00 70,665 116,381 175,123 "®IT.08
Nnr.5e 4,00 13,670 4,00 58,00 T, ree 6.50 51,547 8.50 77,393 128,940 200,709 or.5
f8.08 4.50 16,012 4.50 69,326 | AS,638 7.3 $7.608 2.00 84,321 141,929 227,567 918,00
918.58 5.00 19,105 5.00 B1,196 [100,309 7.50 43,889 .50 91,44 155,333 255,634 .58
$19.08 5.5%0 22,041 5.9 93,673 (113 76 5.00 70,304 190.06 $3, 758 169, 142 254, 858 ¥iv.08
919.58 6,00 25,114 6,00 106,735 1131,849 4.%0 77.084 10.50 106,257 183,341 15,100 79.54
$20.08 6,50 8,318 6.50 120,351 148,669 .00 43,983 1.00 113,934 197,921 b,590 920.08
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SUBJECT:  Roller Compacted Concrete PROJECT :Norwy Falls
Emergency Spillvay WaRER 9L
Discharge tating Curve DAVE; 0)-Jan-09
COVUTED: N.F. Rogars PAGE of
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Sre. =00 to 5+ Top of Cam: 9%0.66
Crest EL: 905.58
Length 00
cd = 2.67
RESERVOIR DISCRARGE (cfs)
KUEL Nand cd Prior *o  After
| {tt,mul) (ft) Breach  Krassp
0% .58 8 an 2 47 D b
P 905,68 0.5 2.97 v} W2
9C5.58 1.00 2.67 0 1,135
07.08 1.50 2.67 0 2,433
P07.58 2.00 2.587 4] 3,178
?08.03 .50 2.67 ] 5. 27
908,58 3.0 2.67 0 4,937
909.08 31.50 2.67 a 8,74
- ann ze ] L2 : 19,655
. 10, (9 4.50 2.87 123,00 12,748
P10.58 5.00 2.0t 14,926 14,926
91108 5.50 e.67 47,220 7,220
$11.38 &.00 2,67 19,620 19,620
213,08 .50 Z.07 £8,163 £, 185
912,50 7.00 2.47 26,755 26,725
913,08 1.50 2.467 27,230 ¥ 4
13,38 8.00 2.67 30,208 30,208
14,08 8.50 2.67 33,083 33,083
ﬂ 04,58 2.00 2.67 356,045 35,045
713.00 9.50 .67 3,090 39,000
915.58 10.00 2.67 42,216 42,218
916.08 10.50 2.67 5,422 45,422
916,58 11.00 2.87 &8 705 48, 05
9NT.08 1.5 2.67 52,063 52,063
®17.58 12.00 2.67 55,495 55,4905
9158.08 12.50 2.67 S&._ 090 SA. Q900
¥15.53 13,50 2,67 &2,574 82,574
I oiv.(e 131.5% 2.47 66,259 &6, 219
o 919.58 14.00 .67 oF V32 &9, 952
920.08 14.50 2.87 2.0 3.m
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SUEJECT; Praject Discharge Capacity PROJECT: Boney Falls
Nenchiater ve. Discharje Keting Corve WMBER: 19
AFTER SPILLMAY EXPAM3ION DATE; 01-May -89
COMPUTED: M. F. Rogera PACE at
TED SPILLMAY UNGATFD IHESI EMBANEMENT [EAST EMBANIMENT RCC

RESERvUIR PROJECT RESERVOIR
WU Flow  Diacharas INigcharge Pischarge Discharss Clecharge | CISTRARE e

(1t ,ml} | Control tefe) {efey (cfs) {efe) tcfe) tefe) (ft,ml)
893.08 Free [ 0 1] G o 1] 93,08
203,58 Free 9 [ [ 0 Q 1] 89T .58
9. 08 Free 13% o 0 0 o 134 89408
454 .58 Free me o 1] 1] o 352 254,53
£95.08 Free 73 0 0 0 o 713 893.08
LN Foam e b b [+ [+ ) 7o .00
56.08 Free 1,576 [ 0 0 0 1,576 896.08
296,58 Fres 2,056 0 o 0 Q 2,0M% 89¢.58
897,08 Fras 2.564 [\ " o 0 7,004 897.98
&97.58 Free J, ™ V] 1] /] ¢ 3,2 avr.5a
98,08 free 3,960 o 0 [+ 1] 3,060 898.08
278.58 free 4,076 o G 0 c 4,676 898.56
200 ne Cros .41 o 2 b b 2,537 b=
899.58 Free - T4 0 4 g 0 6,247 599.58
900, 0% Foee 7,100 ¢ 0 0 0 7.100 900.02
.58 free 7,99 o LU 9 0 7,998 $00.58
901.08 Free 8,540 ] 0| 0 o 8754 901.534
901.55 frea 9,599 6 91 (] f 9,890 01.53
03 . 0% Free 10,925 0 0 3 b 10,825 $02.08
v.e.58 Free 1,962 0 o L 0 11,942 p02.58
$03.08 Frae 13,037 9 1] 0 1] 13,037 $03.00
905,58 Free 14,187 B 0 o o 14,187 903,58
S04 . 03 free 15,3% 0 L1 0 1] 15,339 904 .06
o0 S8 Fres 16,3527 a 0 1] 0 16,527 905.%
905.08 Fres 7T TN n n n n 17, T2 ter ne
905.58 Fren 19,013 0 [+ 1] 0 19,013 $05.38
N, 04 free 20,342 pr. ¢ & 0 U, 588 #06.08
905.58 Free 21,643 [ 0 (1] 0 22,303 906.58
r.08 free 23,042 1,245 0 0 a 24,257 $07.08
07.58 Free 26,418 1,961 0 ¢ 9 8,377 $07.56
503.08 Froe &5, 79 2,787 0 0 0 20,577 208,08
908,58 Frae 27,193 } 7 o e 0 30,918 908,58
909,08 Frae 28,696 L, TN 0 0 0 13,448 Q09,08
w058 Free 30,310 5,924 ) 1,104 0 37,338 909 SR
$10.08 Free .28 7.1 0 31,123 12,74 54,837 910.08
$10.58 Frae 33,477 8,475 g 5,737 14,926 62,556 910.53
$11.08 | Orifice 33,204 ¥, 905 L] $,833 17,220 o, 1462 911.08
ML | Crifice 33.%8% ey g 13,97 19,620 3,950 911.58
¢i2.08 § Ocifice 3,768 12,583 q 20,674 22,1483 90,526 912.08
912.58 | orifice 35,496 1,017 [ 28,616 24,725 103,454 912.58
9135.08 | orifice 36,228 18,30 g 37,558 2T.420 17.576 913.03
913.58 | Orifice 36,962 18,210 a 47,385 30,208 132,745 213.58
916,08 § Orifice 37,650 20,136 3,172 58,016 33,003 152,057 914.08
$16.58 | Orifice 38,540 72,00 8N 60,3 36,045 176,841 91458
915.08 | Orifice 39,018 zé, 129 16,401 81,443 35,000 200,181 915.08
915.58 | Oritfice 39,604 26,304 25,3 96,191 &2 254 237 T4 w5 Sa
0L.08 | Orifice 40,338 28,408 35,482 107,542 5,422 57, 2482 916.08
#168.58 | c-ifice 40,985 30,77 6,616 121,487 £8,705 288, 561 N6.58
¢17.C8 | oritice 41,622 35,143 58,742 135,001 52,043 329,541 oT.08
P17.58 | oritice 42,246 35,535 T, T67 151,064 55,495 556, 109 758
918,08 | Orifice 42,884 33,033 85,638 166,654 58,909 302 188 915.08
918,55 | Orifice 43,470 40,507 100,301 182,754 62,574 420, 9148.56
919.08 | orifice &, 070 43,257 115,114 199,59 48,219 448,411 §19.08
919.58 | Orifice &4 . &bl 45,001 131,049 216,425 49,932 508,853 #19.58
Feu.a | Orifice 43,246 48,675 148, 689 233,556 3. m 550,267 $20.08
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