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' 'Denver, ‘Colorado, April 1, 1940,

' MENORANDUM TO CHIEF DESIGHING ENGINEER =
“{We E, Blomgren-= Through Ke Ba Ceaner, AL
Sem.or Eng;ineer ‘Dan D:.v:.s:mn.)‘ P

.:Subject- Reporb covering prelimmary desz.gns ?qnd*estmates :i‘or‘"'””"
" " Keswick ‘Dam and: ‘pawer ‘plant; Centra Valley pw ‘
Kenne‘bt da.v:.s :.on, Cal:.i‘omla 5

. : e There s subm:.‘lrbed herew:!:bh 'bhe report covermg the‘}'r
;pralmmary studies and estimates for ‘the Keswick Dam, which wers s
-initiated in’December 1939, becauﬂe ‘of rthe mequlrement for a Lish -

barrier: and trapping: Fadilitios dx’ connect:u.on wrbh the Shaste. Dam
:progra.m i‘or consarva:bmnmf mlgmuory fn.sh. S

: Prelm:mary des:.gn stud:l.es a.nd es-bmates wiere | pre—- f,' :

'pe.red by Assoc:.a‘be ‘Engineer Lewis J .'Workm.n umder-the ﬁ].rao‘ca.onf

of ‘the- wrlter. Valuable: a.ss:.stanoe iin'the prapa.mt:.on :of “this". T

report -was received ‘Trom the electr:.cal d:un.s:l.on, Jpr:.nca.pally i‘rcm o

Mr, H. He Kight, who- made theieconomic :studies necessary for. the
evaluation of powor, which: appareﬁtl_,r Will detem:me t]ze dam s:.te

o ‘he: selec‘bed and Mra'iDy Cat ,who i‘umn.shed -8 dwer-plan‘t S

“Layout:and -estinate for this. feature a11d 080 from M, He' .

who~ prepared an prelmmary 1ayout of scroll case e.nd draft«-tu‘be

‘.1.mes for the power pla.nt.‘ L cie e : ‘




GENTRAL VALIEY PROJECT
' ' KERNBTT ‘DIVISION :
PRELIMINA.RY ‘DESIGNS ‘AND ESTIMA.TES
' KESWIGI{ DA.M S

Bunnmry ,and C'onc,lus:.ons ‘:'j‘

: > l. ]‘;mrestlga.tlons and studles of the Kesvnck Dam, ln- ‘
: fc.ated @ 'bhe Sacramento River about nine miles- ‘beélew Bhaste Dan
‘and about five. ‘miles ‘above Reddmg, Cal:.fomm, were' mrbmted
ibeoause of the sui'babllity o:ﬁ' tlu.s s:l.‘be as . loca.ta.gn for a" ba.r-

’*omﬁluded tha.t Kesm.clr would be a more de ‘rable : atim i‘or i‘ish»
trapping! ‘faoilities than ‘Shasta ‘Damg . Part:culo.rly, ‘emimgoownt «of
‘“the:posgibility ‘thot: Keswick Dam might be ‘required shor‘bly after
‘the campletion of: ‘Shastn _Dam ‘and "the ‘fact that plans:oend: provie o
sions :for 'I:rapping fao:.l‘t::.es ot Shasi-.o. I}o.m mgh'b reta.rd the com-

2. Rough es‘cima‘ces oi' coat fm- audam: +tha ;Kesw:.uk

” si'be (State site) ‘based iupeniaTentutive: 1ayout @n‘_;a_gswte topo-

r.graphic mp,\preparsd for preliminary donsideration and.information.

“inromnection:with: studies for fish, cmservatlon.’ Hich' est:mtaswa: ( .‘ ‘

- theibasis: forfcosts ‘indicated in: [,‘.h::.fai'&‘F.h.w,':l:aeert "e’t‘ba'zi%é‘f-;i]énu'-‘
Cary 22, 1940 Field. mvostlgatim and dr:.lling for ‘the ‘prepurt= ..
tien: of moro detailed studies wore started din: “Decambcr 1939, ’Sub-

: __,sequan‘" izwcs’c:.go:t:.ons ""*ﬁaethor wrbh consa.demtim of ‘the purpoaes

.oxdipossibilities:of ithe’ultimate! hosmck dovolopmmt, mdloatod
‘that the. orlgmally proposed site was: nut su:.‘bable*for the ~most
-desirable plen, particularly:the larger pow "plan which atu
indicated - should’ ‘ultimately be: construo’bad.‘ e
greater width ‘to:accomnodats the power: plant and the indioated :de~
' sirability cof developing the maximum possible:power head in this:
Ticinity lead :to Hinvestizetion and :consideratich of other's -be&,
‘which ‘were: desn.gnatod Flat Creek, Uppor ‘ond” Lowor :Spring . Creek; -
-and " Upper and;Lowor Rock:Creok: s:Ltos 5 .81l cof which ;appéared .f
“.geologic ond: phys:.cal .conditions %o be oqually’ adequate for ithe -
proposed : dame’ The Flat Creek : s:vbe ‘farthest upstream was el:ma.na:bed
‘because of  the lower. power hea.d eand .glso ‘hecause ‘this’ s:.ta was’ no‘b
_economiee.lly su:.table for power- develnpnent of water;;whmh my ’be
diverted ‘from:the’ Trmrby ‘River iom the Pacific; slope ,
Creel-: '1'.0 the Baormnmto Pi.ver aome ‘bime : '




, 'Creek ;B.nd Rock creek si‘hes were prepared and 't:_h,e; ‘a'aul'!:s ‘
S thase studies :are herewith »presen’bedu 1e8s 5. 'are ‘baced
upon ‘the assumption “that 'the. mEjor considqratlm inthe il Ma.te
‘development ‘is pewer: Lproduo'biun sand “that _ui'i':.ci‘mt mtca:mt on
ond; pawarhouse subs hructure xwork sho 1d b ; nitinl

mﬁcs vprova.do fur an: uvoro.g” LB % )

‘gredter; pa;rt af, tha ‘dam;ar a.nd;e._somewhat deeper eccoa.vatlon dn
“the ‘abutmeént :secticms; which:as wmption “is now believed tobe .-
more ""l'a.beral tha.n nacessa.ry or ‘requ:.red -Btab:.llty ‘.uons:.asratlons'.




'.'ti,'lm:’n.mnn,_s-bomge oapacit'y .
o : sl

| ;Dea,d stcmge '1evel elev.

5 Itm.mum. pillway ca.paoitvm- i
,,50cond-fect

':‘Top of da:m elev.

% Turbm e; ‘hydraul:r.c aapacity
-8 un:.ts --Second—fcet :

R “ur'bmo c:su.pew:l.izsr '.w :
- Horsupower
: Generator ca.pac:.ty-ﬁ;
‘ K'Vwa- L

311,525,169 ,,11,551’353; A

| Estimted tobal.oost of:resers| |
"f'vos.r, ‘dam,:end: power plant:
per hv.Jinstalled'roapa.city ‘.’;‘,‘t;-,z.s_;'_;,ae'z e

sl




_*‘;’-!"'Estimatédié’iéaxéiyﬁﬁgéndiﬁﬁfes**-?iﬁpi:eri‘

R Pcsvrer possibilities.
selec'bmon of s:.be hinges upon Tl

“mAy: appear h:.gh 3.1:'5‘15, ela.'u:.vely éc:mom:.

. D
- planton-the! basns 'of‘”cost_:'psr::kilmtt of ms"called uapaci’cy'

~vwhich:should’ 3us’cify construction tintha;

~above~indicated. ;mcrea.sod ‘firsticost of “these: ‘plans

‘is eallod to.enc: ot tho ‘mdin: just:.f:mat:.onss"‘ 'or: Kasm.olc ‘Dem, ‘tho
;.-neooss,.tv for:river rcgula"blon, which: mlght ‘not’ be necesse.ry he ;
‘operatlm of the:Shasta: pmer pl&nt will. Lupa

structure: for the .saler rEy which’ is

- ~now ‘being: stud:.ed.- (I -l:h ‘Shasta powar“plunt is opera'bed on‘
“beESe. load, -assuming’ that-e: cmstant powe

wor:seld, stheltenefits: of;Kesm 1 P

ing-end. the.meed for-river: regule.tlun' ‘;y ‘e el:[m.na.ted."
~.Sheste’ power outpu'b ‘follows the ~of vthe d:.s'bri
~butien system,:the: benefi.ts w:.ll.u.,onnsist of the ability of the:

- Keswiclk Dem'to: regulate ‘tho: dally‘i‘luctuaﬁlms o} ';discharge Wi'hh_
"rei‘erenoe to dcvmstream structuro nd+th
' v thet: ef:devolopod*'
"-conctl‘ca.ms. ‘The: fluctuatmg;:loud ig’ ‘theimostpr: ab

-and:even” if the: :un.t:l.sl_ii-puwer sale 15**93‘0;‘;upn_an be.f_

- tion, this. condition may s .

The “increased. power: ubpu t tican: be devej.oped mdar the h gher
hend: (960 11 feet)iat the: -=_Rec1c”creé_ gite: wn.l:l‘

the B.ddl 1<ma.1 cost tothisssite

_ :d : _ ,s:.tej:—'(elevatlm 590)'
In a.ddrh:.m to the lower: ‘ba_ekwa"berwaleva.tim;i '

Creek also; prov:.des»a.dditmna.’

;13:»1011, :z.i‘ needed.

o Conclus:mnsmnd,reoomendations
-.the most sui‘be.ble sz.te':’-




t riderithis 'assump-

; “tion m:uld a.lso el:un:l.na.te to some :extam:«'hhe necess:.ty for. river
regulatlon _ith.ch W:Lth tha “immediate: necessi‘by -of pro '1dmg i
: ba.rrler, :Lsmaw the ma;]or Justlflcatlcm:for th‘ :

'11:1011 for Y da.m to:meet imed:.atey" ‘equi
‘and:regulation: ai‘terbay. iHowever,
~gatians indlca'bmg :.ncreased_ e}’cava‘t:.on i‘o‘

fp'roﬁably bmcrease ‘the' ough‘_,prelmmm est:.ma.tes
.. end -economical »Fiver: ﬂdlvers:.on plo.ns'
. power: pla.ut and'splllmy‘

S »appears th t 'l:he'i" p11'1way ‘ectlon Rk
: a:ad ga.tes mstglled :l_n: OV '

1t , “Géologlcal ccm.ai'blons heré ‘are}:.nolt §0:
_,'good as; the‘SprmguCreek__ site,! heca; se: B

’ ‘:en'brance transz.tz.ons
SR o costly' tos prqv:.d




i’bocause of; h‘e‘e:ctens‘ive f"'lIb-fo l:ha ‘appears ‘tolibe requ:.red
f"'bhrough“:che weal and she.t'tered rocL fonnmg ‘T,he T g :
"abu"sment o ! 1 8 1 v

z‘on]y that necessaw ‘t:o ::‘,ge iren omihly
o th 'drete.vﬂcoveri:-‘lg ¥ o

';m exca.va{'.:l.an mayf%« , ».i‘seu by inereased: vn:.t os.u

vhe cons:.derable aconomy Aan crmcrehe




i Pfelmna.:y Designs ‘and Estimates ‘for Keswiock Dam

- high dam bu"b Wes. reaonmrmde for.al ;
the power drop be'bween.;Sb.a.s'ba D;un :xa(Kecrme'b-h'

ject* “BLfeot" of Kesw:.clc a.fter‘bay‘ an tedlewn ’
‘Shasta pm'rcr pla.n’c da.tad Deuember : PR







_ 5 : ‘ 20 *g‘cre- oot
13 ,GOO aore-foo‘i: c.roi‘ belaw tho mjni:mm crrfo opomﬁs.on ‘ovol
clomtlon 575.; ' o

:.‘hos..—-Approximat cmpu"co.tzons i0: »vullmp , tt’:een :

“tho Spring Gi-cok ‘ond’Rock (Creek :sTtes Soito 20 mascimum s torags
‘ .‘vcapac:_ty oi" about 24,000'a.cre, Teet a: _Rcck Crae:.mth the eter:

Kesvucx: Dam w:v.ll b

3 -bwoeﬁ 'Redding and Shn.sh:. Bam

Ny 5 70T rabout si

. 5 miles upstream.i‘rom ed.daiig Y] _ niors: the :

_ ig 3 =_qua 4 nila‘ bcw "l:he
sz’co. 3pring Crook rains an’ rga onudod £ vogo‘b..:’c:.on o 1o T
“timos ;carrios cansidorablo:silt an mino‘amn.}.mgs.

dam site ‘is’ bela.eved far:eno Fnloll
avoid : sa.l'l::mg dn’ “the :gvmzv'plmt ako Brete The ! d
- some *Toundatiar -exploration by ing although “the ity o

’che ‘holes lie wpatresm iof -the ax::.s used for Hiis preIizﬁinary dem.

, ‘This; “Was tue ‘bo:the m:.ﬁia’clm _'drill:m.g ‘bafor: '

y EJ.SJGQ ;
‘considerable rsav:mg in 'e:.eamt‘:.cn w:.th bs'l:.




1

. edlogﬂx"epcrtt Wlll be'"sﬁ‘mni""bed fromitho roject
“‘.vofflae ﬁm ‘bhe ear i‘u‘l:ur' 8 : ; : }

: ‘Tw-o dgm_s::be -about:900: feet -apart ore
stud:n.ed a.-l: -!:he Rgck creek loc 'blon. ~:Th
e“ : ‘ ;

: b '»,.Sprmglcreok or about 9~§ mlés
.Shasta Da.m a.nd 4;m.1.lcs abo'vc- odd:lng-
romonto Rrvor da.rcctl “holow:g ke

: The mture klef—-'bhe fomdatim a.s very camplexs
“in-the : mllroﬂd cuts s how: me-ba a.ndas:rbe hlchJ sheste

- i : ':.'9‘9:' canyon ;pa_sgmg‘
.‘upper srbe on the r:.ghv; ,ba:ak‘_.oi‘_ the rlver A :poss
+ . oVer: "Ghe canyon : ; PRSI

Jr:.g,ht : 'ank and: upstream oi‘ “%:hé dam. ; A-b the?izppe'r? ite. ~nf
difficulby : shculd ‘he: oxpermnced An trea:ti:ng he vieak .2
':ca.vutmg “tho: cu'b-o:t‘i‘ upd.cr hc;, churt




- iThe ‘coneret s‘truotu:e ‘composed of; 'a, sp:.llwa.y,
f:.shway and “traps,: »78d ‘apowdreplant dntekee iShort:gravity sec-

tims are used:at the: abutmenta, ' The: arra.ngemerrb_"'étfall ‘dites is”: ‘_[11-‘,

raimilar with the: sp:.llmy»,on}ff'bhe 6f'% ‘banlc, the
eenter, and 'bharpmmr 5ntalc __‘on_the right'{i_ id.e.

C e The flsh la.dder;:and , rap wasjilocatedibe’wreen‘th ower: e
s plu.n'b ‘and spillway sootionsiin: ccordance .vith: recgmmcnda qns of o
-the aauntic biologistsrof *bhotf i8e "‘Buroau oi‘ Fish' ‘riea. f .' :

E:caept for 'bhe short abu‘hnent sectn.ccns, ha,_dam s‘truc-‘--
ture consists esaantially -of' piers and ‘bloolks: wh.lch carry the
‘vater. loads. ‘Amass ‘eancrate filling between: sp:.llway—ga'be p:l.eray_
- provides:ailavioverflaw. ‘oredt and: magsvconereteiistalsc: used o
‘foim 'the ‘fomdation and mtrances: between ‘gato. ax raghrack
.piers‘in.the. power intakoistructures’: ta.bllity i"a.c'l:ar i
therefore, high end fomdntionﬁatresses mla‘bively low
“typeof: dosign will; ‘provide: poss;b:.lrbios ifor oconomy. in final
~dosigh’ by tha- roduction of fotmdo.tlm ercav*'ba.m botwecnzpier""
‘and 'tho substitubian ol :;glztor Teinforeod. oncre'to uonstruc'&:.m
for-mass concro‘bo bo-h'rctm'th ‘jpmorjm‘kac lors, i
:.co.l. S AT . "

en:i: ec‘tlm

s roadway, ‘20 feat :.n w:.dth. “EoTbe: used; f‘or u'blli'by'
purposes, .is: pronded 80T0ss the ‘
ha.ve a t‘cp Iridth wof 26 :f.‘eet a.nd

: The foxmdatzon bemg o.a.
10 fee{: -in m_dth a-b ’ch' bothom

-structure; ‘assmnad as! bemg excavated “toifim. i‘omdatiun. wate:
tight : cur'ba.:.n would be :secured: amder: 'hhewupstreamxedge by meens of
a.8ingle row:of: grnut ‘holes : rangi:ng Lrom 25 ‘b0’ 50 feet iin d.ep‘hh.
The . foundation:would" ‘be. drai ovmstr £the : curbmg

- possible, by drillmg dralna.ge olessaft groutmg d:he i‘otmda—

- tionsend: cmmec’cmg these holes torheaders J.eadmg tothe: ‘down=
stroam face, ‘Vertical porous drainsilooated in #tho upstreaniface
of itho:spillway. anid: a,‘rrutmm -:seations, -cammect to tho: drsinthosd~ -

cerse No: groutmg oi‘w_._;_‘ tractl gom‘bs ‘wa.;.cona idered; NOCeISATY
becauseof Low typ: ‘structure:proposed. vslaw ‘Tate (of ‘comm
- struction required by conditims. st thic ibe.. :Metal vmt ,Beals
-should be adequate,: a.l‘bboubh somef;t:me of-.m‘asphaltmall w::bh a.
“heating device: might be. cmuderad desimb.te at the ups‘brdnm "
-t aach :join"c. Lo e T A




The sp:.llway is 1oca.1'ed on’ the east side oi“-bhe river
dn 11 proposed ‘plans ‘because: of . the harder:and: ‘more res:r.s'ben'b
‘rock formation’ (meta-a.ndesite) £o) ‘the’ spillwey epron which: ex~
'ists a.'b river lovel on 'bhls side oi‘ ‘the: r:wer at-all’ 'E:hree sites :

f , The sp:.llway;foria.ll site'é.'i.z.s oi‘ i:he concre'be overi‘lcw
L -bype and- very ‘similar:except for the depth of “theibucket, Ilelght',_.x‘_‘ I
< of p_;a.tes, ‘and requ:.red ‘excavatione. ‘A maximm:flood: ol 250,000 R

. secand=fest -cen’be passed without: enorochment o f the water: sur-'.f

. face: above elevat:.cm 5904 " The" eleva:b:.cn ‘ot 't:he orest wWas setiat

o 537+ Comtrol 'is’ provided oy four i 50=faot wide ‘stoney ga:tes oper-.u'-f_-‘j_fi"f’:'f -
- atod by ‘olgotrical hoists’ 1oea:l:ed in the: house: ‘above. i Tho; go.tas L

carg comterwc:.ghted ‘anithe ‘dovmstroan side’ ‘thus éliminating the"

counterweight wells in the plers. The; -piers-are 10 feet dn width . -

. .giving'a totil of: 230 feet ror the pa.llwa.y width sinside the

fraining willse = Grooves for stopilogs-are provided ‘in 'the piers ==

ups trean- of the. gate Wa:.ch will: allcw ‘the 'instellation - oi‘ cgbruom -

| ”tumlusteel stop logs: and; serv:.cmg ‘of “tho f,ates -without' lOuS of = 2

" power "head or river: regula'blcm, ‘The bridgo is.of " atructural

_steel with'a:concrete floor slab ‘which will-allow it to'be: Cane
- “ghruoted: w::bhou’c the ‘use of " temnomry ‘bents durm'f "aho d:wersioni”-f-'-

_’oi‘ 'bhe r:nror 'throug;h ‘the: ‘splllvm.,r struature. “*‘Slots cqvered with

;_-ﬁof a ii:.gh veldcity Jet flow:.n,g béneath “he rgate tﬁrcugh 8 na.rrow
" openting ‘end amder:full :reservoir’ ‘heade: The &ccuven'b:\.mal ‘designi. .

.Tor free Tlow.ovor thorerest: would praduoe B shapo wh:.ch allows
. the jebt ‘to'leavo tho:surfacc:end probably would eausa: oavrta‘b:.m]: "
umloss aemt...on ‘igy provn.ded. - The iplers were: sextended: upstream CRR
o obtaint better. flow canditicns iin: 'bhe naa.ghhorhood cf the ;gate*.
: -8lots wnder free' fluw cmd:.‘clqns.' “The ‘app
:va:t-.ed ‘to: elevo.t:.cm 515.‘

. , The uplif'b und.er the slopmg a.pr(m n.ll__ be: raliave by .-
‘use: of gu‘l:'ber pipe’ ildid on the foundatianand ,-.connec'ted to'; e;jeo'bor-
type ‘drains.: The ‘b“ansverse eorrbraction ; gom’cs Located 'in'ithe | !
middle:of’ 'bhe ga‘be -openings: glve tb.e~p;mr amore stab:.lity when

‘the: o'revst iis: cmlv partmlly -placed: during’ the" d:wem:.m sta.ge-

" The: tmminﬁ mlls ‘a're of the:oantilever! ""3@0 ‘and:are owor % \

" the tall wator coused: Lby w::brmno #floaéss Tho. d:.fﬁ;sman—typo:i&buokot
‘13 ro¢ermanded: with oxeavation of itho:ou ' ‘
4o tho -bap olcw.tmn oi‘ uhO d:.ffusiom 25‘blooks. 3




"‘he ta:.l wa:ber .f'or the h:.gher dlscharges mll cause

parbial su'bmer-ganoe ‘of ‘the orest, The epereting carditims: wh:.ch o

will bo most:common’will®findithe gates raised to; par‘bio.l ‘open=:,
ings and discharg;mg; ‘aihigh veloai.'by ‘Jot into a 'Iow il wator.
‘The extreme- differenoe botwecm l:hesc acmd:.’c-:u.tms malccs eit d:.i‘f:.-

- cult to design tholspilivay apr

of oncrgy mdor:all - ‘somditions, Thcreforc,-; it iis’ rocomnondod

" that a- difi‘us:.on bucko'l: ‘ot tio: 0-16. ‘of ‘a 8Yoping- a.prcn {berusod ko
S d:.sszpo.‘co ithe cnorgy. ,Wi.{-.h ‘Shasta’ Da.m providmu ‘some:. degree of
flood cantrol, ithe frequency of “accurrence of ‘the:maximum” flooc‘s
“is reduced and iit’ 1s,iuherefora, ‘believed’ 'bha.t splllway ‘design -
~should’be :controlled’ by the: gcmerally pravn.n.lmg ccmdiulms *i’or ;

e flows of 150 OOO secmd—-fec‘t: for 1oss.- ‘

I-I: :."‘al o bel:.aved ’chau tho occa*rence oi‘ fresh' o N
" Texd reck below ’she spz.l]way upron W'.Lll also pemrb e«cenomles :Ln__ B
"‘_-apron des:.gl. : S ‘ c '

Sprmg creeL s:.’r;e.--Sm.llmy con'l:rol As! fum:.shed"'by four

50~ by 83=~Toot high.stoney: ga.tes providmr»‘ﬂfs’corage +t _,.elevat::.m
"580, . Submergenco .ol 'bno crest
+.110,000 second-i‘ee‘b.

O ra.dlus of 70 feot o

- sused: for the os‘b:umto

i ,-scrb a:b olcva'blom 498.

jchs.tmel. The 'b,p of the tmmmg;wa

-:"eqL.:.'mlen'b to'n ta.ll-mter.uz-helg:,h fori185; 000~syeccu:|.d;fcnt dis-j-.":'/“

~charges The owr-a.ll length ofithe" spillwa.y from: ups’cream iface .
' of the welr 'bo ’ane ecnd of the! bucket ‘*13 220 faot.

Rock Creelf srbos.--Tho splllways at ‘-‘th;x.s"alocat:.m are jiden="

‘f‘bical excopt for oxeavation and’ concrote quentiticss Tho' ccn-isroi TR

~is furnishod: 2oy | Four 50~ by 50-foot: h::.gh stonay; ga‘bos ‘W}.lch i Pros=
s yide s‘corago tau eleva:blm 587 1r1'hhou'b ‘overtoppinge. “The: mx:.mn'x'

~discharge. of -250;000 :secand=feet ‘is obtoined:with reservoirisur='. e

Tacerat: pbout: elevat:.cm 589, The.crestiis: submerged by the: tu.il
L water-at elevt"blcm 5371 equn.mlont Tota: ‘discharge’of 205,000
‘secmd-fee‘h. “Tho: top ‘of ‘thoitriining wall’ i sobint: clcvo:blm

535 o 1ivalent to o toilewater: hon.w-ht for d*sclmrgo -0£7190,000; ” ‘
-sgeand=fcote “The: apron has: a. slope of:5 %0 1. and 60=fo0k rad:us‘

.8t the “junctian:of crest.and -apron, The diffusim-tucket datum »

' plane 'is:set at elevation 485:.vrith the ‘top of ithe: ‘diffusian blooks
- .end-outlet channel at.elevation 497, 'iThe “total length ,‘rom e 0
. rupstree.m facs o the end. of tho bucket 8" e.‘baut 228 fom:. R




Power B‘rbake and! Plant

The proposed power-plu.‘nt 1ayou'b used i:n these preliluu

na.ry P]e:ns {g.similariPor all sites. * The'ﬁ-layou'b shovm s believedl ’

‘to be the: most economicalfor the ‘proposad ‘bype 5T instellation.

‘which comsigts: -of 8 conerete: seroll’ ‘cese and 4 remformd-concre‘be e

‘imte.lce structure. Al‘bermte -estimates:were mado .o ,_:e.‘;tconcroto
gravity, section fori‘tho 'dam,"with steel: pans‘coc.:s‘,-; wrt:u.n:ﬁ‘orood
-concrote trashrack and: ‘coaster-’bypo gates ‘gt tho ‘inlets. !
‘studics showod “thettho: oprm-typc > ‘roinforood: concro*bo inta.Lo vms L

tho most’ ccmom:.co.l ‘onotoiusos: L s'beel pmstcck could be used‘:“i:,‘

arith tho: opan-ty'pe of, :m’ca.ce butiwould requirea; Nengeripower~ .
“house, requiring: graa:ter .width {in ithe powerhouse 'bays than ‘for. a
~gonorete scroll-cases” ‘Moreover, aisteel: ;pens’ ‘tockiwould require © -
~the: eenter line:of the iintalke: & ruc’cure to' be offses ‘from’the
. sontor line of ‘the- pcswer mit wh:.ch would ‘enuse the: power plan'b R
hto be—moved J’.‘ar-bhor m‘bo 'bhc ca.n.,ron walll a.nd_ mcroaso 'i:ho oxcava«-‘ co

: The power :m"l:ake CO'E.SI.Sta three: SB-foo't w:.de‘ a.ys,
“which is the required:spacing of unit ithe power pla.n'b syrdth
an.over-all.length of 204 feets . IThe :inlét floor is:at’ eleva'tlon
.535: a.t ‘the “upstream: endas  An: ecouomie :’cudy for .the: properfele—i
“vyation’ of sthe’intake; floor ‘based onigtability of: "'he :strueture. .

. and. excavation.of’ mtake chn.rmel ‘sheuld resultiin: some savings ERREE
~when £inal - des:.gns are: made. The dlsbancegiffrmn} he upstreami‘ace ‘

‘to the: dowmstream: side- of ‘the’ m’bake

gates of the: i':u.zed—wheel type:are; prov:.de _ e8,
ea.ch wnit which-are operated byoe traveling gant :_cvu-:d‘x'-aneérb'i“*s,bbu
75eton capacrby.. ‘Gate: ‘slobs: upstream of ‘the:service. gates also :
provide for-an: emergarcy.olosurce. :Tho: ‘uergoncyeguta -alobs: YY1

bo provided: “with rcmovableislot fillorsiwhich!improve ‘ho: hydre.ulz.c.':“‘"‘_‘” S

‘conditions 'in the intako. 'Arskimming:raciiis locatod . t ‘tho up-
-stroan. cdgo to provent! floatmg ‘dobris from ontonng “the forchﬂy

“pnd ‘1odging “banoath the bridgo:whero: 'its romoval dis‘difficulbe - .

‘The" trushra.clf has prov:.s:.ons i‘crr e ral.e and -brash sluJ.o‘_' AP
quired. L i L

_ The m‘ba.l:e s’cructure is. des:.gned to: ‘be stable under w.,.ul]. e
reservoir-heads: with: no' povrarhouse i place. - This will 1.1cwr :::h
to be used asia’ ‘dam: il the: puwerl.ouse is. com;plete. o
‘cut=off o recommended: stripping. ‘depths with a'bottom: _
‘feet-and gido slopes -of 1/4 %o ‘1ids, .providodrat the! upstream adwe. o
. The remainder of -the:structure is 4o beiexoavated o fivmiroeke
o The ‘factors: for- over‘tumm.g 2 shear—fr:.c'b:.cm fa.e'bor, and - other

; s‘bab:.li'by fa.c‘bors of ‘bhe suggested prelminary des:n.gn are’ high




and amply safe. I'b should be possmble o eliminate consz.derable
‘of the mass conorete  in: oons‘cruot:.on designs and: *ﬁst:.ll‘-provxde
‘ample’ sta.'m.l:l.'by. A siaglexrow of grou'b holes 25 ;
-depth aroiprovided: ider -the upstrean: out-ofﬂ. ¥ plift ‘is: oy
~relieved by rows<of: gu"“tor pipe 1aid»;;o:1 -l-.he i‘omdatlcm and dra.inad‘;_;_,‘\ o
6o \,ha pm-mrhouso "umpso R : L

The st&t:.on—»serva.c 3 powe w3 ed by:a:
volt line from’Shagte power: ‘ple.n‘c. Provision 'is'mede ‘in’ 'bhe
‘estimate for tliisiline s well as a! ‘ngh-tens:.m sw:.bchmg ste.
tion and transm:.ss.a.on line.. Excava:bicm ifor the powier. pla.nu s -
included’in the estimete 'in ‘the: recomuended pla.u of Hinitis)
struction, The completim of 811 excovetion: vhen the
eofferdams are:iniplace,: vould! undoubtedly reduoe tha 4l
coste °Tho emowit.of: exeavation iny proposed plans: o.twthe ‘Rack:

. Creek and Spring Creek: sitas wvaries in‘accordance:with “'d:.fi‘erencesf"’: .
“in :foumdation; cond.:.t:r.ons, to.:.l-qmter halg}“u and=.:dra.£"t' mbe elo-

' “vatione. "The" 'b'ulracc is e:cca'mtcd Lo

very slight: compared to. the':total COauS LMD
electrical ‘divisiam: prepn.red‘;,ae,«mdy

nade of the animal value of a plant: ocatod ‘o ;Sbrmg Greek or: ;'.:  4

" Rock Creek 'in terms: of “POVIOT. TEVENUB rh:;ch dindicates thatithe

additional’ cost of cmstmctlon ‘could et"absor’bod* ‘a :‘-fcmr vcars ..‘ : S

_Mr. Klght's SUmmRTY is.os Tollows:

o ’“Sprmg' Cruo}’ Vs Pook Creck Da.m Sl'tos

"From drmn.ng 214-D-497 tho ar::b:.cal mm’ch is August
' 1954 viith rcforcnco -topowor roqulrod from’ ‘Shasta ; povror
-plont,;7and tho :reservoir.roloaso: during this month is
: 240, 000 norosroct or: ani n.voro.e-o oi‘ 55870 scccmdi-foo
“tho- mnnth. ,5f"f :4;& S : '

"1a 000 second—feet a‘h Spr:mg Cresk 's:.te m. y
75,000 om0 o
113,000 sevond-i‘eet a‘b Foolc Cree’f s1ba 1..'11 ' prcduc

- 84000 wy 3 g T T
_';3 ‘870 saccmd—fea-b a.t Sprmg Crea.c ite‘z-ﬂill'ir’ luoe
225300 7. . T

- B,870. sacmdnfeet a.t RooL Grac}' srbe m.ll ; roduce

- ,' 2o 000 I:t'r. I ‘ L :




"The lcz.lowa'l:‘b-hour ,ga.i:n at Rock,CreeL aver: Spring creek

’ u'bd.sed o an e.vwage usu.ble release from Shs.sta of: 3 600 QOO

“The Roc;c Oreek s:.te ’i;for the ;power: plan'i:, tbherefora,

_has the Tollowing anwal-value in:excess. waf the a.nnual va.lueﬁ-‘ o

- ‘of! 2 plan'b o.t 'bhe Sprmr creelc srl:e-‘ R
"26 600 OOO kw.-hrv ;
It is wall 'bo pom‘b out: tha.t 'then.,dlfferenoes -‘J.n.-'bhe‘

leost .of operatlcm, amor'b:.zatlon, m‘terast -end: o*bhcr chargeable
cos’cs i‘or o:l:thor slto vr:l.ll be: small. 2 :

Spring Greek srbe.-—The proposed mstalln.t:.m would co*lsm't,_‘

of three :39, OOO—borsepcm'er, 9437 ‘TePele, " Frmclsntype ‘turbines .

_operating wnder-sn: a.pproxlm:te head of 180 feet :camedted: to ‘bhree;-"’ ‘
125,000=kVe=ts gemera:bors. “The: var:.a.t:.cm Am hea.d.!would ‘be fromsa
' reservoir elevatian.of" ‘590 ‘down’. ko ¢ elevatm_n 576+ “The" elevatlcm SR
.of 'the. draftetube floor is 475,. ;The: semca;-baj floor vms se‘bf, .

__‘elevatmn '560-and"is. ‘located aniai bs.ckﬂll*

“No rooms:were provided ‘below.elevition 560. The'sex?vlce atessin

" ‘the' “intake-arc epproximately 1= by’ 16.5 Teet highiof- 'bhe‘ Fixede
L wheel 'bype wh:.le tha emergencv ga.te 45 'bouu 'H.L foet _;Aby_,‘lg"‘«“foo

Rocl. Croek .;:.’cos .--M: Rock crucl. -bhu
',tlm would ‘bo-ithroo. 39; OOO-horsopuv:or, i

) ‘burbmos oporatmg undcr an-opproximato: hood ol 89 foot: andfcon-? G
-nected Lo three: 285 000~kv.-a,. generatorse | The variatian in;power: = =

‘head .1s" between, reservoir-elevation 587 down' o elevatian 576

“The: draﬁ:-‘bube ﬂoor isc¢ csetiat) e].e«va‘b:.on 463, The. serviue—ba.y
;*‘loor ‘is:atb: eleva.t:.oL 548> set-on.a’ ba.cl.i‘ill and exoavationisure. .
‘fa.ce w:rl:h 70 TO0mS below. T.',herc is: some ams.vatn.m iu 'E;he :n'bal:e‘f




cha::mel to eleva.tu.on 535;,',"
feet h:.g;h wh:u.le *the emergency ga.teds 14 fea‘b “ny 2

The olem‘olcms wommg tho dra.i"l: tube, sorvico ba.y,f{-; )
and othor: con’crollmg elovatioms ,,for tho 'powor plent at. Rock .
Crook: arc:sibjoet to change whanmore! authontic datararc avail- "
ablo to crmpu'bo tdilswator:surfaces. ' Tho? prosont olovat:.ms '
ba.sod on .. prodiotodli u:i*vo +0 'ba:n.l-mtor hclbhts.. ‘ :

. A:b -!;he upper Rockf‘fcreel'. sitmtha cu’c-of
. power ‘intake: structure:will: px:oba.bly ‘encownter ‘the )
Strongly: weathered :schist’ whlch_*cu'bs 3 aberally acto s the.si i
- Oubside-of some: deep ‘cuts, th:.s"..svmuld ‘presemt:mo; serious fotmdu-}_-ff ol
tion ‘trouble'mnd in view:of tho:deop ‘draft-tube- excovation'that =
. is required, will probably bo ont:.rol J romoved u:ndcr the pcwor-
-'-;-houso fo\mdathn. S e R FIRS AR S

‘.Fish Lauder a.nd Tr&ps

‘ The .L..I.Sh 1a.dder a.nd 'brapping faclln,ties ar- prcv:.dedwﬁ'
_ .to allow the migratory fish (mostly: salmm) .‘ |
. point.end-transported: %o spavmmg"beds oT habohery "“"Ihe.v
. layout’for:fish; facllrbles shown:on’drawings:is ‘simply’en ar‘b:.-,_.
Cdrarily: solected: plrm used s‘ba.a:ts ‘for:ostimated caste ma.l e—-
.signs, . studles, e.nd tosts to‘be conduc'befd m"coopemtlcn,f. : ‘
L sofy e Tadiocal: chang;es :m_e.‘de-
e ‘-ta:.l plens: wi‘ch possibly some revlsmns *m*es‘tmﬂ.ted 005G,
propoued pla.n prov:.des a.n overflcm ‘bype oi“l_a,dder co:n.s:.stm _,__,o'i‘
ormed ay no'l:ched &,bai'm :

-pool to the. nex’h., Tl'ié add.er his if'bhr“ .
by 'two 1800 bemds whlch. enables :‘L‘cj'to ga.m suff:x.e:.en‘b a.l'hi'tmde AR LT
. ‘w:.th:m the 1imits m. thc-%;sg:.llmy 1engbh. : The operatn.m;’:-r qu:.re-“ L

fﬁfeet Bre’ ra'bher severe. ¢
"be:between tho limits of:lito: 10 and

‘eisions to be made, ;Thossupply for:t AD;
through an “intake- p:r.pe connected to: t‘ue i f ]
by:a .gateivalive. .

‘ sm:.lar to f‘;_bhe e used a‘t:‘ Rock Isla.nd D&m.

_ hatchery. ‘‘The 2 .of %
.struetion: supporbed by co.mrete colmms ond “the' e.d;;acent wall&
The " looahm between tho: pm'-'crhouso ‘and v spillwa,{ placcs tha o=
: 'tranco ncar ‘hhc middlo of tho strcam whoro 1 will_ Lol thc mos-b i




Bt at‘cra.cti.ve to the fish. : I'h .15 .‘possible ‘bh.at 8" supplamenoal adis—
“charge may be requ:::red a.i‘ the 1adder mtrance to- attract ‘the f.l.sh- [T

;.Gunstruct:.m Prd.gram S

) There a.re 'bWo pertinant features '.of ’Kesvuc _;IJam_‘v
will have o dei‘m:u.te baarmg:onith" -cons‘-ructmnjprogmm: namel
. 'brapping; f:.sh a.nd regula.tlon 1. Ehe ' ‘

e 'L‘he fish tre.ps should be lin: opera:b:.on wh' ]

is ma.de a’c Shasta. - Dem inthe: spillwa.y ares. which: w:,ll_,‘prsv

T isdlmom “from:passing’ “that pomt ‘enroute -boﬁche :spavming beds

" The: Sha.sta Jem: cmstruct:.on ‘program: now :l:ndlca-bes ‘that: tra.pp::a.g
‘- Paeilities should be: completed 0y April 19~2. The opera‘tn.on ‘of,

L the trap necessitates a weir ‘or: ‘barriers RorosSs the ‘Tiver: of‘.,,abouti“":f

20" foet in‘height and the:ladder and frapiin: ‘oporatiom. :Hoisting.
“amd. loadmg facilities: :E‘or truck! ’cranspor'ha ion:must- -a180 be: pro~; -

o videds T also "Appears: tha.’c,;prov:.s:.m:tu for; rivar'reguls.tlm cf
;" diccharges from Shasta Dam:should be. ‘completed” by ithe ‘fall-ol -

1943, 1orithe spring of. 1944, “This:requires: comple'b:.un ofithe.
‘ -sp:i.llwav end i:nstalla:t:.m ‘ofvthe; g;ates‘.m.thx, icien

" capadity in the reservoir: ito.absorb the- surplus flaw. Th s tane
- -ticipated: that the ‘Shasta: powe'f";,pla::.u m.l_l ‘meet all; power demands_-j _
Cifor sevaral years aid it -appears there 'is o -‘econonu.c justlf:n.ca‘-,; ‘

“tion for the: complertum‘ o "l:he\heswzxcg pover; plant mtil all: of"‘“ :
, .the ava:.lable puvrer T _{;Shasta 1s, under ‘contrac’c, : SR

: The rlver-drver ion- prov:.s::.cms mus;. be suc

mteri‘ere withor- andang;sr normel ‘railroad: operatmn

-.._‘Soathem Pac:u:.c r-a:.lroad before lfovember of"?.194_1-,

.ownership- and. operatlon of the;road passes’into |the

“ the "Govermuents , This:: 11k cccmplishe
. nent: relocaticn ol ths’ ‘SoutherniPacificil: ;

" “cepted. After the ‘fall: of;1941, ‘the: ‘cofferdams: and requ:.red ‘Over=
-“low sections: of, the da_.m °mst be *kent Lowrenough 'y :

The t,erleral ‘
‘for an esbmace ls _gs"follcwa- X

s’cruet B cofi‘erda.m in'e he s.ras. 50 be : ¥

. the: poworhouso a.nd :urtake. Co‘:z_wcu 'bh:.s coi‘fardam to tne 161’.‘#
bank with upiand. dawnstream wring “dems. I Withithe: _r:.ver* passmg
__alo.« g tho: r:.g;ht 'ba.:.l. durmg tho" lowumater"’ crj.od of Apr:.l o




j ﬂovmbar. canatr-uct 'the spillway apron, Ppiers, “and’ t a.in:w W :.J.l)-
“to.roadway’ level-'amnple’ce the: cn:ulway ‘&pron tnd ‘the. lowar p.:.
“of ‘the orest, “the fishi ladder: end:traps, ‘aund the! 1 6ft-Abutn

- gravity: aeotim. Por the 'sectnd ‘staga, “eenstrueticoffordans B
“aeress tho right do.o" tho ‘ri‘vor which: v.onld sllow/cenitriction

el ‘bhﬁ pcmer in't:aLr.a_ wh:.lo ‘the fis.n ‘bmps woro he:mg ’JPC”O't'Qo
43 & ' '31;;:».1 no.,._ i

First-S'tage constmc-hzm - Spillway ané. Flslm«r.

' o ; L(a) Divar'b river .'e.lmw ‘bhe r:!.ght ‘ba:aJc by prov:.d:x:a[ o
,: oha.nnal o pass’ 15 000 secmduAaet by mean..,;of cellular or wim! n‘%' ;
ierib: coi‘ferdams Protac"l, “the . ;-ailroad grada: with: rocls-—f.‘n.l’h do

" Leribs ‘whoro! protectim may :bo:mo0eESATY, - Cormaoet HHhs ¢ c'*:n.nn

' fordam’ to- o "1oft bailk with: o\ ypebroan. cof fordam £o:about

U R -,r B ’)*rbelev’r&ion .:15_,
| '«-Afmmpleﬁo e splllvwsaprm: end’ bucket :and alao the. pie.' ‘ard
: ;‘i‘bra:‘..nmg Walls 0 ~'o:a.r.‘mmy J.evel- ; F R

Py (d) Ccmstruut f:.sh la.dder a:cxd tmps compl +
opemt:.on by Apr::.l 19&2. L ol Ay

: () The fa.rst-atage oms‘cruct:.cm. is7to be complet
_'bwean April and | }?uvevmber, during lowewster: stages.‘ ‘Remove. al:
- cofferdmns ’i‘or “hha h:Lgh-mater perlod of Hovember to. pm.l. e

R (a) In*‘tall _'h;_ghway br:.dge "aadﬁ ompl‘et_ accesa road fo
L -transportatim oi‘ i‘ish., 5 5 i

: : 'b) 1’:1 .Aprll 194?, oons*bruot coi‘ferc.a:ru ”t;o r:n.ght abute
me:'t frm:i‘lshmy supstrean. cofi‘ardam tor;.clev&tlm 550 and,dcvm
~stream: coi‘z erds.m to elevati ; )

. (o) Incroase wa:.r .1e;.ght .for cpemhmf of . i":.sh traps by
_mstalling abou’c 20 fec'b of structural—steel s'bop logs in: grooves
jwh:.ch are prov:.ded in Jcha splllua'f plera. R ‘




(d) Operate the f:.sh tmps"' e

(e) mwa.ter, emva'be i‘or,'.,e.nd' cmstmc‘c the pmer vm- __ef:f: L SR

j'ta.ke struoture ‘and ¢ enough“ T povre "la.nt ‘Lo d:l.spe.use vribh the
dmms‘hream cofferdam. S :

_ (f) Remove ooffardams wemd pas
'atmc'&u?e, a8
:upatrea:m p:l.or nasos,

' F.’oomplctod. e

: Rock CreeL s:.tes.-—The ccma‘bmctw.tm program i
ool s:mu.lar “to: Snrmg COreek: ,;;_.: _
= coi‘ferda.ms. :The: oha.'n:;el ‘capac z.as e.nd time elements would 'ba\ LT
___,'bhe same 88 for Sw:m'r

' ple'be. Af'ber the {'.raaks u.re remov" tha port:.cm occupied k R
~roed bed,: accessaraas, and ‘ropds would be! e:—-cava'ba ard the: 'L'mo-

?'bure cm@leted.

Lhtcria.ls and :,Estimted I:Enit ,r:.ces

| : The uni oosts used *:Ln ’ch:.s estz.mte-é'fo‘ ‘cana;
riale 3 were based- onithe:a \mrgmm:ﬂmt..‘agaregates‘r uldibe ;eups
~-plied from the :same: isourge asithe: Shaata Dan. aggrogatess :Conorot
:,_agrrrega’cos would 'bc tra.naported, fmm ‘some’ ﬂonvmient poin’c oo “bhe
‘belt=eavoyor ;systam! by -truelks ~or by~ ra:.lroa;d -ff:exn the sourge
rnoarost ‘to the :Keswick:sites | No: study wasimaido tc d orming
~ention foran:untondingiynrd: or: rm:!:bcn n;oar‘ ho ;si%o.ns ithis
3 .‘will dopmd ‘an tho; si*i;c aoloo 3 Amproy
- \several miles -of i:iproved highmy Cr tran
-and: forraocess‘ : ,

erease iin emmnudi‘aws.- “The ; canerete-mwrml ccsts ‘aro: .sinilar
to:Shasta with' -approzimately o 10-porecn'b :inoroasoc :for cost ‘of.

,mtera.o.ls. meo.vuﬁczon ~quantitics oro: ast:mn’cod as; melass:.i‘xm_
‘baeause: availablo: ‘dotadid pot. ‘pornit:sn ascurnto: claas:.ficatlm

;'of oxeavatlrm. Tho conatruct:.mmrngm wlneh md:r.ca'bos that_'bho |




the gﬁtos; mxd.f:ho:z.sts;
Wolr: u:a.d camplotcfwork ;

Rook CreeL rrbes.--The ccmstmcta.en zprogram Ior' 4
‘18 ,smﬂar ‘o :Spring | creel:-e:fcept _for tha necasaa.q. el

cof‘ferdams. ‘The: chammel .capeici

"bhe sa.me ‘a8 i‘or SPri.nb craaza

:pleta. A. or 'bhe tmoks"!_«fare rsmaved, ‘l:he-
- -road bed,. access area.s, ‘end be
g .'ture cumplei‘.ed. S

) r:.a.ls were baéed .00 -t:he aaa\mwblbn tha‘b ag-&.,remf*b\a :co_ufid ‘bé -mg_o- o
T';pl:r.ed ‘from the same’ source :asiths Shgsta VDam a.vgregatesa Gmmue
i gr‘reg&"cca wuuld be tranapnrt ‘i‘-rqmesono } et

: : ‘ ~s'hudy e mdo

cotion’ for an; unlaadin yurd ‘ mtchjn

"W'lll dopcnd o 'h_ 8k _ ;

ng: e neuessa.r'r' 3:0 ‘b‘uilu
sevev-a.l miles oi‘ :hqpraved, hiaimv for-'*ms_portatlm L

d To csoss: to uhﬂ da.m.

oroase in - camoditicse The ‘conerctommmn bor:.o.l eosts ; milke
To :Shasta with uppro:ximﬁely o lO-pomunt ineroasne £ ast.of.
mtcrio;l.s. ,‘E:::cam‘i:ion quo.n 1‘!:108 o.ro oat:.mted as mmlassn.fmd

Jbecuuso o:vaﬂn.blo




oxtm fac:.lrLJ.cs tha"c mg;nt fin
*"tho matcra.al :m 'bho short

'conuractors r.‘.cperatmg in th:.s v:n.cnﬂ::ty could

,.prof:.tably hemdle this: v'ork for. cons:.derabl”i?less than est:.matod

" ~prt:ﬂ.:abl},1r as: much as; 25 pomen“c 1;355. Huch .of 'tho avalla.hlo‘; lla.u

'sorlously' mterfcrmc' m:bh ‘presenu operam.ons A

- crete: aggrogate and: mtmg-plan‘b*fac;lrb:x.es.

| -,e.bly Tow 5idse Tt is also. pmbable £hat some. camgietztlm'm_gnt
_‘Z'be ellmma.-bed by & Jomt b:.d :E‘rom +the' two. arge co*rbractmg", firms

.}"co bc as’ extans:.vo as tl..at roqulrod :['or' n h.'.l.:,h dm :;-?j
tiem o bo obbainod- should: provide “tho: rcqu:r.rod" opth oi‘-‘woava

' tion ‘for;an adcouato.cub~ofl: undcr'-"‘thc upstromn:

prossurcs:willibo compa.ra'h:.voly”l

- wall :.oo’cm,,s, -norbrouble. should ‘bo !

. guatoe; i'mmda'blon at: strlppmg dep'bhs overi*mS'c of! the: area..
Drild holes “Bor defa.:ae the dsp'bhs of 50 eathered rock: zones PR




: tmd test "p:.tsfito determin "'s‘ar:.pping an‘ class:.i‘m ‘tlon“of exca—
vatlcn sbould be! ample' for desigz purpnses :

o ‘ET‘o:Pog.r‘a;ﬁhy'::a.fd'eqﬁalfﬁ
\at all s:m:es.‘:fﬁ'
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