10

HYD

u T

1

HYD

HYDRAULICS BRANCH
OFFICIAL FILE COPY

HYDRAULIC LABORATORY
RS OSSR SR O BT

4+

UNITED ST. TES
DEP..RTVMENT CF THE. INTZRIOR
BURE/U OF RECLIMLTION

HYDRAULIC L:BOR/TORY REPORT NO. 10

LT¥ITS OF RIPR/P CN RIVER P/NKS BELOW T.ILR.CES OF
GR/ND CCULEE D.M
COLUMEI/. BLSIN PROJECT

By

J. W. Ball 3
J. E. Warnock

Denver, Colorado

Lugust 12, 1936



UNITED STATES
DEPARTITENT O THE IMNTERIOR
BUREAU OF RECLAIZ.TION
FF'ORT COLLINS, COLORADO
August 10, 1936

MEIIORLITDULI TO CHIRI DESIGHING ENGINELR
(Je Be Warnock and J. ¥, Ball)

Subgeeits Limdits ‘of Riprap on Riwvier Bamnlss bellew Tailiraces of
Grand Coulec Dari, Columbia Basin Pro joct.

l, In compliacnce with your verbal instructions of Junc
5 in whieh yeu reoferred te dEem 8 of the report of the beard of
consulting cngincers of April 6, 1936, the modol of the ultimato
dovcloprniont of the Grand Coulcc Dam wizs roinstalled in tho Tort
Collins laboratory and actucl testing was corrmionded on July 21,

2. The April 16 rcport of the board on this subjcct is
as follows:

"Item 8 - Limits of Riprap on River Banks bolow Tailraccs.
In our study of this iftcrm, wé have looked ower, in such
dctail as timo has permitted, the results of the TFort
Collins nodcl cxperiments bearing upon this problom.
We havo also inspccted on the ground, the general condi~’
tion of the banlts betieen tho dam and thée highwoy bridgo,
espocially on the west side of the river, taking notc of
the meone reecent £ills aliong this beanlz, and their gencrail
condition as recgards charactor of material and slopc,

In the light of thc rosults of these model experincnts
and 1n the cxercisc of our best judgacnt othcrwisc, we rccom-
nicnd as followss

(1) On the west side of the river, riprap protcction
threce foct in thickness, placed gencrally betwecen tho limits
of olevation of 950 and 1000 and cxtending for a niminum dis-
tanco of 1500 fcct downstroar from the cnd of the vrescnt
tallraec riprap.

(29 #s o protcction to the bank ncar and just abovo the
highway bridgo picrs on the cast side of the river, and es—
pocially as a safcguard against any cutting vihich night on-



danger pler No. 1, we rccommond the present placing on tho
cast bank, of riprap of the samc thiclmess and betwecn the
same limits of clevation, from the bridgec pier for a dis=
tancc of 100 fcet both upstrcam and dovmstrcen.,

(3) We rccormend the sctting up of a model sinilar
to thot with which the studics thus far have been nade, but
of such lenzth as to indicate the character of the flow for
o distancec of somc 2500 feot dovmstrearn from the present
riprap linmit; and the conduct of such cxperimients as shall
sieiacitiopsndbicatclibhc, chagalcizer ot iEhic fllew eVer o IRHS;EHs
streteh of this length, or approximately between the dam
and the highvmy bridgee. ¥e rccerriend further that con-
sidcration bec given to such additional riprap protcction on
cither or both sides of thce river as thc results of these
tests may indicate to be ncedful.

"In comncction with this riprap protecction, wec nay notc
that, with the lorge amount of sealing which has déveloped as
peelessanyimtihic casit epfifiordamiand abutnent a@rcalsh) aund fizem
other cxecavations yet to be made, therc will be availcble an
abundance of rocl: for such purposc and for the placing of
which it appecars probable that arrangeoncnts can be made with
the contractor at a low cost."

3« Thc model of the ultincte development of the Grand
Coulcec Danx to a scalc ratio of 1:120 had been originally con-
structed to assist in the developrmient of the nrotcction at the
toc of the dam, but had been dismantled to provide space for the
study cf the diversion of the Columbic River through tho west
cofferdan arca. In the ncw installation zbout 5,000 feet of river
bed dovmstrean from the dam has been roprescnted with the tépography
up to clevation 1075. Highway bridge picrs 2 and 3 (fi;.l), con-
structed of shect metal, were included in the first twe t ests. The
tonography (plates 1 and 8) was molded in finc sharp-groined sand
of which 100 percent passcd a teon=mcsh screcen. The topography weas
reploced at the beginning of cach tost by the use of the profile=
graph which was cspecially designed and built in the laboratory
for that purposec. Thc riprap, when uscd, woas o hard erushed shale,
screened and nixed to conform ns nearly as possible to the roclc size
specificd in a letter frohn Consfruction Ingincer Banlzs to the Chief
Engincer, dated October 3, 1935, which says:

"In rcsponsc to the request in your letter of
Scpteomber 20 on the above subjcet, we would advisc
that the gradation in sizc of the riprap actually being
uscd for thc protcection of the dowmstream side of the



tailrace from the west powerhouse; is cstimated as
followrse Two estinctos arc given, onc for rock cx-
cavated from the west abutment, and the other of reck
cxcavated from the floor of the west foundation. The
rock from thec west cbutment is broken up to smaller
siiiZicisls) pesishibly, beecaiisic the brealzing up efifcel of
blasting is supplenented by a similar effeet due to
fallimg from the steep and high abubtmewt.

Rock from Rock frem fleer
West Abutmient of West Foundation

Dust to-%” 5% 2%
1" t5 1 cu.ft. Lo% 20%
1 su.fbe 8 1 cu.yde 50% 70%
Over 1 cu. yd. 5% 8% i

The riprap material used in the meodel had a met- demsiity of 15
pounds por cubic foot, with an analysis as shown on figurec 2. &
concrcte slab wos placed imaediately below the bucket cxtending
360 foct downstrcam to represent the rock at the dansite,

Li. Prclininory tosts on this nodel woere witncssed at
the timc cf its complction by Ingincers Hamond and Hornsby of the
Denver office. In these prcliminary tests, no riprdap was placed
on the slcpes of the tailraces. With a flowr of 250,000 sccond=-fect
over the spillway therc was no novement of the sand along the river
beaumlzs ether than a slight setitling caused By 'wave action aleny the
shorc. As the flow vms increcased, a large, slow-noving surface
eddy developed in cach tailrace resulting from an "cjector action"
produced by the high-velocity water at the d ovmstrcom cnds of the.
spililway training walls. The eddies were resvpensible flor sewere
crosion of thc tailrace slopes at or ncar the water surfacc. Thesc
could be partly clinminated by operating all turbinecs in the power-
liomiseisy;y buitly, isinee Ehils| is net praebicail it wasl not jconsidered @
feasible sclution.

5. Upoen the ceompletien of the preliminary tests, the
topography of the river bed wms restored to its initial shepe
(plate 1)s The tailracc slopes werc covercd with riprap ten foot
thick at the base and three feet thick at the tep ncar the pever-
housc roadway. This is according to the original rccommendations
of thc Board. Riprap limits for test 1 arc shown on figurc 3 (the
dovmstrecam limit in the west tailracc was that determined by tests
on the 1:120 Grend Coulcc diversion model). - The tailwator-dis-
charge reclationship wes naintained during any inercasc or decrease
in dischargec. The gates worc opecrated to maintain an approxinate
reservoir clecvation of 1288, The tailwatcr élevation, obscrved
irmediately upstrcam from the highway bridge, was regulated according



to the rating curve on figurc L, which was also uscd for provious
tecsts on this same modél. “Bach’'test was divided into Tour runs
with discharges of 250,000, 500,000, 750,000 and 1,000,000 sccond-
fcets The following table was adhercd to in nelcing the tests and
the river bed was not disturbed between runse.

. Llodel tine t
Discharge i- to attain : Duration of Discharge
Scce I'ts # Discharge * $  liodcl E: Prototype
i s—Hours. Tilinubes;:s Hours llinutess BDays i Hours Hnules

I R R e e = B = B e

250,000 : 0 22 2 I 0 I 0 3 2l =" 55
500,000 0 : Lo 3 0 & e 52
750,000 0 52 5 0 2 6 L6
1,000,000 i 0 % ; 0 ; 3 ‘.'- Ly L

L]

" " 5 "
- T r v

* The samc times worc uscd in reducing to zcro disckarge.

6 Cross-scctions were taken at various points along
the river for all ruas cxcept that with a flow of 250,000 sccond-
fecete Thesc sceticns are shorm on figures 5 to 12 inclusive.
Bricfly, thc resuits of tcst 1 arc as followss

(a) TFlew - 250,000 sccond-fect (plato Te)e During e vum ef
two hours on thc model the riprap was not disturbed or t he banks
noticcably croded. The usual rcarranging of the river bed occurred
cxposing thc rock surfaoce ot 2 point 180 fect dovmstrean from the
right ond of the spillvay. Tho top of the mound in this viecinity
(figurc 5) was moved a short distance downstream.

(b) Flow - SOO OOO sccond feet. Lfter a run of three hours
thic crosion incroased dovmstream from the bucket. The wave action
attaclzed the river banizs but soon reached a stage of stobility,
ceasing to do further damoges The toilroce riprap vas disturbed
but wos not carried away (plates UB and 5B) and slight crosion

oceurred at the bridgec piers (plato éB).

(¢) TFlow - 750,000 sccond-feet. The wave action becamc hore
sovere and considerable crosion occurred along the river banks, par-
ticularly where they werc steep (plate 2). The continuity of the
tailracec riprap was brolen by the wave action and a r oturn flow
along thc banlt deposited very finc sand on the slopes in frent of
the powerhouscs (plates LiC and 5C). A portion of thc riprap at




the foot of the tailracec slopes vms disturbed and dceposited
imcdiately dovmstrcar: from the lip of the bucket (platc 2).
Zrosion at the bridge incrcecased cxposing the top of the rcetangular
Boojtimy CiNSEcING (plabo 6C). The length of the run wos five hours
(rdel time).

(d) Flow = 1,000,000 sccond-fcct. Very scverc crosion
occurred for this dischargec. The 'run at this discharge was ter-
nincted after o scven-hour period, as movenent of the bed material,
cxcept thet caused by wave action (plate 7B) prectically ccascd,
The tailroce slopes were scriously croded and large piles of sand
were deposited in front of the powerhouscs, (platcs LD and 5D)
but no sand wos deposited in the draft bubes. Lrosion of riwver
banks ncar the highway bridge picrs was scverc but did not cxnesc
the tops of the two footings (plate 6D).

e The thiclmness of tailrace riprap according €6 the

pregent design is insufficicnt for floeds greater than 500 000
sccond fect. To protcct thc river banlks imacdiately below the

cilraces for floeds of tiiis masmitude, it appears to be ncces=
sary to cxtend the rinrap at least 500 foct dovmstrcari,. Ripw
repping of the riwer bazk behind hishway bridige pior 2 is ncces-—
sainy for the protcction of picr L. After cercful study of the
results obtained from tcst 1, particularly those for the maximum
discharge, gincers Heormond and Hornsby rccomicnded incrcasing the
thiclmess of the riprap as well as an cxtension dovmstrcame The
soaloyctal ppin of both tailraces (fijurc 3) was cxtonded to the ond
of the 25:1 cxcaveted slope ond o uniforn thickness of six foot
was uscd betireen cleva tlon 950 and the cdg ge of the roadway and to
a lIamit of clevation 1050 at the lower end. The other Limits of
tlulsl Ehiilelsncss wWere Gl point of curwature of tlic H:l sleope end ithe
end Soft e 2%21 cxcavaeted slope. From the p2int of curveturce on
e 518 1L glepe, e SEaee eeeupiediioy Eae & died ok Tme Hed e uliee
salsivalech igc alchtinsiiEiie) oRatEitaal fHnilclznelsis] mftlceNicds mecapie
aiblisentMend o B clachl itokNace [ash indilceted on'  fignrc il The calsit
powecrhousc rocdway was ploced on o four porcent grade to protcct
it freomttlhc wave action during large filloodsl, The night banls at the
highvay bridge was riprapped between clevations 950 and 1050 for
c. distance of 100 fuet upstrecam and dowmstrcam from the nosc and
tadl of pier 2. When these changes were incorperated in the model
(platc 8) the sarmc proccdurc was followed as for test 1l The ro-
sSikFsNORRGESERENEEdhcETed! ithskt) fElie IapRaiplvEisiisiattl  dnstsRiEtchlcmiENEo
withstond the wave adtion at fhe higher discharges. Botter condi-
tilofis werc prevaleat, however, for aluchargou up to and includin?
750,000 sccond-fcct (plﬂtos 9 to U, inecl., and fizurcs 13 to 20,
incl,). It is belicved thot cdditionel thiclmess along the upper
IkEatis oMt icekiksaiclcNsilion el okl Stlichcrasculstoni o f Sehici s sRaio O NG
noint farthcr dovmstrecon would 2id in resisting this crosion, but
would not completely climinate it. The threec feet of roelk on the
right bank ncor pier 2 is sufficient protcetion for discharges up



t6 750,000 sccond fecot, Indications iwrerc that with o flow of

1,000,000 sccond-fcct, crosion wrould cndenger the cad bridge

picrs (platc 14). It is intonded to verify this belicf by tosts

UsHngE a clomplicte Seit of brictzel piehsk, Deskign: deizaullisi ciisahe

cnd picrs werec not available until after the complction of test

2 thus precvonting the inclusion of that dota in this memorondum,.
8. As o protcction against the scverc scour condi-

tions and the high wave action provalent in the stilling pool

ﬂt the higher disehzngesf as 1ndlc vted by the model, tho followring

suggestions are indes

(a) Plece riprap protcction approximately five fceot in
thickness on the west river banlz, betweon clevations 975 and 1030,
oxtonding approxinately 1500 foct dovmstroan from the cnd of the 25:1
cxcavated slopc.

(b) TIncrcasc thc thickmness of the riprap on'the west tail-
racc slomes; used An test 2, fronm six to ten feecty bebtieen cleva-
tions 975 and 1030, cxtending Ifromn a polnt 300 fect uprstrecanm fron
tlich clhzvichcanacemmps e Feil anittile 23.1 slopcs to thu c.ovm~
strcam cnd of the latter slopc. It is belicved that riprap thus
placed should be bonded by :mortar or somc asphelt COJpOund to
HBElg Gl TS WOty BE The | EiiEre REhe fEElem

(¢) Place riprap protection five fcet in thicimoss on the
ast river banlz beewoon clevations 975 and 1030, cxtending anproxi-
motely 500 foct from the dovmstroan cnd of the 25:1 oxcovated
taENraicesilionce s smailiNameoumbNo clddsibannslliNc e aveisnmn ol be
nceessary to properly place this riprap.

(d) TIhcrcasc thc thickness > the riprop on the cost tail-
roce slopes, used in test'2, fron 6 to 10 feoct,betircen clevations
975 and 10350, cxtending; from a piint 300 foct upstreom from the
cuRveNconmelcibinyg Slie) BEN and t7o 80.1 slopcs to the dowmstrcom cnd
of the latter slope. It is belicwed that this riprap showld also
bc bonded.

(¢) Placc rinrep nrotection five feot in thickness in the
vicinity of bridge picrs 2 ond 3 boetwcen clevations 950 and 1030,
xtending 100 feet upstream and 100 foet dowmstrean from the cx-

treome limits of the picr boasc.

9, 4ill the features in paragraph 8 arc being in~
corporatcd in the model at the prosent Time inecluding o complete
sct of bridge piers. The results will be ferverded to yJu before
the conclusion of the :icoting of the Board.

T



10.. It is deciicd advisable that you, and if possible
the nmenbers of the Board, visit the leaboratory in the ncar fue
turc to inspcet thc modecl in opcration.

J. B, VWarnock

J. .. Ball

~1



UNITED STATES
DEFARTMENT OF THE INTHFRIOR
AUREAU OF RECLAMATION

Branch of Design and Construction Laboratory Report No. 10
kngi neering and Geological Control Hydraulic Laboratory

snd Research Division Compiled by: J. ¥W. Ball
Denver, Colorado Reviewed by: J. E. Warnock

fugust 12, 1936

Subject: Limits of riprap on river banks below tailraces of Grand
Coulee Dam - Columbia Basin Project.

1. Test 3, containing the features noted under paragraph 8 in
our memorandum dated August 10, 193b, has just bean completed and part
of the data is rresented herewith as a supplement to the progress
report contained in thst memorandum. Data corresponding to that taken
for previous tests was obtained. Time does not permit its entire com-
pletion so =28 to rsach you before the end of the board meeting and
thus a short discussion, with pictures, will be pressnted at this time.
Cross-sactions of the river bed will be available in the near future

and if requested can be furnished sach member of the board.

2. The features, except parts (b) and (d)., outlined in paragraph
8 of our memorandum dated August 10, 1936, were followed explicitly
(plate 15). In parts (b) and (d) the thickness of riprap between the
points of curvature of the 3:1 slope and a point 300 fesat upstream was
made variable instead of a uniform 10-foot thickness, figure 21, rlates
19 A and 20 A. As this difference occurred within the region of bonded
riprap this change had no effect on the results. Furthermore, if bond-

ing 1s used the 10-foot thickness of riprap will not be necessary.

2, The results of test 3 are contained in the following discussion:
(a) Flow 250,000 second-feet. WNo movement of material
was noted other than the usual rearranging of the river bed

just downstream from the bucket.



(b) Flow 500,000 second-feet. The erosion immediately
downstream from the bucket was increased. Some erosion due
to the wave action was noted on both banks and immediately
downstream from the sections of bonded riprap (plates 16,
19 B and 20 B). In general ths conditions ware the same ss
in tests 1 and 2 (plate 16).

(c¢) Flow 750,000 second-feet. With this discharge the

ri prap alongz the lower limits of the 2%:1 excavated tallrace
slopes was disturbed such that the bonded sections were under-

mined (plates 19 C and 20 C), otherwise the conditions =slong
the tailrace slopes were much improved (plste 17). Slight

improvement was also noted along the banks below the tailrsaces
and in the vicinity of the bridge piers. A smsall slide, which
was probably due to the steep slope, was noted near pier 4 and
the west approach to the bridge (plate 21 C). FExtension of
the area of bonded riprap on the tailrace slopes wouli serve to
prevent undermining at the lower edge.

(d) Flow 1,000,000 second-feet. Continued undermining of
the bonded riprap sections was noted (plates 19 D and 20 D).
The erosion became more severs but did not reach proportions
comparable with those of test 1 and 2, (plate 18). Some sand
was deposited on the tailrace slopes immedistely downstream
from the spillway end of both powerhouses (plates 19 D and
20 D). The riprap on the banks of the river at the ends of
the highway bridge was not washed away. That near pier 1
settled slightly but was not overtopred (plate 21 ). Near
pier 4 and the approach considerable settling was noted.
The riprap settled below the water surface, sand was washed
away and the footing exposed. The top of the ractansulsar base

on pier 3 was also exposed.

J. B. Warnock

J. W. Ball
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PLATE 1

LOOKING UPSTREAM.

LOOKING DOWNSTREAN.

INITIAL RIVER BED FOR TEST 1.



PLATE 2

LOOKING UPSTREAM.

LOOKING DOWNSTREAM.

TEST 1
RIVER BED AFTER A FLOW OF 760,000 SECOND-FEET.



PLATE 2z

LOOKING UPSTREAM.

LOOKING DOWNSTREAM.

TEST 1

RIVER BED AFTER A FLOW OF 1.000.000 SECOND-FEET.



PLATE 4

BEFORE 1'ES'Y.

AFTER DISCHARGE OF 500,000 SECOND-FEET.

AFTER DISCHARGE OF 750,000 SECOND-FEET.

AFTER DISCHARGE OF 1,000,000 SECOND-FEET.

TEST 1
EROSION AT LEFT TAILRACE.



BEFORE TEST.

AFTER DISCHARGE OF 500,000 SECOND-FEET .

AFTER DISCHARGE OF 750,000 SECOND-FEET.

AFTER DISCHARGE OF 1,000,000 BECOND-FEET.

TEST 1

EROSION AT RIGHT TAILRACE.



PLATE 6

BEFORE TEST.

AFTER DISCHARGE OF 500,000 SECOND-FEET.

AFTER DISCHARGE OF 750,000 SECOND-FEET.

AFTER DISCHARGE OF 1,000,000 SECOND-FEET.

LOOKING UPSTREA .

TEST 1
EFFECT OF FLOW ON RIVER BANKS NEAR HIGHWAY BRIDGE PIERS 2



UISCHARGE OF 250,000 SECOND-FLET.

DISCHARGE OF 1,000.000 SECOND-FEET.

TEST 1

FLOW CONDITIONS IN RIVER

- LOOKING UPSTREAL.,



PLATE 8

LOOKING UPSTREAii.

LOOKING DOWNSTREAL .

INITIAL RIVER BED FOR TEST 2.



LOOKING UPSTREAL.

LOOKING DOWNSTREAM.
LY &

RIVER BED AFTER A FLOW OF 500,000 SECOND-FEET.



tddal o AV

LOOKING UPSTREAM.

LOOKING DOWNSTREAM.

TEST 2
RIVER BED AFTER A FLOW OF 750,000 SECOND-FEET.



PLATE 11

LOOKING UPSTREANM.

LOOKING DOWMSTREALL.

TEST 2
RIVER BED AFTER 4 FLOW CF 1,006,000 SECOND-FEET.



PLATE 12

BRFORE TEST

AFTER A DISCHARGE OF 500,000 SECOND-FEET.

AFTER DISCHARGE OF 750,000 SECOND-FEET.

AFTER A DISCHARGE OF 1,000,000 SECOND-FEET.

TEST 2
EROSION AT LEFT TAILRACE.



LATE 13

BEFORE TEST.

AFPER DISCHARGE OF 500,000 SECOND-FEET.

AFTER DISCHARGE OF 750,000 SECOND-FEET.

AFTER DISCHaRGE OF 1,000,000 SECONL-FEET.

TEST 2

EROSION AT RIGHT TAILRACE.



BEFORE TEST.

AFTER DISCHARGE OF 500,000 SECOND-FEET

AFTER A DISCHARGE OF 750,000 SECONDZFEET

AFTER DISCHARGE OF 1,000,000 SECOND-FEET.

LOOKING TIPSTREAL

TEST 2
EFFECT OF FLOW ON RIVER BANKS NEAR HIGHWAY BRIDGE PIERS 2 & 3.
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YLATHE 18§

LOOKING UPSTREAM.

LOOKING DOWIMNSTREAA .

INITIAL RIVER BED FOR TEST 3.



PLATE 16

LOOKING UFPSTREAM.

LOOKING DOWNSTREAM.

TEST 3 - RIVER BED AFTER A FLOW OF 500,000 SECOND-FEET.



PLATE 17

LOOKIRG UPSTREAM.

TOOKING DOVINSTREAM.

TEST 3 - RIVER BED AFTER A FLOW CF 750,000 SECOND-FEET.



PLATE 18

LOOKIKG UPSTREAM.

TEST 3 - RIVER BED AF¥TER A FLOW OF 1,000,000 SECOND-FEET.



PLATE 19

BEFORE TEST.

AFTER DISCILiE:

AT Oor 750,000 SECOSD-YEET.

TEST 3 - EROSION AT LEFT TAILRACE.



BEFORE TEST.

AFTER DISCEARIE OF 50C,000 SECOND-FERT.

AFTER DISCHARGE OF 760,000 SECOND-FEET.

AFTER DISCHARGE OF 1,000,000 SECOND-FEET.

TEST 3 - EROSION AT RIGHT TAILRACE.

PLATE 20



BEFORE TEST.

AFTER DISCHARGE OF 500.000 SECOND-FEET.

AFTER DISCHARGE (F 750,000 SECOND-FEET.

AFTER DISCHARGE OF 1,000,000 SECOND-FEET.

TEST 3 - LOOKING UPSTREAM -~ EROSION IN VICINITY OF BRIDGE PTERS.

PLATE 21
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