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Reviewed by: J. \V. B a l l  

Subject : Operating ins t ruct ions  f o r  mooring, sinking, and re f loa t ing  
t he  Grand Coulee face caisson as determined from hydraulic 
model studies--Columbia Basin Project  . 

PURPOSE 

To describe the operating procedure f o r  mooring, sinking, and 
re f loa t ing  the  caisson for  making =pai r s  t o  the  spillway face  of 
Grand Coulee Dan. 

CONCLUSIONS 

Ins t ruct ions  f o r  mooring and sinking the  caisson: 

1. Tow the f loat ing caisson by tug o r  -crorkbarge i n t o  
approxixiia'c.e pos i t ion  a t  the f ace  of the  spillway. 

2. Attach t h e  peaking l i ~ e  and l a t e r a l  control l i n e s  t o  
anchors on the spillway face ( ~ ~ g u r e  1) .  

3.  By using F i y r e  2 ( ~ ) ,  f i l l  t he  upper tank t o  an amount 
not  more than t h a t  shorm by the  dashed C w e  (a) i n  Figure 2 ( ~ )  
f o r  the existing riverrvater eleva.tion a t  the cairson location.  

Note: l 'he upper tanlc must be f i l l e d  t o  an amount - 
near t h a t  give11 by the dashed c w e  t o  maintain su f f i c i en t  
wheel. load needed f o r  l a t e r a l  s t a b i l i t y  of the upper end 
9f t he  caisson. Srnall negative tilt angles nay be encoun- 
te red  during t h i s  operation a t  the higher r iverwater surface 
elevations.  

Example: If the  r iverwater e l e r a t i on  a t  t h e  caisson 
loca t ion  i s  9kl. feet ,  the  maxbaurn water t o  be placed i n  t he  
upper tank during mooring, based on dashed Curve (a) of 
Figure 2(~), is 40 percent. Water is pumped i n t o  the  
upper b a l l a s t  tank and, s ~ t a n e o u s l y ,  readings of t he  
head, 8, i n  the  tank and a g l e  of tilt are taken. l3y 
using Figure 2(C), the amount of water in t h e  upper tank 
is determined and no more than 40 percent i s  pumped i n t o  
t h i s  tank f o r  a riverwater e leyat ion of 9kL f e e t  a t  the  
caisson location. 
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lower  tank t o  an amount shovm by curve i n  Figure 2(8) f o r  tb 
exis t ing r i v e m a t e r  elevation. 

Note: If t h w e  i s  appreciable leakage of water between -. 
the  three conpartnents of the lower ba l l a s t  tank, t he  three  
conpart~nents w i l l  have t o  be f i l l e d  simultaneously and 
Figure 3 used t o  determine the  amount of vnter  i n  t h e  lower 
b a l l a s t  %a*. 

Caution: After t h e  mgle of tilt has reached lo0, 
-I_ 

further f i l l i n g  should be done very slowly a s  s m a l l  addi- 
t i ona l  a13.our.t~ of  va t e r  rapidly  increase the  angle of tilt 
(~igure 4). 

E x m l e :  If the riverwater elevation i s  941 feet a t  - 
the caisson location, the  mount of vntcr t o  be placed i n  
the la l rer  bal last  tank, based on Figure 2 ( ~ ) ,  is  79 percent. 
Water is  pumped i n t o  the lower b a l l a s t  tank and, simultaneously, 
readings of the head, H, i n  the  tank and angle of tilt a r e  
taken. By using Figure 2 ( ~ )  o r  Figure 3, the amount of water 
i n  the lower tank i s  determined; and no more than 79 percent 
is pu:lped i n t o  t h i s  tank f o r  a riverwater elevation of 9LI f ee t .  

5. L w a r  1.-franc u n t i l  guide shoe r e s t s  on connecting guide; 
slaclc o f f  pealcing l ines .  

6. Attach cable frola a ho i s t  on t h e  roadway across the dam or 
a barge i n  t h e  r iver  below the dm, ~ ~ h i c h e v e r  i s  used, t o  A-frame 
af ter  running the cable through a block on the mooring post. FU1 
caisson t o  mooring post wi th  a l i gh t  tension on l a t e r a l  control  l i ne s .  

7. O r  i n  l i e u  c: 6: lift the caisson with vrorkbarge cranes. 
.% 

8. Fin gxide shoe t o  mooring pos t  on spillway face. 

9 .  Par t i a l l y  def la te  t,ires t o  prevent overloading nrhsela 
rhen caisson is  SIX&. 

10. By us ing  Figure 2 ( ~ ) ,  f i l l  upper tank t o  an amount shown 
by the  mlmwn Curve (b) in Figure 2 (A ) .  

Exm.plc: If thc  r i v e m a t e r  elevation is 941 f e e t  a t  the  
caisarn location, t he  amaunt of water t o  be placed i n  t h e  
upper b a l l a s t  tank, based on Curvc (b) of Figure 2 ( ~ ) ,  is 
56 percent. l!later i s  pwopsd i n t o  the upper b a l l a s t  tank and, 
skaultaneoualy, readings of the  head, H, in  t h e  tank and angle 
of tilt are taken. Sy using Figure 2 (C),  the amount of water 
in the upper tank i s  deterrmed. 
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a6o~ns . t~  t l ~ c  spillvi;). face, out  do no t  f i l l  upper tank beyond that 
amount sl?o-m by t h e  maxirn~u:~ Cwve ( c )  of Figure 2 ( ~ )  i n  o rds r  t o  
avoid i?xce.;sive mooring p o s t  1.oads. For example, fo:. a r i v e n v a t e r  
elevation of 9 & l ,  the runiniwn mounf t h e  upper b a l l a s t  tanlc is  t o  
br' fil:!ed i,: 68 perccnt .  

12. If the ca i s son  fails t o  ceat completely around t h e  sea l ,  
1-:1.7. the lo;*rer ballast t ank  a :~a:~&iun of 2 percent more. 

111. h a p  o u t  v:orking chamber. 

I n s t ~ v c t i o n j  f o r  r e f l o a t i n g  t h e  ca' isson:  

Fled ~ r o ~ k i n g  ch;~l ; !b~r  t o  r iven ra%er  e l e v a t i o n  a t  t h e  
l o c a t ~ o n .  

2. Pun!, o u t  1:pper tank t o  an amow-t s l i g h t l y  l e s s  than 
dashed C i : ~ r :  (a) m Fig-me 2 ( ~ )  f o r  ths c :ds t in~  rim~yatczr 
~ l e v a t : ~ : i ,  Tl.1; ~ ~ ~ ~ z t l c : :  zhould bredc t h o  ca i s son  s a d .  

3. Rclr::lc?ts t i res .  

>. Rcl6n;i. ~.Gr.ux f'ron mooring p o s t  and l w e r  caitson u n t i l  
1 :  ; caklc  .'ro~a h o ~ t  on the roadsray o r  barge--Sliglit te l is ion 
o t ~  l a t e r a l  cor.trol i m e s .  Release cable fnsr;~ h-fraue. 

5. C)r ii. l i e n  af 4, 13*::er thr. ca i s son  v i t h  ~ o r k b a r p e  cranes. 

6. Bnisa A--f ra!s froln coanect ing guide using t h e  peaking line. 

7 .  Umzter lone:' tank o n t i l  d e s i r e d  a t t i t ude  of caisson i s  
oSt lrncti. 

fi , R2i :.;I:" l a tera l  c r ,n t ,~o l  cable:?, 

9. CJ~.SSOII  i e  nos; warly foor moving t a  a aenv locatLon or,  rE 
calssor,  is to ilc s t o r e d ,  pump out t,t!e r e l ~ l i r l i n ~ :  vater f-roc1 hoth  
b2.llas t  tank,^. 

2 . .  3 ~ t e m i n e  by f i e l d  ter-t.s tli? r d a t i o n  of  tilt angle tc  tho 
a..r.u-lt 0:. i~3tei- 111 t!ic upper and 1ov:er ballast t anks  bziore t h e  mooring 
0:-erat~ona arc  bsumi, and mkc any necessaIy c o r r e c t i o n s  t a  F-lmss ?(c), 
2 ( 2 ) ,  &Yld 3 ,  

2. Do n o t  use the  lateral c o n t r o l  l ines  f o r  t i l t i r l g  t h e  caisson.  



~ 1 1 1 1 ~ . 1 7 ~ ;  force on .the 1.,co2ing post  lnay increase a s  1311ch a3 100 peXent  
md,  t h c  caisseri is  irroored, it riay rock about tile wheels and 
causc c.01-sidcrable f luctuat ion of force on t he  rnoorine post .  

C k, After Recoinmendation No. 1 i s  coxnpleted, duplicate Figure 2 
f o r  pcn:ianer.t attachment t o  the caisson. 

1 

C~I'i'RDnTJCTIOIJ 

Th1.s report  i s  a derivative of 1i;crdraulic Report No. 238, 
"EIydraulic Lode1 Stxclies of the  Operation of the  Face Caisson f o r  
Tns i>~ct iq :~  and ILiir,i;c,nar?ccl o f  the Stlblaergecl Portion of t he  Spillway 
Fact :I:.. q;r3~6 COLLZ~I"  " i~'~--C~tlu~io.i~i Banin Project ,I1 This report is 
intr.llc!cti t o  ~;i.v? ccnci-se j.nstructions f o r  operating the  spillway face 
crzisno;t f c r  i f i a k l ~ ~  rc;;air.p, an  Grand Coulee I!ara. A l l  material herein 
.is b a s 4  on rr.cde7 tcstr-  described i n  the reference report .  

DISC USSXOU 

Proper  o p e r a - t ~ o : ~  cl" t h n  Grand Coulee Spil311-ay face caisson during 
the ~:iccrFng, sinkin[;, all? ref loat ing operations depends prhar i1 .y  upor1 
,)lL;icini; tht: cor rec t  q u a t i t l e s  o f  m t e r  i n  tllc unper and lovier ballast 
~a~ll,:,.; i l i  t h o  ;?rope- sequence. Tl;ere n l u s t  bc enough water i n  t h e  ta14.s 
t o  ~ r ~ ~ i d t ?  cldequatc ~ d l e e l  loads on the sp'ill~vay t o  r e s i s t  tile force of 
s ide~r i se  cwrents on thc caisson 2nd t o  lieep t h e  caisson under colltrof 
crt thl-q s-,.117_1.~2y face. 30-sever, tl-~e mlantity of  rater must not  bc s o  
:r.?at ihal; tile A-f rsu~!e a d  I loorin:; 1: JS  t 2re overloaded. I n  addit ion,  
i :.;ztcr nust be p r ~ ? ~ r l y  distribulec; bctnieen t he  upper ,and lower 

1 tarks to cl ta l r .  the cicsired tilt of the caisson. ParticuLdr care ~rms.t 
\ .  .>,. -.zed i r k  f i l l i r ;~:  the lovrcr tart< rriF;en the tilt angle o f  t h e  caisson 
c-rc+:ccir :LO", A t  greater angles, tile addi.tion of only a s rml l  qumt i i j .  ~ ;f ~ i . ~ t c r  v r i l l  rez:.llt i;: 2 l a rge  c!lange bi tilt. O1lrort.iJ_tir.g the  caisson 
:LET; r e su l t  i n  the lovcer seals d r a ~ c i n g  on the s y i l l ~ ~ a y  face x ~ i t f i  serious 
<i,';:~ge t c  th? seais. A trbi, tar& i s  pro-slided in  th-? uppz'i' right-hand 
-.cmcr cf t:rlt? C Z L S S G ~  50 correct anjr tenr?er:cy of t h e  caisson t o  llst 
7:3e.-if;r. -x-!:er? f loatirrs ,  Lateral  control  linc.; arc a l s o  :~roxidecl t o  
' - o ~ : ~  .. ., tli,-- C ~ . L T ; . ~ J S ) I ~ ' S  longitudinal  ax i s  perpendicular tc the  spil1v:ay face. 

To ir;easurc, the  quanti ty of water in  the  b a l l a s t  tanks, l i q u i d  
ievt.1 ga:es are provided on t n e  operating !~latfornl of the caisson, In 
ac!cil.tion, an instrument fo r  measuring the angle of tilt of .bile caisson 
?-;thin ~ 1 ~ 1 s  o r  inir~us onc-half a degree is required. A s  shov,m by the  
sketches 1x1 Figures 2(C), 2(il), and 3, the l iquid l eve l  f:a:;es masure  
t!-.e ]:cad, H, &ove thc  lot.rcr corner of thc rectangular-shaped b a l l a s t  
tanks. To ust- tile Eage.;, a i r  Is siruply punper! i n t o  toile l i n e  slmrIy, 
TIIF nrrssure !:age I.li-l:L ir!c!icate t:ne head vrlien all water i s  removed 
Iron the l i n e  . 



The head, By w i l l  depend not only upon the  quanti ty of water i n  
the  tank, but a l so  upon the  angle of tilt of the  caisson. Three sets 
of curves a r e  presented, one set f o r  the upper ballas-1; tank, Figure 2 ( ~ ) ,  
and two s e t s  f o r  the lower b a l l a s t  tank, Figures 2 ( ~ )  and 3.  The tilt 
angle, d ,  i s  the  ordinate; H, the head abovre t h e  lower corner of the  
tank is  the  abscissa, and t h e  curves represent the d i f fe ren t  amounts of 
vrater i n  the tanks. Thus, by measuring t h e  tilt angle and the  head, 
the amo~mt of vrater i n  the b a l l a s t  tanks may'be found.  figure 3 i s  

( 8  

where a l l  compartments of t he  lower b a l l a s t  tank are f i l l e d  simultaneously 
with the same amount of water, and Figure 2 ( ~ )  i s  where both s ide  c o w  
partments of the  lower ba l l a s t  tank a re  f i l l e d  95 percent first, and then 
the center compartment f i l l e d .  Note 'chat t he  percentage curves f o r  
Figure 2 ( ~ )  re!fer t o  the  t o t a l  percentage of water i n  t h e  lower tank 
and not t o  the  percent of  water only i n  the  center  compartxnent. Figure 2 
was x ~ a n g e d  i i t h  the vim i n  mind t h a t  it el1 ultimately be duplicated 
f o r  attachment t o  the  caisson. 

Undoubte'dly, there  m i l l  be a difference between t h e  caisson weight 
and center of gravi ty  and t h e  computecl caisson weight and center  of 
gravity based, on the model which w i l l  a l t e r  t h e  r e l a t i on  of tilt a n ~ l e  
t o  the amount of water i n  the  b a l l a s t  tanks. Hence, the  ~ecommelxlaiion 
No. 1, Page 3 .  
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NOTES 
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H E A P  H ,  OF W A T E R  I N  F E E T  
I)ETERMlNATION OF AMOkMf OF WATER IN LOWER I . -- - - - - -  

BALLAST TANK WHERE H IS SAME IN ALL - COMPARTMENTS 
Y 




