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UNITED STATES
DEPARTMENT OF THE INTERIOR
BUREAU OF RECLAMATION

Branch of Design and Construction Laboratory Report No. Hyd-26L

Research and Geology Division Hydraulic Laboratory

Denver, Colorado Compiled by: W, C. Case and

December 2, 19L9 : W. P. Simmons
Reviewed by: J. W. Ball

Subject: Operating instructions for mooring, sinking, and refloating
the Grand Coulee face caisson as determined from hydraulic
model studies--Columbia Basin Project.

PURPOSE

To describe the operating procedure for mooring, sinking, and
refloating the caisson for making repairs to the spillway face of
Grand Coulee Dam.

CONCLUSIONS
Instructions for mooring and sinking the caisson:

1. Tow the floating caisson by tug or workbarge into
approximate position at the face of the spillway.

2. Attach the peaking line and lateral control lines to
anchors on the spillway face (Figure 1).

3. By using Figure 2(C), fill the upper tank to an amount
not more than that shown by the dashed Curve (a) in Figure 2(A)
for the existing riverwater elevation at the caisson location.

Note: The upper tank must be filled to an amount
near that given by the dashed curve to maintain sufficient
wheel load needed for lateral stability of the upper end
5f the caisson. Small negative tilt angles may be encoun—
tered during this operation at the higher riverwater surface
elevations.

Example:s If the riverwater elevation at the caisson
location is 9Ll feet, the maximum water to be placed in the
upper tank during mooring, based on dashed Curve (a) of
Figure 2(A), is LO percent. Water is pumped into the
upper ballast tank and, simultaneously, readings. of the
head, H, in the tank and angle of tilt are taken. By
using Figure 2(C), the amount of water in the upper tank
is determined and no more than LO percent is pumped into
this tank for a riverwater elevation of 91 feet at the
caisson location.




L. By using the curves from Figure 2(D) or Figure 3, £ill
lower tank to an amount shown by curve in Figure 2(B) for the
existing riverwater elevation.

Note: If there is appreciable leakage of water between
the three compartments of the lower ballast tank, the three
compartments will have to be filled simultaneously and

Figure 3 used to determine the amount of water in the lower
ballast tank.

Caution: After the argle of tilt has reached 10°,
further f£illing should be done very slowly as small addl-
tional amounts of water rapidly increase the angle of tilt
(Figure L).

Example: If the riverwater clevation is 9l1 feet at
the caisson location, the anmount of water to be placed in
the lower ballast tank, based on Figure 2(B), is 79 percent.

Water is pumped into the lower ballast tank and, simultaneously,

readings of the head, H, in the tank and angle of tilt are
taken. By using Figure 2(D) or Figure 3, the amount of water
in the lower tank is determined; and no more than 79 percent

is pumped into this tank for a riverwater elevation of Sl1 feet.

5. Lower A-frame until guide shoe rests on connecting guide;
slack off peaking lines.

6. Attach cable from a hoist on the roadway across the dam or
a barge in the river below the dam, whichever is used, to A~frame
after running the cable through a block on the mooring post. Pull
caisson to mooring post with slight tension on lateral control lines.

7. Or in lieu cf 6, 1ift the caisson with workbarge cranes.
&

8. Pin guide shoe to mooring post on spillway face.

9. Partially deflate tires to nrevent overloading wheels
vhen caisson is sunk.

10. By using Figure 2(C), £ill upper tank to an amount shown
by the minimum Curve (b) in Figure 2(4).

Example: If the riverwater elevation is 941 feet at the
caisscn locabion, the amount of water to be placed in the
upper ballast tank, based on Curve (b) of Figure 2(A), is
56 percenmt. Yater is pumped into the upper ballast tank and,
similtaneously, readings of the head, H, in the tank and angle
of tilt are taken. 3By using Figure 2(C), the amount of water
in the upper tank is deternined.




1l. Continue to fill upper tank slowly until caisson szeat$
against the spillway face, dut do not fill upper tank beyond that
amount shovn by the maximum Curve (c¢) of Figure 2(A) in ordar to
avoid excessive mooring post loads. For example, for a riverwater
elevation of 9L1, the maximum amount the upper ballast tank is to
be filled is 68 percent.

12. 1If the caisson fails to ceat completely around the seal,
£ill the lower ballast tank a maximum of 2 percent more.

13. Pwap out working chamber.
Instructions for refloating the caisson:

1. TFlcad working chamber to riverwater elevation abt the
caisson locatzon.

<. Pump out upper tank to an amount slightly less than
dashed Curve (a) in Figure 2(4) for the cxisting riverwater
olevaticn, Thigz cperation zhould break the caisson seal.

-

3. Rearflate tires.

2. Release A-frame frem mooring post and lower caizson unbil
loated by cable from holst on the roadway or barge--Slight tension
ol lateral control lines. Release cable from A~frame.

5. Or in lizeu of L, lower the caisson with workbarge cranes.

6. Raise A-frame from connecting guide using the peaking line.

-

7. Unmwater lower tank until desired attitude of caisson is
ohtained.

Raigve lateral control cables.

Caisson is now ready for meving to a new location or, if
o be stored, pump cut the remaining water {row both

RECOLMENDATIONS

1. Delermine by field tests the relation of tilt angle tc the
acunt of water in the upper and lower ballast tanks bafore the mooring
orerations are begun, and make any necessary corrections to Figures 2(C),
2(D), and 3.

2. Do not use the lateral control lines for tilting the caisson.
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3. Lo not mill the caisson up the spillway face too fast as the
R culling force on the mcoring post may increase as much as 100 percent
S and, after the caisson is moored, it may rock about the wheels and

= cause considerable fluctuation of force on the mooring post.

L, After Recommendation No. 1 is completed, duplicate Figure 2
for permanent attachment to the caisson.

TNTRODUCTION

This report is a derivative of Hvdraulic Report No. 238,
"Hydraulic lodel Studies of the Operation of the Face Caisson for
Inspection and laintenance of the Submerged Portion of the Spillway
Face nt drand Coulee tan—--Columbia Basin Project." This report is
intended to ;ive concise instructions for overating the spillway face
caisson for making repeirs on Urand Coulee Dam. A1l naterial herein
is bhased on mede? tests deseribed in the reference report.

DISCUSSION

Preper operation of the Grand Coulee Spillway face caisson curing
the meoring, sinking, and refloating operations depends primarily upon
slacing the correct quantities of water in the upper and lower ballast
tarks in the proper sequence. There nust be enough water in the tanks
to provide adequate vhecl loads on the spillway to resist the force of
sidevise currents on the caisson and to keep the caisson under control
orn the spillway face. iHowever, the cuantity of water must not be sc
areat that the A-frame and meoring cost are overlcaded. In addition,
ha r*ter must be proverly distributed between the upper and lovwer
s te¢ cbtain the desired 4ilt of the caisson. Particular care must
in £illing the lower tank when the tilt angle of the ceisson
ds 1L0°, xt "reator angles, the addition of only a small quantity
will result in 2 large change in tilt. Overtilting the caisson
a7 sult in th lower seals dragging on the spillway face with seriocus
danage the seals. A trim btank is provided in the upper right-hand
corper of the caissen to correct any tendency of the calsson to list
sidewise »len floating. Lateral control lines are also provided to
een the caisson's lonbitud-nal axis perpendizular tc the spillway face.
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To wmeasure the quantity of water in the ballast tanks, liquid
level gages are provided on the operating platform of the caisson. 1In
addition, an instrument for measuring the angle of tilt of the caisson

. within nplus or minus one-half a degree is required. As shown by the
sketches in Figures 2(C), 2(D), and 3, the liquid level gages measure
the head, H, above the lower corner of the rectangular-shaped ballast

- tanks. To use the gages, air is simwply pumped into the line slowly.
The pressure gage will indicate the head when all water is removed
Irom the line.




The head, HE, will depend not only upon the gquantity of water in
the tank, but also upon the angle of tilt of the cailsson. Three sets
of curves are presented, one set for the upper ballast tank, Figure 2(C),
and two sets for the lower ballast tank, Figures 2(D) and 3. The tilt
angle, @ , is the ordinate; H, the head above the lower corner of the
) tank is the abscissa, and the curves represent the different amounts of
water in the tanks. Thus, by measuring the tilt angle and the head,
the amount of water in the ballast tanks may be found. 'Figure 3 is o
¢ where all compartments of the lower ballast tank are filled simultaneously
with the same amount of water, and Figure 2(D) is where both side com-
partments of the lower ballast tank are filled 95 percent first, and then
the center compartment filled. Note that the percentage curves for
Figure 2(D) refer to the total percentage of water in the lower tank
and not to the percent of water only in the center compartment. Figure 2
was arranged with the view in mind that it will ultimately be duplicated
for attachment to the caisgson.

Undoubtedly, there will be a difference between the caisson weight
and center of gravity and the computed caisson weight and center of
gravity based on the model which will alter the relation of tilt angle
to the amount of water in the ballast tanks. Hence, the Recommendation
No. 1, Page 3. :
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INSTRUCTIONS FOR MOORING AtID SINKING THE CAISS50N

Tow the floating coisson by tug or warkborge into ap proximate position ot the foce of the 5piliway.

Attach the peaking line aad Tatero! control lines to anchors on the spillwoy foce.

By using Figure rc?, fill the upper tank to an omount 1ot more than that shown by the doshed
éurve o) in Figure (A) for the existing riverwoter elevation at the caisson focation.

MOTE: The upper tank must be filled to an amount near thot given by the dashed curve to
maintain sutfic.ent wheel load needed for latergl srobility of the upper end.of the coisson.

EXAMPLE: If-the riverwater elevation ot:the coitson location -is 941 feet, the maximum
waoter to be ploced in the upper. tonk during moorinv, based on dashed Curve {0) of Figure (A),
Is 40 percent. Woter 'is pumped into the upper ballas! tonk ang, simultaneously, readings of the
“heod, H, in the tonk ond angle of tilt are tgken, By using Figure {C),the amount of viater in the
upper tank is determined ond no more than 40 percant is pumped into this tunk for oriverwoter
elevation of 941 feet of the caisson location,

. B; using the curves from Figure (D); Fill lower tonk ffog‘nn omouat shown by Gurve in Figure (8)
or i

the existing rivarwater slevation, L i

CAUTION: Affer the"angle of ilt hos reached 104 further filling shouid be done very slowly
as small odditional omounts of woter ropidly increose the angle of tilt, .
EXAMPLE: If the riverwater elevotion is 94) feet o} the coisson locotion, the amount of water
to be placed in the lower bollost tonk, bosed on Figure (8) is 79 percent. Water is pumped
“into the lower bailast tank and, simultaneously, readings of the head, H,in the tank ond angle of
tilt ore token, By usin Figure (D}, tha omount of woter in the lower $gnk is determined; ond
~no more than 79 percent 15 pumped into this fank for riverwoter elevation of 94| feet.

- Lower A-frame until:quide shoe rests on connecting guide; slack off peaking lines,

. Attach cable from o hoist

- ¢n the roadwoy ‘across the dzm or o borge in the river balow the dom,
whithever is used, to A-frome ofter running the cable’through o block on the mooring post.
Pull cuisson to moaring post. with slight tension on fotero! control fines.

- Orin liew of 6, 1ift the coisson with workbarge cranes.

. Pin quide shoe jo moonin
. Portially defiote tires fo
. By using Figure (C), fill upper tank fo un omount shown by

post on spillway foce. :
prevent overloading wheels wlien caisson is sunk.

the minimum Curve (b) in Figure (A).

EXAMPLE: If the riverwoter elevation is 941 feet qf the caisson location the omount of water
to be placed in the upper bollast tank, based on Curve {b) of Figure {A), is 56 percent. Water
is pumped into the upper ballast fonk and, simultoneously, readings of the heod, H,in the tank
ond angle of tilt are taken Ry using Figure (C}, the omouni of woter in the vpper tank is deter-~
mined. i :

- Continue to fill upper fank slowly until coisson segls 0gainsi’ the spiliwoy foce, but do not fill

WD~ & A -

NOTE: Curves opply
when caisson is
Floating free, moored,
nr sealed fo spillway
foce, ond with no
listing.

- Reinfiate tires.
. Releose A-frame from mooring post ond lawer caisson until floated br coble from hoist on the
e

. Orin-lieu of 4, lowe
. Raise A-frome from connecting
. Unwater lower tank until desire
- Remove loterol control cobles.

- Coisson is now ready for movin?

upper tank beyond that gamount shown by the moximum (urve (c) of Figure (A}in orderto
avoid excessive mooring post loads. For example, for o riverwoter eievation o 944,the max-
imum omount the upper:bollast tonk is to be filled is 68 percent,

- 1t the coisson foils to seot completely around the seal ,fill the lower ballast tank g maximum

of 2.percent more.

. Pump out working chamber,

i

INSTRUCTIONS FOR REFLOATING T.‘HE CAISSON
Flood working chamber to riverwoter elevation ot the caisson lo-otion.

. Pump out upper fank to an amount slightly less thon doshad Curie {a) in Figure (A) for the ex-

isting riverwater elevation, This operation should breok the c1isson seal.

roodway or borve.Sl#'M tensionen lataral control lines. Release cable from A-frame,
r :

€-Cisson with workbarge crones .

3uide using the peoking line ,
ottitude of caisson is obtained .

10 0 new

location or, if caisson is o be stared | pump out the
lost tonks,

remaining water from both ba

NOTE

For odditional information on face caisson
operation, see Hydroulic Laoboratory
Report No, 264.

* Smali negative tilt angles may be encountered

during this operation at the higher riverwoter
surfoce elevations.
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FIGURE 4
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