
<QI 

... :· 

UNI TED STATES 

DEPARTMENT OF TH[ INTERIOR 

BUREAU OF RECLAMATION 

HYDRAULIC MO DEL STUDIES OF THE OPERATION OF 
THE FACE CAISSO N  FOR INSPECTION AND 

MAINTENANCE OF THE SUBMERGED PO RTION OF 
THE SPILLWAY FACE--GRAND COUL EE DAM-

CO LUMBIA BASIN PROJECT, WASHINGTON . 

Hydraulic Laboratory Report No. Hyd.-238 

RESEARCH AND GEOLOGY DIVISION 

BRANCH OF DESIGN AND CON STRUCTION 

DENVER, COLORADO 

DECEMBER 27, 1949 



-.... 

CONTENTS 

Purpose of Study oo�o•o•o••o•••••o•••o•o••••••••••••••••••••• 
Conclusions ooooe•�••o•••••�•�oooa�•••••••••e•••••••••••••••� 
Reconnnendations ••••�••••••••••••��.� ••••••••••• �.� ••••••• �.� 
Introduction •••••••••••••••••••••••••••••••••••••••••••••••• 

General Features of Grand Coulee Dam 
Description of Spillway Face Caisson 

••••••••••••••••••• 
••••••••••••••••••• 

Operation of the Spillway Face Caisson •••••••••••••••••••••• 

Initial Procedure, Specifications No. 1108 • •••••••• ••• � 
Model Test of the Initial Procedure ••••••••••••••••••�• 
Revised Procedure, Based on Laboratory Tests •••••••··�· 

Discussion •••••••••••••••••••••••••••••••••••••••••••••••••• 

Description of the 1:20 Model •••••••••••••••••••••••••� 
Preliminary Floating Tests ••••••••••••••••••••••••••��� 
Development of the Final Model Design•••••••••••••••••; 
Studies of the Mooring Operation ••••••••••••••••••••••; 
Sealing and Retloating the Caisson ••••••••••••��.� ••• �; 
Similarity between Model and Prototype Weights ••••••••• 
Change in Angle of Tilt and Elevation of Front End 

f'or Various Amounts of Water in the Lower Ballast 
Tanks ••••••••••••••••••••••••••••••••••••••••••••• 

Change in Angle of Tilt for Various Amounts of' Water 
in Both Ballast Tanks ••••••••••••••••••••••••••••• 

Determination· of the Amount of Water needed in Ballast · · 
Tanks ••••••••••••••••••••••••••••••••••••••••••;�� 

Angle of Tilt Required for Mooring--Oaisson Floating ••• 
Angle of Tilt for Various Amounts ·o.r·water'in'Billaat ... 

Ta.nks--Caisson Moored•••••••••••••••••••••••••••••• 
Force on Mooring Post for Different Tail Water 

Elevations· and ·various ·Amounts· of' ·water ·1n ·Balla.st· 
Tanks ••••••••••••••••••••••••••••••••••••••••••••• 

Force Required to Pull Caisson·up'the'Face·of the 
Spillway to Mooring Post .• • • ••• • •••• • •• •••••••••••• 

Force Exerted on Face of the Spillway by Caisson 
Wheels when Caisson is Moored ••••••••••••••••••••• 

� 

1 
l 
3 
4 

4 

5 

6 

6 

7 
8 

9 

9 
10 
11 
11 
13 
15 

16 

17 

18 
19 

19 

20 

21 

21 



Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

12 

13 

14 
15 

16 
17 

LIST OF FIGURES 

Grand Coulee Dam 
Position of Caisson on Spillway Face 
Face Caisson General Assembly 
Face Caisson Rigging Arrangement 
Determination of Amount of Water in Upper Ballast Tank 
Determination of Amount of Water in Lower Ballast Tank 
Face Caisson Placing Operations--Specifications No. 1108 
Eff ect of Ballast Water on the Mooring Forces and Tilt Angles 
Quantity of Water in Ballast Tanks for Mooring and Sealing 
Grand Coulee Spillway Face Caisson, 1:20 Scale Model 
Relation of Tilt to Water in Lower Ballast Tank, Upper 

T a.nk 8 o 73 Percent Full 
Mooring of Grand Coulee Spillway Face Caisson to Face of 

Dam, 1:20 Scale Model 
Sinking Grand Coulee Spillway Face Caisson in Place on 

Spillway Face; 1:20 Scale Model 
Comparison of Model with Prototype Design 
Ballast Required to Tilt Caisson, Upper Ballast 

8.73 Percent Full 
Relation of Tilt to Water in Upper and Lower Ballast Tanks 
Tilt Angle to Reach Mooring Post for Various Tail Water 

Elevations, Upper Ballast Tank Empty 



--. 

UNITED Sl'ATES 
DEPARI'MENT OF THE INTERIOR 

BUREAU OF RECLAMATION 

Branch of Design and Construction 
Research and Geology Division 
Denver, Colorado 

Laboratory Report No. 238 
Hydraulic Laboratory 
Compiled by: F; C; Lowe 

December 27, 1949 W� P� Simmons, Jr. 
Reviewed by: W � C � Case 

J. W. Ball 

Subject& Hydraulic model studies of the operation of the face 
caisson for inspection and maintenance of the submerged 
portion of the spillway face-Grand Coulee Dam--Columbia 
Basin Project ., Washington 

- ' 
Reference: A summary of the opera.ting· procedure for the mooring, sinking, 

and refloating· the caisson, based on ·the findings given 
in this report, is given in Hydraulic Report No. 264. 

PURPOSE OF STUDY 

The spillway face caisson for Grand Coulee Dam was designed 
to make accessible for inspection and repair that portion· of the spillway 
face which is normally submerged by tail watero A major problem was-to 
determine a satisfactory and safe operating procedure to place, moor, 
sink:J> unwater and refloat the caisson. The problem. was complicated by 
the large size of the caisson and a 10-f'oot variation in tail water 
elevation. Part of the solution to this problain was obtained by 
hydraulic model tests. This report presents a description of these tests, 
the test results ., the conclusions reached., and reconnnendations. 

CONCLUSIONS 

1. The best procedure for mooring., sinking, and refloating the 
caisson on the spillway face is given in the section of this report 
describ�g the Operation of the Spillway Face Caisson, pages. 

2. If the mooring procedure as given in Specifications No. 1108 
were followed, the caisson could be tilted to reach the mooring post 
only if the ·water surface is above elevation 936 approximately 
(Figur e  17) o Also sinking the caisson onto the spillway would necessi
tate the addition and removal of water in the ballast tanks in a 
manner that might become involved and time consuming. 



3 o The lower ballast tank must be divided into three 
compartments o If the lower tank is a single compartment, a severe 
sidewise list will occur when the angle of tilt is more than 45° . 

4 0 When the caisson is floating ., the tilt angle depends 
primarily on the amount of water in the lower ballast tank, and when 
the t,ilt angle is greater than 10°, the addition of a small quantity 
of water to this tank will. cause a comparatively large increase of 
the tilt angle (Figure 16) o 

5. The height the front end of the caisson lifts· out of the 
water when tilted depends on the weight of the caisson, and is greatest 
when the  upper ballast tank is empty (Figure 15). 

6. The 1: 20 model caisson was heavier than the prototype design; 
but "-)y assuming that the model 8 s ballast tanks were partly filled with 
water3 the relation of tilt to the a.mount of water in the lower tank 
and the height the caisson front end lifts out of the water compare 
reasonably well with the design curves (Figures 14, 15, and 17). 

7 o The caisson can be tilted by placing water in either the 
upper or lower ballast tanks; and to a limited extent by applying force 
to the lateral control lines. However., using the lateral control lines 
to tilt the caisson is not advocatedo 

8 o The dual wheels of the caisson should be held against the 
spillway face during mooring with a minimum force of 10.,000 pounds 
(Figure 8) which is·accomplished by following the procedure referred 
to in Conclusion No. lo This procedure requires the .caisson to be 
pulled up to the mooring post by a cable at the top of the dam or by 
similar meanso Mooring the caisson by the other procedures tested will 
allow the caisson wheels to lift off the spillway £ace., and the 
caisson will become unstable laterally. 

9. With the lower ballast tank about 78 percent full, the toroe 
on the mooring post is independent of the amount of water in the upper 
ballast tank and the riverwater surface elevation provided that·the 
tilt angle does not exceed the slope of the spill� (Figure 8) • 

10, The force on the mooring post will become excessive if the 
lower tank is filled less than 65 percent, and with high riverwater 
elevations, this force mll become zero with the lower tank 80 to 84 
percent full (Figure 8). 
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llo The force required to pull the caisson to the mooring 
post and the force of the wheels against the spillway are nearly 
constant throughout the pulling operation. Further, the pulling 
forces and wheel loads are nearly equal to the force on the mooring 
post after the caisson is moored (Figures 7 and 8). This equality 
holds only when the angle of tilt does not become so great to cause 
the caisson lower end to drag against the s·pillway. 

12. After.the caisson is moored, but before it is sunk against 
the spillway, the tilt angle depends upon the water in the ballast 
tanks and the tail water elevation (Figure 8). 

13. The caisson rubber seal is likely to be damaged if the 
lower end of the caisson strikes the spillway first, which drags the 
seal. This damage can be avoided by mooring the caisson with the 
wheels kept firmly against the spillway. 

14. The model sealed easily against the spillway with no 
indication of leakage, but troubles may arise in the prototype which 
cannot be studied by the model. If sealing trouble is experienced, 
the operator should be careful when filling the ballast tanks for the 
purpose of exerting pressure a�ainst the spillway, for this procedure 
may overload the mooring post {Figures 8 and 9). 

15. The caisson may be unsealed, released, and refloated in the 
reverse of the mooring and sinking procedure as given in the Operation 
of the Spillway Face Caisson section of this report, page 8, or the 
caisson may be released and then allowed to glide downward into the 
water. This latter procedure appeared satisfactory with the model 
when the lower ballast tank was approximately 75 percent full; however, 
it is questionable for the prototype, for when the caisson breaks 
the surface, surges and boils may occur which may be dangerous to 
personnel. 

RECOMMENDATIONS 

1. Before the prototype caisson is moored, determine by field 
tests the relation of tilt angle to the amount of water in the upper and 
lower ballast tanks, and if necessary, correct Figures 5, 6, and 16. 

2e Use the operating procedure for mooring, sinking, and refloat
ing the caisson that is given on pages 8 and9 and Figures 5, 6, and 9 
of this report or Hydraulic Laboratory Report No. 2640 



3. Do not use the lateral control lines for tilting the caisson. 

4. If the mooring post is used as an anchor in the mooring 
operation, do not pull the caisson up the spillway too fast as the 
pulling force on the mooring post may increase as -much as 100 percent, 
and �fter the caisson is moored, it will rock about the wheels and 
cause considerable fluctuation of force on the mooring post0 

INTRODUCTION 

General Features of Grand Coulee Dam 

The spillway for passing surplus now from the reservoir to 
the river downstream has a gross length of 1,650 feet (Figure 10 ) 

The spillway flow is controlled by 11 hydraulically operated drum gates, 
28 feet high by 135 feet long, separated by piers supporting a roadway 
across the dam. Two training walls on the downstream face of the dam 
confine the spillway now to a roller bucket stilling pool at the toe 
of the d_am. -The difference in elevation from the reservoir water 
surface to the tail water will vary from 350 feet for low discharges to 
280 feet for the maximum discharge of 1,000,000 cts. The sixt.y 102-inch 
diameter river outlets arr·anged in three tiers, each differing in 
elevation by 100 feet, pass through the right two-thirds of the spillway 
section. Each tier consists of 20 outlets grouped in pairs and located 
directly above or below those of the other tiers. All emerge from the 
downstream face 3Ild discharge down the spillway face into the stilling 
pool. The two powerhouses, one at each end of the spillway at the base 
of the dam have an ultimate capacity of 945,000 kw each. They discharge 
their flow from the turbines through draft tubes into tailraces 
excavated into the riverbanks, where it passes into the main river 
channel downstream from the spillway stilling pool. 

During the period of construction or the dam, it was necessary 
to release the flow ot the river over the spillway section in an 
unsymmetrical manner, and damage to the concrete surfaces ot the bucket 
resulted by an upstream movement of boulders from the riverbed. Over 
a period of time damage has also occurred to the submerged portion ot 
the spillway face due to erosion and spalls at the construction joints. 
Because the bucket and this portion of the spillway face are submerged 
by tail water they are not accessible by usual means (Figure 2). 
Therefore, two access caissons were designed to permit inspection and 
repair-one for the bucket section and the other for the below water 
portion of the spillway face. This report is concemed with the 
hydraulic model studies of the operation of the caisson for the spillway 
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face. All studies of the operation ot the caisson tor the bucket 
are described in the Laboratory Report Hyd. 174 ., "Hydraulic Model 
Studies Pertaining to the Repair, Maintenance and Protection of the 
Spillway Bucket and the Protection ot the Tailrace Slopes and Downstream 
River Banks at Grand Coulee Dam," by J. W. Ball. 

Description ot Spillway Face ·Caisson 
I 

The tace·caisson is a box-like structure 58 feet long, 
54 feet wide, and 9 feet high, Specifications No. 1108. It will be 
floated to the spillway, moored into position, tilted, and sealed to 
provide an access chamber �or inspection and repair ot the spillway 
face between elevations 901.0 and 945.0 (Figure 2). The caisson is 
divided into two sections (Figure 3). The working epace next to the 
spillway is a single compartment 4 feet high. The space above, which 
is 5 feet high, contains structural beams and is divided into watertight 
compartments. Two of these compartments are ballast tanks, and are 
designated as the upper and lower tanks according to their respective 
location when the caisson is tilted into position against the spillW&7 
(see Section A-A of Figure 3). The upper ballast tank may be filled 
with water to assist in sinkillg the caisson while the lower tank will 
be tilled with water mainly to tilt the caisson. The lower tank JD&T 
also be used to trim the caisson (maintain an even keel) tor it is 
divided into three compartments which may be tilled individually to 
counteract any tendency to list. A trim tank located above the upper 
ballast tank at its right side may be filled with sufficient water to 
balance the weight of the pumps, piping and equipment on the top and 
lett. side ot the caisson. 

The caisson is built of steel girders, plates, and webbing 
joined by bolts, rivets, and welds to make the single unit as shown in 
Figure 3. Timber bumpers are added to the sides tor protection during 
maneuvering in the river channel below the dam. Two dual wheels at the 
front permit the structure to roll up or down the race of the spillway 
luring operation. An A-frame tongue is located at the front or upper 
end which will be attached to a mooring post anchored on the spillway 
face at elevation 954.35 to hold the caisson in position during the 
tilting and placing operations. The rigging arrangement to pull this 
A-fraJlle to the mooring post is shown in Figure 4. A peaking post or 
hoist frame is located above the A-frame and is connected to the A-frame 
by peaking lines. Pull-in lines may also be connected tran the hoist 
frame to the· mooring post. To align the A-frame to the mooring post, 
the A-frame contains a guide shoe, and the mooring post a connecting 
guide which steers the guide shoe to the post where it may be pinned 
into position. 
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other rigging includes the lateral control lines as shown 
in Figure 4, and such lines as may be necessary to attach to tugs or 
barges during maneuveringo The equipnent on the caisson consists of 
the hoist machinery for the mooring operation, and pumps to .fill or 
empty the ballast tanks and to unwater the work chamber. A specially 
designed rubber seal extends around the bottom of the work chamber to 
seal it on the spillway taceo A valve-operating platform on the top 
side provides walking and working space for the operators, _and also 
furnishes support for the hoisting machinery. 

Whenever the operator begins to tilt and moor the caisson 
he must lmow the amount of water he has placed in the tanks. To 
determine these amounts, the caisson is provided with liquid level 
gages on the operating platform • .  The caisson must also be provided 
with an instrument tor measuring the degree of tilt of the caissone 
As shown by the sketches of Figures 5 and 6, ·the liquid level gages 
measure the head, H, above the lower corner of the rectangular�shaped 
ballast tanks. To use the gages, air is pumped slowly into the lineo 
The pressure reading on the dial will indicate the head when all water 
is forced from the line. 

It is apparent that this head will depend not only upon the 
quantity of water in the tank, but also upon the angle of tilt of the 
caisson. Therefore two sets of curves are presented (Figures 5 and 6) 
with OC, the tilt angle as the ordinate, H, the head above the lower 
corner of the tank as the abscissa, and the various curves representing 
the different amounts of water in the tanks. Thus, by measuring the 
tilt al'lgle and the head, the amount of water in ·the ballast tanks may 
be found. It is to be noted that two curves are provided for the lower 
tank. Case 1 is where all compartments are filled uniformly and Case 2 
is where the side compartments are filled 95 percent first, and the 
center compartment is then filled. The percentage curves for Case 2 
refer to the total percent of water in the lower tank and not to the 
percent of the water in the center compartment. It was believed best 
to fill the side compartments only 95 percent to give a small amount of 
leeway to permit the addition or subtraction of some ballast for 
balancing or trimming the caisson. 

OPERATION OF THE SPILLWAY FACE CAISSON 

Initial Operating Procedure, Specifications No, 1108 

In general, procedure for operating the caisson was developed 
by the design department and included in the Specifications No. 1108 
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(see Figure 7).  It was intended to noat the caisson to the dam with 
tugs or barges to the approximate position in front of the spillway, 
and then attach the pulling-in lines and lateral control lines (Figure 7 ,  
Instructions 1 and 2) . The next step was to  tilt the caisson to enable 
the guide shoe on the A-frame to contact the connecting guide on the : 
mooring post. The caisson would then be pulled to the spillway and 
tilted upwards until the A-frame reached the mooring post where it could 
be secured by a pin (Figure 7,  Instructions 3 ,  4, 5 ,  and 6 ) . Once 
attached to the mooring post, the caisson would be sunk and sealed 
against the spillway ( Instructions 7 and 8) . The tires of the two wheels 
would then be deflated to prevent overloading them, and the working 
space unwatered . As a final step it was planned to drain the air chambers 
of leakage and to release the A-frame from the mooring post (Instruc
tions 9, 10, 11, and 12) . 

Upon completion of the necessary repair work on the spillway 
face unwatered by the caisson, the working space would be refilled, the 
seal broken, and the caisson refloated to a horizontal position to be 
moved on to the next repair section or to be returned to its dock 
downstream. 

It was realized. that the operating instructions and charts 
of Figure 7 were general and would not necessarily apply to all of the 
conditions under which the caisson might be used o For instance, the 
river water surface elevation could vary as much as 10 feet, and it was 
possible that the mooring operation with the water surface at 
elevation 945 .0 would be quite different from the operation with the 
water surface at elevation 935 .0. It was also possible that a different 
sequence of maneuvers might be used to advantage during the placing 
operation . Even more speculative was the unsealing operations. Should 
the caisson be refloated in exactly the same· manner as it was sunk, or 
would another procedure be more advantageous. To determine how the 
caisson would act as it -was sunk and sealed against the spillway and 
then refloated, and to obtain a comprehensive schedule for the 
operations, a 1 : 20 scale model was built and studied in the Hydraulic 
Laboratory. 

Model Test of the Initial Operating Procedure 

The general steps as outlined in Specifications No . 1108 for 
mooring and sinking the caisson were given in the previous section and 
in Figure 7 of this report. Preliminary model studies of these 
operations showed that it was essential that the proper amounte of water 
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be placed in the ballast tanks for the various river water �urface 
elevations to avoid overloading the A-frame arrl mooring post, and to 
avoid damaging the seals during the sinking arrl sealing operation. 
These amounts of water were determined arrl are presented in Figu�e 8 ,  
but because these curves are rather awkward for the operator ' s  use, 
the pertinent data were rearranged arrl plotted in Figures 9, A arrl B. 

The maximwn quantity of water which may be placed in the 
upper tank for the mooring operation for the range of river water 
elevation to be encountered may be obtained from the dashed curve (a ) 
in Figure 9A.  Water is then placed in the lower tank to the amount 
shown by the upper curve (a ) in Figure 9B to tilt the caisson enough 
to allow the guide shoe on the A-frame to reach the connecting guide 
on the mooring post. After the A-frame is secured to the mooring post ,  
water must then be removed from the lower tank to  the amount shown by 
the lower curve (b) of Figure 9B. The removal of water from the lower 
ballast tank is necessary so that the caisson will not tilt beyond the 
slope of the dam and allow the lower seals to drag when the caisson is 
sunk to the spillway face. The final step is to fill the upper tank 
to some value between the maximum and minimum amounts ,  curves (b ) and 
(c ) (Figure 9A) to s eat the caisson against the spillway face. 

It is possible, due to certain corrections which were made 
to obtain better similitude between the model aI)d prototype and to the 
uncertainties involved in the weight estimate of the prototype caisson, 
that the percentages of water to be placed in the ballast tanks may 
vary slightly from those given in Figures 9A and 9B. It is therefore 
recommended that field tests be made to determine the prototype relation
ship of a ngle of tilt to quantity of water in the ballast tanks and that 
the percentage scales on Figures 5 ,  6, 9a ,  9B ,  and 16 be shifted if 
necessary. 

Revis�d Procedu�Based on Laboratory T ests 

The revised procedure differs from that given in Specific�tions 
No. 1108 , principally in that the caisson is pulled up the face of the 
spillway or lifted to the mooring post with a definite force instead of 
being trimmed and floated to it . The reason for this procedure lies in 
the fact that there is poor lateral stability of the upper end of the 
caisson when sidewise currents exist and when the wheels are not in 
firm contact with the spillway face. It was found by model tests that 
when the caisson was pulled up the face of the spillway to the mooring 
post , there was a load on the wheels approximately equal to the pulling 
force. Therefore by pulling the caisson to the post by a relatively 
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large force, the wheels are held firmly against the spillway and good 
stability is insured . It should also be pointed out that at water 
surface elevation less than about 936. o, the specification procedure 
for mooring the caisson will not apply because the front end cannot 
be floated high enough to reach the mooring post. T herefore, it will 
be necessary to pull the caisson up the spillway face  or lift it to 
the post regardless of the procedure used. 

as in the initial procedure , the upper tank must not be filled 
more than indicated by the dashed curve (a ) in Figure �A for the 
mooring operation. Then the lower tank is filled to the value shown 
by the bottom curve (b)  in Figure 9B. Next a cable is used to pull 
or lift the caisson up to the mooring post where the A-frame is secured. 
Finally the upper tank is filled to an amount between the maximum and 
minimum curves (b) and (c )  of Figure 9A to seat the caisson to the 
spillway face . This procedure is explained in detail in Hyd • .Report. 
No. 264 on the " Operating Instructions for Mooring, Sinking, and 
Re.floating the Grand Coulee Face Caisson. 11 The most import.ant advantage 
of this procedure is that good stability of the upper end of the 
caisson is insured because the wheels are always in firm contact with 
the dam. Another advantage of this mooring procedure is that the 
necessity for removing some of the W'lter from the lower tank prior to 
sinking the caisson is eliminated. 

DISCU�SION 

T he 1 : 20 scale model was made similar to the prototype 
design previously described in the Introduction section of this report 
(Figure 10). T he model was bf sheet metal construction. The pumping 
equipment was not included because  it was unnecessary. To  admit and 
remove water from the ballast tanks and work compartment , copper tubes 
led from the compartments to the workdeck at the front end of the 
caisson. T he upper ends of these tubes were accessible with the 
caisson at any position, and a suction or water supply line - could be 
easily connected to the tubes to remove or add water as needed. Likewise 
the hoist machinery on the model was considered unnecessary because 
the cables which connected the caisson to its mooring post could be 
easily operated from the mooring post itself and accomplish the desired 
results. 
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Preliminary Floating Tests 

The model caisson was placed in the water initially to 
observe the manner in which it floated. With the ballast tanks 
empty, the freeboard was measured and it was found that the attitude 
was very nearly that anticipated for the prototype except that the 
rear lef't corner was slightly lower than the right. As water was 
placed in the lower ballast tank, the back end of the caisson 
submerged slowly on an even keel until it was tilted to an angle of 
approximately 10°. Then, as water was added in very small quantities 
the submergence increased rapidly until the angle of t ilt became 
approximately 70°. As the caisson tilted, it appeared to rotate about 
a horizontal axis or pivot located at the front end near the water 
surface. When tilted more than 45°, the caisson developed a list, 
tipping sidewise to the left nearly 15° . Although the natural tendency 
was to tip to the lef't , if a small counterbalancing weight were added 
to the right side, the caisson could be made to tip in either direction. 
It was not stable and would not remain in an upright position, and 
the listing was apparently caused by a shirting of the water load in 
the lower ballast tank. To obtain an indication of the forces required 
to right the caisson, a line was attached to the front corner and 
pulled to level the caisson transversely. A force of approximately 
11,200 pounds (1.4-pound model) was required. 

Suggestions to prevent this list included holding the 
front wheels against the race of the spillway, using control lines, 
and dividing the lower ballast tank int,o three compartments to prevent 
shirting of the water load. The latter idea seemed most practical, 
and a study was made to determine the proper size of the compartments .  
It was desirable to have the compartments nearly the same size, but 
at the same time to have the outside compartments of such size that 
they could be filled before the caisson tilted appreciably. Thus it 
would be poss ible to control the tilting operation by filling the center 
compartment. To determine if this were feasible, the relation of tilt 
to the amount of water in the lower tank was studied. The caisson 
was first floated with all tanks empty, then known amounts of water were 
added to the single lower tank and the resulting angles of tilt measured. 
It was found that the lower tank could be filled 70 percent before the 
ti.lt would exceed 8° , and before the rate of tilt would increase 
greatly with additional amounts of water (Figura 11).  Therefore , it 
was decided to make the center compartment 20 feet wide and the side 
compartments 17 feet 6 inches widA ; for, with the side compartments 
filled, the angle of tilt would then be approximately 6-1/2°. This 
would provide ample safety against passing through the region of sudden 
change in tilt by the addition of small quantities during the filling 
of the center compartment. 
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Developnent of the Final Model Design 

When the model was revised by separating the lower ballast 
tank into three compartments., refinements such as wheels., .the hoist 
frame ., timber bumpers, and seals were added (Figures 10 ., A., B). The 
pumping equipment and hoist machinery were not included since they 
were unnecessary. The first test was to float and tilt the caisson 
in a manner similar to that of the preliminary test. When the two 
outer compartments of the lower ballast tank were filled, the tilt was 
approximately 6-1/2° . As the middle compartment was filled slowly, 
the caisson settled on an even keel without listing laterally, and if' 
tipped sidewise would right itself. With the three compartments of the 
lower ballast tank filled, the angle of tilt was approximately 80°

., 

and when floating in this position, a small force or wave action would · 
cause the caisson to bob up and down in a manner similar to a float
ing cork. It was attempted to overturn the caisson by rotating it 
through an angle of 90° but this could not be done without exerting 
an unreasonably large force. It was apparent that the caisson would 
operate satisfactorily in all respects without further revisions. 
Thus the model represented the final des·ign. 

Studies of the Mooring Operation 

The model caisson is shown in various positions during 
the mooring operation in Figures 12 and 13., The importance of a study 
to ascertain a proper procedure for mooring became apparent in preliminary 
tests of this maneuver ; for an improper amount of water in the ballast 
tanks would either cause the A-frame and mooring post to become overloadeq 
or would cause the A-frame to exert an upward thrust against the 
mooring post., lifting the wheels from the face of the spillway and 
creating an unstable condition. 

Sufficient water was placed in the ballast tanks to permit 
the caisson to be tilted and attached to the mooring post by a small 
pull on the A-frame. The river water elevation was then changed. When 
the river water was raised, the A-frame pushed upward against the 
mooring post and the wheels lifted off the spillway, but when the river 
water was lowered the pull on the mooring post increased. It was 
estimated that the force caused by a change in elevation of 1 foot was 
22 1 000 pounds, and it was apparent that should the river water elevation 
change during mooring operations., the amounts of water in the ballast 
tanks should be changed to meet the new conditions. 
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When the wheels were lifted off the spillway, the caisson 
was none too stable laterally, especially it sidewise currents existed. 
This condition was aggravated by the lateral control lines which 
would hold the lower end of the caisson in position while the upper 
end would be free to drift unless held by other means. It was possible 
to hold this upper end by the friction of the wheels against the 
spillway, or by the connecting guide on the mooring post. However, 
it -was found that the connecting guide was none too efficient in this 
respect because the guide shoe on the A�frame would rotate permitting 
the caisson to reove sidewise. The best method for insuring lateral 
stability was to hold the wheels firmly against the spillway throughout 
the entire mooring operation if this were possible. It was believed 
that the total wheel load force should be about 10,000 poundso 

The procedure outlined in Specifications No. 1108 for mooring 
the caisson when the water surface was above elevation 937.0 was then 
attempted. The caisson was floated into position in front of the 
spillway and given an initial tilt so the A-frame could reach the 
mooring post. When attached to the mooring post, water was placed in 
the upper ballast tank to lower the wheels against the spillway, but 
in doing so the angle of tilt increased rapidly and the lower edge of 
the caisson touched the face or the dam with a sliding motion. This 
was undesirable for such an incident in the prototype might damage 
the seals. The procedure was then modified by placing additional 
water in the lower ballast tank, but this not· only caused the tilt 
angle to increase, but also caused the caisson to lift upward, pushing 
the wheels away from the spillway. A satisfactory procedure was 
worked out by ( 1) tilting the caisson so the A-frame could reach the 
mooring post ; (2) rel'iloving some water from the lower ballast tank ; 
(3) placing water in the upper ballast tank; and, if necessary, (4) again 
placing water in the lower ballast tank. The removal of water from 
the lower tank after the caisson was moored prevented the lower end of 
the caisson from touching the spillway, but it was found that if too much 
water was removed, the mooring post would become overloaded. It was 
apparent that further tests of a quantitative nature should be made to 
determine the amounts of water which should be removed or placed in the 
tanks. 

In tilting the caisson against the spillway, it was found 
that the operation could be aided by applying a force to the lateral 
control lines , for when these lines were under tension there was a 
component of force pulling the lower end of the caisson toward the 
spillway. While this might be a useful maneuver in case of necessity, it 



is not recommended that it be relied upon. Accordingl.3", the mooring 
operations described in  this report were made with negligible tension 
on  t he lateral control lines or j ust taut. 

It appeared that the a bove procedure for mooring the caisson 
might become complicated in  that several steps of filling and remov
ing water from the ballast tanks might be necessary. Moreover, the 
wheels would not be helq against the spillway during that part of the 
mooring operation where the guide shoe on  the A-frame contacts the 
connecting guide and slides into positio n at the mooring post ; and as 
previously explained, the caisson would be at the mercy of the lateral 
currents . Therefore a new mooring procedure was studied whereby the 
caisson  would be pulled to the mooring post by means of a ca ble from 
above threaded through a block on the mooring post and attached to the 
A-frameo T his cable could be supplied by the cra ne on  the roadway a t  
the top o f  t he dam or by other co nvenient means.  Th:e idea o f  pulling 
the caisson to the mooring post originated when it was found that the 
force of the wheels against the spillway would be practically the same 
as the force on  the cable during the pulling operation. T he procedure 
tried on  t he model was as follows : (1) water was placed in  the lower 
ballast tank to tilt the caisson sufficientl.3" to reduce the pull to a 
desired limit, but not enough to tilt the caisson beyond t he slope of 
the dam, (2 ) the caisson was pulled to t he mooring post and secured, 
(3 ) water was then placed in the upper ballast tank to sink the 
caisson agains t  the spillway without lifting t he wheels off the spillway 
or causing the lower end of the caisso n  to strike the spillway first. 

T here appeared to be some adva ntages in ea ch of the two 
procedures , but. the second is preferred since ·it provides better con
trol and sta bility of the caisson. 

S ealing and Refloating the Cai§.§2!} 

Once the caisson was moored and sunk,  the important operation 
of unwatering the work chamber would commence. No difficulty was 
experienced with the model during this operation, for the sea ls held 
tightly. Moreover, it was discovered that when a small amount of water 
was removed from the work chamber, the unbala nced pressures caused the 
caisson to be pushed tightly against the spillway, further aiding the 
s ealing operation. T he action should be the same in the prototype. 
However, if there are bad spalls in  the surface of the spillway face 
under the seals , difficulties might be encountered in the unwatering 
operationo These are prototype problems. However,  if trouble is 
enc6untered in the prototype, the operator must be careful in filling 
the ballast tanks to exert pressure against the spillway, for he may 
easily overload the mooring post. 



The process of refloating the caisson was to place desired 
quantities of water in the ballast tanks for the existi ng river water 
elevation at the caisson location and to refill the work chamber. it 
was anticipated that the work chamber could be filled above the water 
surfa ce i n  the tailrace to build up a force to break the seals loose, 
or it might be possible to supply this force by emptying the ballast 
tanks. No difficulty should be encountered unles15 the rubber seals 
of t he prototype became stuck to the concrete on the spillway; although 
such a circumstance is not likely. T he refioa ting operation was first 
performed with the ballast tanks empty am with the A-frame atta ched 
to the mooring post. As soon as the work chamber was filled, the 
caisson broke free and lunged upward against the mooring post pushing 
the wheels off the spillway. T hen, as  it leveled off, the wheels 
dropped against the spillway causing a severe j erk on the mooring posto 

The forces on the mooring post were far in excess of the designed load 
limit of 65, 000 powns. It was thus apparent that such a procedure for 
refloating the caisson should never be attempted. 

T he next test was to refioat the caisson by pumping the 
ballast tanks empty but with the A-frame dis connected. In this case, 
the caisson lunged upward, but with the wheels rolling on the spillwayo 
The next movement was downward with the lower end of the caisson 
lifting away from the spillway and the wheels rolling against it. T his 
was followed by another upward and downward surge until tne caisson 
leveled off. As the caisson leveled off, it moved away from the spillway. 
As far as could be seen, this method of refioating would be satisfactory, 
but it is not to be recommended for the personnel a board would be 
subj ected to a rough ride, and it is doubtful 1;f' aey control could be 
exerted by the pulling-in and lateral control lines . 

This refloating operation was repeated , but with the lower 
ballast ta,nks about 75  percent full. In this case the wheels rolled 
down the spillway and at the same time the lower end of the caisson rose 
to the surface. As the wheels submerged and as the caisson leveled, the 
momentum forced it away from the spillway. T he a ction in this case was 
not nearly as severe as in the former trials , and it was concluded that 
the caisson could be safely refioa ted by releasing it if the lower ballast 
tanks were about 75 percent full. However , this type of release would 
mea n  that the pulli ng-in and lateral control lines could not be attached 
for the sudden movements might brea.k the lines. A test was made by 
tilting t he caisson sidewise as it was released from the spillway to 
determine if it would refioat properly if it were listing as �t rolled 
down the spillway. Aside from being pushed away from the spillway in 
a different direction tha n formerly, no adverse effects could be 
observed.a 
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The safest refloating procedure found was to reverse, 
step by step, the procedure for mooring and sealing o However , it 
would be necessary to ad�st the water in the ballast tanks to 
compensate for changes in river water elevation; for instance, if the 

. caisson were moored with the river water at elevation 937 00  and 
refloated when the river water was at elevation 9430 0,  the quantities 
of water in the ballast tanks would have to be changed. 

Similarity Between Model and Prototype Weights 

It was desirable to determine the similarity of the model to 
the prototype with respect to weight, location of the center of gravity, 
the floating positions, and the amounts of water which could be placed 
in the ballast tanks. Then, it would be possible to make adjustments 
and corrections to the model to make it as similar to the prototype as 
possible. All water was removed from the ballast tanks, and the 
caisson was weighed, balanced to find the center of gravity, . and floated 
to determine the freeboard at each end u These results , compared with 
the design values in Figure 14, indicated that the model was relatively 
heavier than the prototype , that its center of gravity was closer to 
the front, and that the front of the model floated deeper in the water o 
The amount of water each compartment of the lower ballast tank and the 
upper ballast tank could contain was measured and found to compare well 
with that of the prototype estjmate. 

It was believed exredient to make a correction to account for 
the excess weight of the model . To do this without difficult revisions, 
the excess weight was accounted for by assuming that the model was 
correct, but that a certain amount of w�ter was contained in the upper 
and lower ballast tanks . To have a model of the same weight as the 
prototype and with the same location of the center of gravity, the 
equivalent excess weight of 33,000 pounds was divided into two parts, 
20, 800 pounds for the upper ballast tank , and 12,200 pounds for the 
lower tank o Since the capacity of the upper tank was 238, 000 pounds , 
it mu.st be assumed that it was initially 8 . 73 percent full; likewise, 
since the capacity of the lower tank was 300 ,000 pounds , it must be 
assumed that it was initially 4 .07 percent full . 

The est_imated weight of the prototype caisson of 507,000 
pounds was uncertain , and may have not included some features such as 
hoisting machinery on the platform, nor the additional material required 
to divide the lower ballast tank into three compartments. Finally, 
if the trim tank above the upper ballast tank at its right side were 
filled ,  the actual weight could be considerably more than that of 
the estimated 507 ,000 pounds@ 
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It was believed desirable to add an additional 9,000 pounds 
to account for the possible loads which were not considered in the 
original estimate of the prototype weight; for example, the material 
required to divide the lower ballast tank into three compartments� 
Therefore, it could be assumed that the ballast tanks of the model 
were initially filled with the equivalent 24,000 pounds of water, with 
the upper ballast tank 6.36 percent full and the lower tank 2 o 95 percent 
full. However , the results of the model t ests were not analyzed upon 
this basis� but upon the estimated 507,000 pounds0 It was believed 
that if an error were made in the weight estimate, it would not be 
significant because the reconu:nended quantities in the ballast tanks 
would not differ more than 2 .4 percent for the upper tank and 1 . 1  percent 
for the lower tank. 

Change in Angle of Tilt and Elevation of Front End for Various Amounts 
of Water in the Lower Ballast Tanks 

To study the tilting operation quantitatively,  the side 
compartments of the lower ballast tank were filled and then the center 
compartment filled with measured amounts of water . The upper ballast 
tank was empty or equivalent to 8 .. 73 percent full with the caisson 
weight correction applied9 The relation of t,ilt angle to the total 
percent of water in the three compartments of the lower ballast tank 
was compared with measured values of the original. model, and found to 
be similar, indicating that the increased weight of the final model 
had only a minor effect upon the angle of tilt (Figure 11). The bailast 
tanks were then emptied and the te st repeated. However, this time the 
three compartments of the tank were filled uniformly maintaining the 
same depth in each.  The results were nearly identical with the former 
test and it was concluded that either method may be used9 

The relation of tilt angle to the percent of water in the 
lower ballast tank would be difficult to measure directly when the 
prototype caisson is in operation. Either the curves of Figures 6 and 8 
or the curve in Figure 7 would have to be used. The curve of the 
specific:1.tion drawing " Ballast Required to Tilt the Caisson" is shown 
enlarged in Figure 15, and model data are included for purposes of 
comparieon. Considering the fact that the model was heavier than the 
prototype , this comparison is fairly close • 

. Another comparison , by use of the L curve of Figure 15, 
shows the height L the front end of the caisson will lift out of the 
water for a given angle of tilto It is noted that the model curve 
does not agree with the prototype estimate , although similar in shapeo 
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This is to be expected since the value of L depends upon the weight 
and submergence or the caisson. Since the model is comparatively 
heavier, the model curve should indicate smaller values of L ,  as it 
does, and it is possible to correlate t hese model and prototype curves 
for any given angle of tilt by computing the force which sinks the 
model deeper. This force was computed to  be approximately 29,500 pounds, 
and t hus the actual comparison of total weights will be 540,000-29, 500 
or 510, 500 pounds, while the prototype estim3.te is 507,000 pounds0 

Change in Angle of Tilt for Various Amounts of Water in Both Ballast 
Tanks 

The relation of the angle of tilt while floating  to the amount 
of water in the lower ballast tank had been studied previously 
(Figure 11) . In that test corrections had been made to account for 
the heavier model by assuming th�t the upper ballast tank was initially 
8. 73 percent full and the lower ballast tank was 4 .07 percent full. 
These corrections had been based upon the weight of the dry caisson . 
When t he tests were repeated to study further the relation of tilt with 
respect to the various amounts or water, not only in the lower ballast 
tank, but also  in the upper, it was found that the weight of the model 
caisson had been increased several pounds evidently due to water in the 
t .mks which could not be removed . By assuming this increase to be 
divided equally between the upper and lower tanks, it was estimated 
that the lower tank would be initially 7. 49 percent full and the upper 
tank 13. 03 percent full. 

When the relation of tilt angle· to percent of water in the 
lower tank, considering the upper tank to  be empty, was compared with 
the former test it was found that the two curves did not agree (Figure 16 ) .  
However, the . actual amount or water placed in the lower ballast tank 
to  tilt the caisson to a giv�n angle was nearly the same in both tests 
and the two curves differed only by t he amount of their lower tank 
corrections, 4.07 and 7.49 percent full. This was to be expected since 
t he angle of tilt depends primarily on the 3.Jllount of water in  the lower 
ballast tank .  It was concluded that there was also additional unaccounted
for water in the ballast tanks during the previous test, and that the 
correction of 4.07 percent was insufficient. Although this discrepancy 
does not appear to be important, it serves to emphasize that in the 
prototype t he amount of water required in the ballast tanks for a given 
tilt angle may be different from t hat in dicated by the model tests. 
For t his reason, it is recommanded that the relation of tilt angle to 
the amount of water in the ballast tanks be determined by field test s 
before the mooring operations are begun, and that the correction obtained 
be used to modify other data of this report. 
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Figure 16 also shows the relation of tilt angle with the 
upper ballast tank filled 20, 40 , 60 » and 80 percent .  Le ss water is 
required in the lower ballast tank for a given tilt angle when there 
is water in .the upper tank, but the tilting operation depends mainly 
upon the amount of water in the lower tank .. A critical tilt angle 
exist s at about 10° where below this angle the amcunt of water in 
the upper tank does not affect the t ilt appreciab1yo At lesser angles 
an increase of water in the upper ballast tank will decrease the tilt 
when the caisson is not moored .. Where it is necessary to tilt the 
caisson more than 20° , the addition of a small quantity of water in the 
lower tank will cause a comparatively large increase in tiJ t , and the 
adjustments may require careful manipulation on the part of the operator 0 
Also this condition is accentuated a s  the upper tank is  filled , thus 
it may be well for the operator to perform the tiltine operations with 
the upper tank nearly empty,. ( Amount depends on required wheel load 
on spillway and river water surface elevation ,. ) 

Determination of the Amount of Water Needed in Ballast Tanks 

In the preliminary mooring tests it was demonstrated that 
the amount of water necese�ry in the ballast tanks during the mooring 
operation would depend upon the manner in which the caisson was moored, 
and upon the river water surface elevation ., v�·hen it was attempted to 
study the problem further , it was found that the followin� factors 
were involved : ( 1) the river water surface elevation ; ( 2 ) the amount 
of water in the lower ballast tank ; ( 3 )  the a.mount of water in the 
upper ballast tank ; (4 )  the angle of tilt of the caisson when floating ; 
( 5 )  the elevation or height t o  which the front end of  the caisson 
lifts out of  water to reach the mooring post ; ( 6 )  the angle of tilt of  
the caisson when moored ; (7 )  the force on the mooring post when moor�d ; 
( 8 )  the variation of force on the mooring post as  the caisson is being 
pulled to  the mooring post ; ( 9 )  the force of  the wheels against the 
spillway when moored ; ( 10 )  the variation of force on the wheels when 
the caisson is being pulled to the mooring post ; and ( 11 )  the effect s 
of external influences such as extra weights  on the caisson, or water 
in the upper side trim tank, or forces on the lateral control lines 
all of which are unknown. 

In Factor 1 ,  the water surface is  independent of control and 
might be any value between elevations 93 5 G O  and 945 ,. 0 o  Factor 11, the 
effect of the unknown external influences ,  will have to be considered 
at the time of the actual mooring of the prototype, and will not be 
discussed further in this report. Factors 2 and 3 j the amount s of water 
in the ballast tanks are adjustable j thus making it possible to obtain 
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desirable values of Factors 4 to 10 for given values of Factor 1. 
It follows that Factors 1, 2, and 3 are the independent variables and 
Factors 4 to 10 are the dependent variables. To determine the dependent 
variables tests were made by placing various quantities of water in the 
ballast tanks (Factors 2 and 3 )  and then measuring the angle of tilt 
and the height the caisson lifts out of water (Factors 4 and 5 ) . Next, 
the caisson was moored with various water surface elevations, and 
Factors 6 to 10 were measured.  The dependent variables were mea.sured 
for the free floating and mooring operations with the lower ballast 
tank 7 049, 24.07, 44.07, 64.07, 69.07, 74.07 ,  790 07 , 81 .57,  84.07, and 
86 . 57 percent full; the tipper ballast tank 13.03, 18. 73, 33.73, 48. 73, 
68. 73, and 88. 73 percent full, and water surface elevations of 935 .0, 
937 00 ,  939. 0, 941.0, 943.0,  and 945 .0.  Through these various 
combinations , it was possible to anticipate any operating condition 
which might arise. 

Angle of Tilt Required for Mooring--Caisson Floating 

One of the steps of the proposed mooring operation was to 
tilt the caisson sufficiently for the A-frame to reach the mooring post ,. 
It was anticipated that this operation could be accomplished only with 
the river water surface above elevation 936.o, because at the lower 
elevations the caisson would have to be tilted beyond 51°20 1 , the 
spillway face angle. However, it was found that the model could not be 
tilted to reach the mooring post with the water surface below 
elevation 938.o ,  since the· height to which the caisson could reach was 
dependent upon its weight. Figure 17 shows the required tilt angle 
for various water surfa·ce elevations. Two curves are shC1wn, one for 
the estimated weight of 507 ,000 pounds for the prototype and the other 
for the model weight equivalent of 540,000 pounds. It was believed 
that the actual conditions will lie between these curves, and must be 
determined by the operators in the fi�ld. The operator must exercise 
caution in tilting the caisson l-rhen the water surface elevation is low 
to avoid tilting beyond the spillway slope of 51°20 1 ; while on the 
other hand, he must avoid tilting the caisson further than necessary 
when the water surface is high . In that case the A-frame may have to be 
lowAred to reach the mooring post, and as outlined in Instruction 4 
of Figure 7 ,  the peaking lines could be overloaded. 

Angle of Tilt for Various Amounts of Water in Ballast Tank--Caisson Moored 

It is believed that the caisson should never be tilted to 
the slope of the spillway until it is secured to the mooring post, and 
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that the tilting after it is moored should proceed with the wheels 
held against the spillway so the lower end will not strike the 
spillway first and drag the seals. The angle · of tilt of the caisson 
when moored depends upon the water surface elevation, and the amount 
of water in the upper and lower ball�st tanks. Accordingly, in the 
detailed tests one step was to measure the tilt angle with the 
caisson moored. The data wa-s arranged to give the dashed curves of 
Figure 8 ,  which shows the relation of tilt angle in degrees to percent 
of water in the lower ballast tank for the upper ballast tank 10, 20 , 
l+O , 60 ,  and 80 percent full. Curves are shown for water surface 
elevations 935.0 ,  937 .0 , 939.0 , 941.0 ,  943.0 ,  and 945.0. With the 
information given on Figure 8, any condition may be determined by 
interpolation. 

Several limitations are imposed upon the curves of Figure 8 .  
No information is shown for the lower ballast tanks less than 40 per
cent full, because all operations must be made with the lower tank 
65 to 85 percent full or the loads on the mooring post will be 
excessive. The curves were not extended beyond the point where the 
lower tank was 85 percent full although the tilt angle of 51°20 1 was 
not reached in every case. This was because,  if the vertical tilt 
angle was not reached, there would be an upward thrust of the A-frame 
against the mooring post with the tank more than 85 percent full. 
In correcting for the excess weight of the model it was assumed that the 
upper tank was 13.03 percent full,  and a curve for the empty condition 
would have to be obtained by extrapolationo However, the data did 
not warrant this for it was of such a nature that the curv€11 shown for 
the tank 10 percent full might also be used as the O percent curves 
without excessive error. 

Force on Mooring Post for Different Tail Wate�. �Elevations and Various 
Amounts of Water in Ballast Tanks 

In addition to showing the angle of tilt when moored , Figure 8 
shows the force on the mooring post for the various combinations of 
water surface elevations and amounts of w�ter in the tanks. It is 
emphasized that the forces are greater than the designated strength of 
the mooring post and A-frame , 65,000 pounds , whenever the lower ballast 
tank is less  than 65 percent full, and that under certain conditions 
this force became zero �Tith the lower tank about 80 to 84 percent full. 
The force curves for different amounts of water in the upper ballast 
tank followed a definite pattern, the forces decreasing rapidly as the 
lower t�k was filled until the tilt of the caisson was 51°20 1 • The 
forces increased rapidly with further amounts of water in the lower 
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ballast tank, for the caisson was resting against the spillway and 
the additional amounts of water acted directly upon the mooring post. 

Force Required to Pull Caisson up the Face of the Spillway to Mooring 
Post 

If it is found expedient to pull the caisson up the spillway 
face to the mooring post, it is necessary to know the pulling forces 
required. Therefore, for each of the combinations of water quantities 
in the upper and lower ballast tanks and the different river water 
surface elevations, the model caisson was slowly pulled to the mooring 
post, and the pulling force on the A-frame measured. This pulling force 
remained surprisingly constant during the mooring operation. As soon 
as the caisson was lifted a small distance out of the water, the pull 
increased to approximately that required to hold it in final position 
to the mooring post , and the magnitude did not change appreciably as it 
was pulled up the spillway face . Thus for given amounts of water in 
the ballast tanks, the pull is independent of the water surface elevation. 
However, as demonstrated by the model , if the mooring operation proceeds 
too fast the pull may increase as much as 100 percent because the tilt 
angle might not change rapidly enough to establish the balance with the 
pulling force. Moreover, if the operation proceeds too fast, the 
caisson will likely rock about the wheels after it is moored and cause 
a considerable fluctuation of force on the mooring post. 

It was concluded from these observations that the force to 
pull the caisson to the mooring post will be practically the same as 
the force when moored, and that the force curves of Factor 7 will be 
applicable (Figure 8) . However, these conditions hold only when the 
angle of tilt does not become so great as to cause the caisson to drag 
against the spillway surface. 

Force Exerted on Face of the Spillway by Caisson Wheels when Caisson 
is Moored 

The desirability of having the wheels in contact with the 
spillway has been discussed previously, and accordingly, the wheel loads 
were measured at the same time that the forces on the mooring post and 
the forces to pull the caisson to the mooring post were measured. These 
measurements were made by lifting a wheel just off the spillway with a 
small spring scale. It was found that the load on the two wheels was 
approximately 100 to 120 percent of the force on the mooring post at 
all times. Therefore ., it may be concluded that for all practical purposes 
the force of both wheels against the spillway will be the same as the 
pull on the mooring post, and �hat the approximate wheel load is given 
by the curves of Figure 8. 
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BLOCK HITCH FOR PULLING-IN LINE 
ONE REQUIRED 

PJ. 6iix lxo' -ef�. 

ANCHORAGE FOR LATERAL CONTROL 
LINE BLOCK 

ONE REQUIRED A S  SHOWN 
ONE REQUIRED OPPOSITE HAND 

t 
I ' /II �PIs. 2. xl; xI-8, 

Pulling-in n.,--Pin P7 

,q; Caisson 

·r __ _ _ _ i_'.:-_6_" __ _ _ _ _ _  
j Casting Cl- - -----

, Dnll 1['-1-Ji; d,a 

" , \ hole for 1_1'.:0!�1
- - - - �ls 2Jdx i '-8f\--

1f �L ! • � � If : 
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i - --: - - -. 
\ � / '-Hole for pin of 

·--?" Chamfers ---· · //"double-sheave 
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BLOCK HITCH 
FOR PEAKING LINE 

ONE REQUIRED 

4" 1<----->ol 

: .. (L_ 
� r�t ! 

�-- ---�:'' ,,-------¾ 
Fimsh o/1 over--··: ·25 '<2·x £' Cotter pin 

PIN P 7  
ONE REQUIRED 

r2f.' 5• -

,, -� � - s D10. 
i Dia. pin with ; ! 

cotter pm---
� 

i:::_'r(_std. r iron shackle 

----Contraction 
joint 

:Contraction joint --.: 

; 5"oouble-sheave 
: block tor , {'coble 
' with swivel shackle; 

2 required. -.
) 

SHACKLE K2 
SIX REQUIRED 

Block anchorage 1----
,.__j_ __ 
L. 

B ··--Shackle K2 

-------Two - drum oir hoist- see Owg. 222-0-9691. -- ..- -
-- - -Symmetrical about (f_ caisson 

- - -- Single -drum air hoist; lifting capacity 
1,000 # @ 80#/sq. in pressure; coble
carrying capacity of drum 325ft. of ,r 
dio. cable; approx. weight 275#; approx. 
over -all dimensions 25ixi5'x l9f. 

,,-Lateral control line hung on side of caisson 
r-- when not in use. 

Open- socket fitting tor ;.· coble · on ,· -- ·-- -shackle K2 

.. ---Pulling -in line; four-port line of i" coble -
/ 200 ft of cable required. 

11" Double -sheave blocks for r coble ;, -Open-socket fittings for i" coble; 2 required. 
2 required / _ .

.. -- -I2"oia. sheoves, see Owg. 222-0-9691. 

C Shackle Kl--·-. / 
r-

,.·'/ : 

/ _.--Peaking hne; four -port line of f' coble; 

y . _._._� : :  
_ :' /00 f t  o f  cable required 

L_J,-::::;:::;;;;;;;::;;;;�����- <---------¾"Plate -see Owgs. 222- o - 9685 and 9686 . . . C:· . 

Block- - -- :>,"· : 
0 

. - -- - - - ---Two -drum oir hoist; see owg. 222-0 -969I; ' one required. 
- ------Single-drum oir hoist; 2 required. 

FIGURE 4 

C 

--,,--- Lateral contol line 
pin of 6" double -sheave block;/ required:·· ···6'' Double -sheave block for f." coble 

with swivel shackle ; 2 required. . . . . .  
. , . . 

P L A N  C - C 

-- - --Lateral control line; four -part line of ;i"  
coble ; 575 ft. of coble required on each side. 
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¾" Plate-see 
Dwg. 222- D -9683; 
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NO T ES 
All sheaves are to be furnished with self-lubricating bushings. 
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" ---.:,..,. 

A ir p u mp - _  
.......... 

··{ Pi p e ---/ 
NOTE :  Cu r v e s a pp ly w h e n  

ca s s io n  i s  floating free, 
moored or sea le.d to 
spi l lway face, and with 
no l isting .  
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- - - L e f t  compa r tm e n t  l ine  
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' " p ·  -

8 ,pes - - -

L o w e r  b a l la s t  
to n k  
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1 0  

- - - - -Rig h t  compa r t m e n t  line 
(3 c o m p a r t m ents) - - - - -

He a d - Ti f t  c u r v e s  for Ce n te r  Co m p a r tm en t  
with  S ide  Co mpor t m e n ts f i l l e d  95 %.- -, 
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'H e a d - Tilt  cur ve fo r S ide  C o m p a r tm e n ts 
to fill th e s e  Co m p a r t m e n t s  95 % .  Center 
co m p a r t m e n t  empty. 
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COL UM BIA BASIN PROJECT- WASHING TON 
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DE TE R M I N A TI O N  OF A M O U N T  OF WA T E R  

I N  L OWER B A L L A S T  TA N K  



Contraction joint--. 

Contraction joint- --, 

Guide shoe --·· 

I. Caisson floated by tug 
or work barge into approx
imate position in front of 
spillway. 

2. Pulling- in line and lateral con 
trol Imes attached to spillway. 

3. Caisson tilted port way toward 

__ .-··· Trimming tank 

P L A N 

slope of .8:I and any lateral list which 
develops corrected by changing the amount 
of water in the trimming tank. 

4. A-frame lowered till guide shoe rests on con
necting guide, and peaking line slacked off (If 
caisson is tilted at slope of .e:11 peaking line will 
be loaded to capacity of hois when angle e 
reaches 78°±.} 

ELE VA T I O N  

STA G £  I 

.-Anchor 
' costing C I  

· - - -j --··sing/e - drum hoist 

;.--·Double - drum hoist 
··· : .. ,:: of block and caisson 

P L A N P L A N 

, - - - Trimming tonk of for end 
of air chamber 

Range of water level during 
operation of caisson.\ 

5. Caisson pulled toward spillway 
by pulling-in line, being mean
while worked into a position nor-
mal to axis of spillway by lateral 
control lines. 

6. Connection to sp,J/way made by insert
ing pin P2 thru' castings Cl and c2 ( see 
Dwg. 222-0-9690. ) ( If water surface is lower 
than Et. 936.20, caisson will hove to be lifted up 
by the work barge crane or other means to bnng 
apex of A-frame high enough to make the connec
tion. ) 

E L E VA TI O N  

S TA G £ 2 

El. 945.00··, · · · · · · __ , ___ ····t 
� - ======-----====--_ _  -� - - -- - -- -r-

E/. 935.00··"-- - - ---� 7. Caisson sunk into place 
on face of spillway, being 
held normal to sp,llway axis 
by lateral control lines and 
held against /oferol list- by vary
ing the amount of water ,n the 
tnmming tank if necessary. 

8. Caisson sealed by placing additional wa
ter in ·bollost tonks - see note at right 

9. Tires deflated to prevent possible overload 
on wheels when working space is unwotered. 

10. Working space unwotered. 
II. Nut on pin P4 loosened ( see Dwg. 222-0-9690 ) 

and pin P2 withdrawn to prevent possible over
load on A - frame due to temperature change. 
Threads on pin P4 should be kept well greased to 
facilitate loosening nut. 

12. Air chambers drained of leakage. 

E L E VA TI O N  

S TA G £ 3 

FIGURE 7 
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NORMA L FLOATING POSITION OF CAISSON 
( N O  WAT£R I N  £/THE:R BALLAST TA NK) 
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OF FRONT ENO OF CAISSON, IN FEET 
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BA LLA ST R E Q U I R E D TO TILT CA I S S O N  

Head H, 

( N O  WATER I N  U PPER BALLAST TA N K )  

in upper ballast tank-

.Ml 
.i!i !lHff 

+II i>!iW 
mi ffl 

ctE 
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,; ltt+ ,. ,Jc If! 
... �!Ji!' w 
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<fflli! W -
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if mm 

# = 
mi Head Hin lower ballast tank-· 

937 

936.20·· 
936 ·I Pu/fl- in �-I le!<"' 

,· Reaction, R, between concrete 
: and caisson wheels I : IW!ll!t 

11111!' 
A- rome-

4 5 6 7 8 9 10 
HEADS OF WAT ER ,  H A N O  Hi, IN FEET 

10 15 20 
FO R C E S  P AND R IN T H O U S A N D S  OF POU N D S  

j !!!ti 
12 

20 

BALLAST R EQ U I R ED TO S I N K  CAI SSON I N TO PLA C E  

ON S PI LLWAY FACE 

13 

For water surfaces at and above El. 936.20, water added in bc l lost tonks, for seal ing the 
ca isson, to a total depth of 3.6 � feet in excess of ( H+H 1 ) will load the A-frame to its design
ed capacity of 65,000 pounds. For water surfa ces below El. 936 20, the al lowable total depth of 
water used for sealing must be reduced by .000056 times initial pu l l ,  P, in the A-frame . 

GENERA L N O TES 
R EFEREN CE D RA WING 

, . 

Before placing operations ore un
dertaken the loterol list of the 
caisson should be corrected by 
portiolly filling the trimming 
tonk. 

FA C E  CAISSON - RIGGING ARRA NGEMENT ... .222 - D - 9712 

The curves shown on this draw
ing ore subject to some modi
fication due to the weight of 
the trim, to deviation of the 
actual weight of the caisson 
from the colculoted weight, 
and to differences between 
the actual and colculoted dis
tribution of weight. 
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FA C E  CA ISSON 
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A .  Top of caisson from left front corner . 

B .  Cai sson tilted to show working space on under side . 

Grand Coulee Spillway Face Cais son 
l : 20 Scale Model 

Figure 10 
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A. Caisson floating in position for mooring. 

Figure l2 

B .  Cai sson tilted for mooring by placing water in lower ballast tank o 

Mooring of Grand Coulee Spillway Face Caisson 
to face dam. l : 20 Scale Model 



A o Caisson attached to mooring post read,,y for sinking operation. 

B o  Caisson sealed preparatory to unwatering work chamber . 

Sinking Grand Coulee Spi;I.lway Face Caisson 
in place on spillway face . 1 : 20 Scale Model 

Figure 13 
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