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FOREWORD 

The model investigation reported herein was authorized by the Office , 

Chief of Engineers , in 3d indorsement dated 5 September 1968 to a letter 

dated 19 July 1968 from the Lower Mississippi Valley Division , Vicksburg , 

Miss . 

The study was conducted in the Hydraulics Division of the U. S . Army 

Engineer Waterways Experiment Station during the period October 1968 to 

May 1969 under the direction of Mr . E. P . Fortson , Jr . , Chief of the Hy

draulics Division . Tests were conducted by Messrs . H. H. Allen and N. R. 

Oswalt under the general supervision of Mr . T. E. Murphy , Chief of the 

Structures Branch . This report was prepared by Mr . Oswalt and reviewed 

by Mr • Murphy . 

During the course of the study, Messrs . J . Harz III and J . R. Tuttle 

of the LMVD ; COL H. R. Haar , District Engineer , Messrs . R. V. Franklin, 

W. A. Wiss , D. Marsalone , J . S . Henderson, H. Ussing, T. J. Buhler , R. J . 

Hardy, H. R. Schorr , and H. L. Brownlee of the New Orleans District ; and 

others visited the Waterways Experiment Station to observe model operation 

and discuss results . 

Director of the Waterways Experiment Station during the conduct of 

the tests and preparation and publication of this report was COL Levi A. 

Brown, CE; Technical Director was Mr . Fred Brown . 
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CONVERSION FACTORS, BRITISH TO :METRIC UNITS OF :MEASUREMENT 

British units of measurement used in this report can be converted to metric 

units as follows : 

Multiply By To Obtain 

inches 2.54 centimeters 

feet 0.3048 meters 

miles (U . S . statute) 1 .609344 kilometers 

pounds 0.45359237 kilograms 

kip- feet 1355.818 newton-meters 
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SUMMARY 

In southern Louisiana , several existing sector gate locks, including 
Bayou Boeuf, Freshwater , and Calcasieu , have experienced operational dif
ficulties during rever se heads of 1 . 0 ft or greater . The sector gate would 
stall at a small opening , which often r esulted in several hours of delay 
per lockage or , in some cases, a breakdown in operating machinery . A 1 : 20-
scale model with one set of gate leaves was constructed to measure forces 
acting on sector gate during r everse heads, develop feas ible modifi cations 
for elimination of stall at existing structures, and test a gate of new 
design for use in future structures . Observation of free gate movement 
(ori ginal Bayou Boeuf gate) revealed forces tendi ng to resist opening of 
the gate under reverse head conditions, and force s tending to open the 
gate under normal head conditions . Model force measurements were made 
using a +20- lb load cell rigidly connected to the center of a free gate 
leaf on a tangent and 42 .5 ft from the pintle . The oppos i te gate leaf was 
wedged at the desired opening . During most tests a 12- ft depth of water 
was maintained on the lower pool side of the gate , while head differen
tials up to 18 ft were tested for gate openings from l to 10 ft . 

Forces tending to resist opening of the type l gate under reverse 
heads were approxi mately seven times greater than the design force for a 
normal head . From past experiences and observati on of flow in the model , 
it was considered that head differentials across the members of the gate 
near the nose of each leaf probably caused a major portion of the load on 
the gate machinery. Three modificati ons (types 2 , 3, and 4) designed to 
reduce head differentials across the members near the gate nose were 
tested . The type 2 gate involved removal of the skin-plate lip closure , 
thus allowing flow between the 24 WF 76 vertical beam and the skin plate . 
The type 3 gate incorporated a 2- ft lengthening of the skin plate with no 
flow allowed between the 24 WF 76 beam a.nd the skin plate . The type 4 gate 
was a combination of types 2 and 3. Both types 2 and 3 made a 60 percent 
r eduction in the original gate forces , and type 4 reduced forces 70 per
cent . However, type 2 (the nose opening alone) gave the greatest force 
reduction for the least prototype change . Removal of the skin-plate lip 
closure f r om one l eaf at Freshwater Lock further indicated that the type 2 
modificati on would give the operators the ability to open the gates a suf
fic i ent amount for r easonable filling and emptying . 

Also, tests demonstrated the degree of further reducti on of reverse 
head forces that could be r ealized by use of shorter seal brackets attached 

. 
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to the skin plate of each leaf for sealing at the lock walls . Brackets 
4 in . long were considered the minimum feasible . 

A new sector gate designed by the New Orleans District, utilizing 
results of tests of the existing gates , was tested under similar conditions 
as types 1-4 and found to be very desirable for future use . The forces on 
this new gate were only about 20 percent of the forces on the existing 
gates . 

X 



OPERATING FORCES ON SECTOR GATES UNDER REVERSE HEADS 

Hydraulic Model Investigation 

PART I : INTRODUCTION 

Description of Prototype 

l. Bayou Boeuf Lock is located in the east Atchafalaya Basin protec

tion levee on the Gulf Intracoastal Waterway about 2 miles* east of Morgan 

City, La. The lock consists of two reinforced- concrete gate bays connected 

by an earth chamber with a timber guide wall on one side. The lock has a 

length of 1156 ft, a clear width of 75 ft, and a depth over sills of 13 ft 

at mean low gulf level. The gate in each bay is f ormed by two steel sector 

leaves approximately 30ft high and of 42- ft radius (plate 1). The lock 

provides for navigation through the levee, which protects t he area and 

communities east of Morgan City, La., from the floodwaters of the Atchafa

laya Basin . Calcasieu and Freshwater are locks of similar design . 

The Problem 

2 . The locks are filled and emptied through the sector gates which 

are designed to operate against both normal and reverse heads. Reverse 

heads frequently occur at these locks due to winds and tides or a combina

tion of the two . The problem at the south Louisiana locks was that reverse 

heads caused the sector gates to stall at small openings which resulted in 

excessively long periods of time for filling and emptying the locks. Also, 

in some cases sector gate installations serve as floodgates which at times 

must be closed under reverse heads . These gates have overhauled the oper 

ating machinery, slammed shut, and damaged the machinery. 

* A table of factors for converting British units of measurement to metric 
units is pr esented on page vii. 
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Purpose of Model Study 

3. The basic purpose of this model study was to determine forces 

required for opening the sector gates under reverse heads and to aid in 

determining the most feasible remedy for reducing these forces on existing 

prototype sector gates. A second purpose was to assist in development of a 

new sector gate design that would have minimum loading for both normal and 

reverse heads . Several structures, such as Bayou Bienvenue, Seabrook, 

Dupre , and Rigolets Locks, and Chef Menteur Pass, Golden Meadow, and Larose 

floodgates~ which are in planning at this time, could be assured of trouble

free sector gates by development of a new design. 

2 



PART II: THE MODEL 

Description of Model and Appurtenances 

4. One set of the Bayou Boeuf lock sector gate leaves , recesses, and 

approximately 150 ft of upstream and downstream topography were reproduced 

at a 1 :20 scale (fig. land plate 2) . Both gate leaves were fabricated of 

' 
H7~~3-10 

Fig . 1 . General view of model 

sheet metal and brass. Each steel beam was reproduced individually to its 

proper size and shape , then connected to others to form trusses . The com

plete gate leaves we r e then formed by fabricating the trusses, skin plates, 

and wooded timber guides (fig . 2) . The recesses and approaches were formed 

of concrete with sheet metal recess walls on an aluminum floor (see fig . l; 

arrow indicates direction of reverse flow). 

5. In order to maintain friction at a minimum in the model, no 

rubber seals were used ; the seals on the ends of the gate leaves were 
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Fig . 2 . Bayou Boeuf sector gate leaf 

Fig . 3. Force measuring device 
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fabricated of metal , but the bottom seals were omitted . Each leaf was 

mounted on three roller bearings , one each at the top and bottom of the 

pintle , and one centered near the skin plate . The bearing that rolled 

on the aluminum floor was later removed due to occasional binding on sand 

grains . During all tests , care was taken to ensure that all bearings were 

free . 

6. All forces were measured on the model by a +20- lb load cell 

(fig . 3), then transmitted to a commercial direct-writing recorder . Acces 

sory instrumentation included a bridge balance and a d- e amplifier . 

Scale Relations 

7 . The accepted equations of hydraulic similitude , based upon the 

Froudian relations, were used to express the mathematical relations between 

the dimensional forces and hydraulic quantities of the model and the pro

totype . General relations for transference of model data to prototype 

equivalents are presented in the following tabulation : 

Dimension 

Length 

Area 

Velocity 

Time 

Discharge 

Force 

Ratio 

1 - 1 r 

A - 12 
r r 

v - 11/2 
-

r r 

T - 11/2 
r r 

Qr - 15/2 - r 

F - 13 
r r 

5 

Scale 
Relation 

1 :20 

1 :400 

1 :4 .472 

1 :4 .472 

1 :1789 

1 :8000 



PART III : TESTS AND RESULTS 

Test Procedure 

8 . Forces measured on the sector gate during steady- flow conditions 

provided the primary means of evaluating the various sector gate types . 

The forces measured under steady flow are considered directly applicable 

to forces during a nor mal operation cycle , since i t would require an ex

tremely fast gate operation to cause i nertial effects in the water to exert 

a noti ceable influence on gate loadings . 

9 . Model force measurements were made using a +20- lb load cell 

rigidly connected to the center of the left sector gate leaf on a tangent 

and 42 . 5 ft from the pintle (fig . 3) . The load cell was fastened to the 

free gate leaf while the opposite leaf was wedged at the desired pos ition . 

During most tests, a 12- ft depth of water was maintained on the lower pool · 

side of the gate , while head differentials up to 18ft were investigated 

at gate openings of l, 2 , 3, 4, 5 , 6, 7, and 10 ft . A lO- ft gate opening 

would signify that each gate leaf was opened 5 ft . An indication of the 

force variation due to change in lower pool is provided in plate 3. 

10. Observation of free gate movement and dye streak flow patterns 

was also beneficial in analyzing model performance and results . Free gate 

movement was periodically observed during measured tests as a check on 

force direction . Gate openings from 10 ft to full open were also observed 

for each gate modification . 

ll . Measurements taken during rising and fall i ng head pools yielded 

equal forces for equal head different i als and tailwaters ; thus , it was 

concluded that the friction in the model was in fact negligible . Forces 

from the model are expressed in prototype kip- feet of frictionless pintle 

torque . Therefore, to obtain loads in a prototype cycle, friction loads 

must be evaluated and added to the loads tabulated from the model . 

Original Sector Gate 

12 . The original Bayou Boeuf sector gate (type l) was verified in 
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the model by checking its performance against prototype conditions that had 

pr oduced stall during opening . Init i a l te s t s included observat i on of f r ee 

gate movement followed by actual force meas urements (pintle torque) . 

13 . Observations of free gate movement reveal ed forces tendi ng to 

resis t opening of the gate under reverse head condi tions and forces tending 

to open the gate under normal head conditi ons . For reverse heads of 1 .0 ft 

or gr eater , the free gate would close whether positioned at a 1- or 75- ft 

openi ng . The gate leaves would actually be pulled out of the recesses by 

the flowing wate r and would close agai nst the direction of the reverse flow . 

These water loads, tendi ng to res i st opening of the type l gate , exceeded 

2000 kip- ft at a 4- ft gate opening and a 16- ft reverse head or 510 ki p- ft 

for a 5- ft reverse head (table 1) . Si nce the Bayou Boeuf gate operating 

machinery was des i gned for a maxi mum for ce of only 349 kip- ft , the data 

i n table l show why the pr ototype gat es stall when att empts are made to 

open them unde r r ever se heads . Fri ction loads should also be added to the 

tabulated model forces for the reason given in paragraph ll . 

Types 2- 4 Sector Gates 

14 . Fr om pas t experience and observations of flow i n the model , it 

was considered that head diffe r entials across the members of the gate near 

the nose of each leaf (trailing edge of leaf during opening operation , 

f i g . 4) probably caused a major portion of the load on the gate machi nery . 

Three modifications (types 2- 4, plate 4) designed to reduce head di ffer 

entials across these members were tested . 

15 . The type 2 gate involved removal of the skin- plate lip closure, 

thus allowing flow between the 24 WF 76 vert i cal beam and the ski n pl ate . 

Forces res i sting openi ng of the type 2 gate we r e about 40 percent of the 

forces act i ng on the or i ginal gate . The type 3 gate incorporated a 2- ft 

lengthening of the skin plate on each leaf with no flow allowed between 

the skin plate and the 24 WF 76 beam. Again , the forces were about 40 per

cent of the original gate forces . The type 4 gate , a combination of types 

2 and 3 (plat e 4) , had approximately 10 percent additi onal fo r ce reduction. 

See table l and plate 5 for data on types 2- 4 gates . 

16 . All modifications t o the gate were devis ed t o indicate the 
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Fig . 4 . Flow conditions with reverse head of 5 ft 
and gate opening of 5 ft 

reduction in pintle torque that could be obtained without major change to 

the existing gate . Since th~ type 2 gate involved the most feasible modi -

fication for the prototype gates , a diver removed the skin plate lip clo

sure from one gate leaf at Freshwater Lock . Observations at this lock indi

cated that the type 2 modification would give the operators the ability to 

open the gates a sufficient amount for reasonable f i lling and emptying times . 

Improved Sector Gate 

17 . Having the model results of sector gate types l - 4 as a basis of 

needed design changes , the New Or leru1s District developed an improved sec 

tor gate design for model testing (plate 6) . The improved design gate has 

a 2 . 5- ft open space between the skin- plate support and the 12 WF 72 in the 

canal truss to permit flow of water through this space during opening under 

reverse heads (fig . 5) . The 2 . 5- ft opening described above and the hori 

zontal alignment of the curved 24 WF 76 beams comprise the major improve 

ments in design . Other changes consist generally i n removal of the 

8 
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Fi g . 5. Improved gate 

horizontal skin- plate support angles and the horizontal 24 WF 100 beams , 

pr ovi ding vertical ski n- plate supports ST WF 25 , vert i cal members 12 WF 72 

and 12 WF 45 , and modifyi ng t he vertical side trusses . Fig . 6 shows a com

par ison of the original skin plate with the improved gate skin plate . 

Fig . 6 . Original and 
improved skin plates 

ORIGINAL 

lf7?3- llA 

IMPROVED 
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18 . With the improved sector gate installed in the model , similar 

tests as conducted on types l - 4 were made . Force measurements during 

reverse heads were approximately 20 percent of the forces acting in the 

closing direction on the original gate . Plots of forces acting on the 

original and the improved gates at 4- ft openings with both gates having 

7- in . seal brackets are shown in plate 7 . Forces on the improved gate 

(having no seal bracket) for gate openings of l, 2 , 3, 4, 5 , 6, 7 , and 

10 ft did not exceed 170 kip- ft for an 18- ft reverse head (table 2) . To 

obtain total forces in a prototype operation cycle , forces on the seal 

bracket and friction forces must be added to the values listed in table 2 . 

19 . Results of force measurements on the improved gate indicated a 

very satisfactory design . Observations of free gate movement also indi

cated only small closing forces . For reverse heads of l ft or greater, 

the free gate would swing into the recesses when the gate opening was 50 ft 

or greater . If the gate leaves were released at gate openings less than 

50ft , each. leaf would gradually close with forces as indicated in plate 7 . 

Normal Head Test 

20 . For a 12- ft normal head and a 12- ft submergence, the improved 

gate with a 4- in . seal bracket produced a closing force of only 85 kip- ft . 

Seal Bracket Tests 

21 . It became apparent during these model tests that a significant 

force was acting on the 7- in . seal bracket attached to the skin plate of 

each leaf for sealing at the lock walls (fig. 7) . Model tests with and 

without the '( - by 4- by l/2- in . vertical seal bracket indicated that ap

proximately 18 percent of the total force resisting opening of the gate 

originated at this bracket (table 3) . 

22 . From tests conducted with 4-, 7-, and 10- in . seal brackets on 

the improved gate , it was realized that shorter seal brackets were most 

desirable for reducing forces on the sector gates (plate 8) . The closing 

forces from the 4- in . seal bracket were very small with most of the force 

10 
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. . 

42·FT RADIUS 
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' . . . ~ . . . 
.4 . . 

LEGEND 

A, IN. 8, IN. 

4 9-1 / 2 

7 6-1/2 

10 3-1 / 2 

Fig . 7 . Seal bracket 

originating from the gate proper . However , with the 7- or 10- in . seal 

bracket, the forces on the br acket exceeded those on the gate proper 

(table 4) . For example , with a 4- ft gate opening and a 10- ft reverse head , 

the closing force of the improved gate having no seal bracket was 68 kip- ft 

(table 4) . Then , under the same conditions with a 4- in . bracket, the clos 

ing force was 78 kip- ft , which indicates only 10 kip- ft is created by the 

4- in . bracket . Under the same conditions that produced the 10 kip- ft load 

on the 4- in . bracket , 170 and 323 kip- ft loads were obtained from the 7-

and 10- in . seal brackets , respectively (table 4) . Additional forces on the 

improved gate having 4- and 10- in . seal brackets are shown i n table 5. 

Schooner Bayou Gate Test 

23 . A final test was conducted tv determine why trouble - free opera

tion exists at Schooner Bayou Lock , which has structural framing similar to 

the improved gate , yet has a 2- ft beam at the nose of each leaf which could 

ll 



cause loadings similar to those on the original gate . Tests were con

ducted with a 4- in . seal bracket on the improved gate to which a 2- ft clo

sure plate had been added. Results obtained at a 4- ft gate opening 

(table 6) revealed forces considerably less than those measured on the 

original gate . Therefore, it seems reasonable from model data analysis 

that Schooner Bayou sector gates should operate trouble- free for moderate 

reverse heads . 

12 
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PART IV : DISCUSSION OF RESULTS 

24 . The reverse head forces on the original Bayou Boeuf (type 1) 

sector gate were measured to be approximately seven times greater than the 

design force of 349 kip- ft . Most of this force was discovered acting near 

the nose of each leaf due to head differentials across the major vertical 

members . Model study indicated that reduction of this force on existing 

prototype gates could be accomplished by removing the skin-plate lip clo

sure from the nose of each gate leaf (typ~ 2, plate 4). Approximately 

60 percent of the original force was eliminated by type 2, which should 

allow satisfactory operation of sector gates for most all reverse heads 

experienced at south Louisiana locks . 

25. A new improved design was derived from the results of the orig

inal gate tests (plate 6) which should greatly improve operations at future 

sector- gated structures . Forces measured for reverse heads on this im

proved design were only about 20 percent of the forces on the original 

gate . From tests conducted with 4-, 7-, and 10-in . seal brackets on the 

improved gate, it was realized that shorter seal brackets were most de

sirable for reducing forces on the sector gates . 

26. Normal head forces were verified in the model as being trouble

free on the original and improved designs . 

13 



Gate Open-
ing , ft 1 2 3 4 -

1 34 102 153 204 
2 68 136 221 289 
3 68 158 238 306 
4 70 170 289 391 

5 68 155 272 374 
6 51 136 238 375 
7 62 155 240 340 

10 68 155 221 306 

3 7 37 68 160 
4 24 82 133 163 
5 14 54 85 122 

3 10 34 68 102 
4 34 75 122 173 
5 10 58 95 136 

3 10 48 82 119 
4 14 41 78 112 
5 14 51 88 122 

Note : Lower pool depth 12ft . 

Table 1 
Forces on Sector Gates During Reverse Head Conditi ons 

Types 1-4 Gates at Various Gate Openings 

Torque on Pintl e i n kip-feet for Reverse Heads in feet 
5 6 7 8 9 10 11 12 13 14 

Original Design (Type 1) 

255 289 358 4o8 475 544 633 714 782 868 
425 476 560 680 782 885 970 1070 1170 1275 
442 493 595 697 816 935 1120 1190 1290 1445 
510 646 765 884 1020 1156 1275 1428 1547 1734 
493 629 765 918 1037 1173 1292 1360 1479 1632 
492 646 782 920 1035 1190 1343 1462 1598 1768 
459 578 748 901 1088 1224 1292 1428 1615 1836 
391 527 663 799 986 1105 1224 1360 1598 1768 

Type 2 

180 238 292 306 357 394 442 500 554 619 
190 245 286 326 388 442 493 527 622 687 
180 241 296 354 418 476 527 595 680 765 

Type 3 

136 177 228 279 333 391 442 500 551 588 
214 272 320 360 408 442 503 544 595 663 
187 238 279 340 374 418 462 510 554 598 

Type 4 

146 190 231 279 326 364 411 456 507 537 
150 187 231 272 313 347 381 415 452 496 
170 204 248 292 330 374 408 466 496 524 

15 16 17 18 

952 1040 1106 1120 
1410 1460 1480 1500 
1600 1715 1870 1970 
1870 2023 2159 2346 
1768 1904 2040 2210 
1921 2074 2176 2345 
2006 2108 2312 2448 
1921 2100 2310 2414 

697 748 830 884 
755 796 867 986 
850 918 969 1054 

646 697 765 772 
690 731 782 833 
670 704 775 782 

564 605 629 687 
510 544 578 646 
578 632 660 714 



Gate 
Opening , ft 1 2 - -

1 7 10 

2 7 10 

3 9 14 

4 14 31 

5 0 0 
6 3 7 
7 10 17 

10 17 24 

Table 2 

Forces on Sector Gates During Reverse Head Conditions 

Improved Gate with No Seal Bracket 

Torsue on Pintle in kiE- feet for Reverse Heads in feet 
4 .2_ 6 ~ 8 _2_ 10 11 12 D 14 15 

14 17 20 20 20 24 24 24 27 31 34 34 34 
14 17 20 24 24 24 27 27 31 31 34 34 34 
17 20 24 31 32 34 44 48 51 54 58 60 68 

31 37 54 58 68 68 68 68 71 75 78 78 82 

5 10 17 26 29 31 39 43 51 56 60 73 85 
14 17 24 34 41 48 51 54 65 68 78 88 95 
20 27 34 44 48 56 65 68 73 78 80 87 90 
34 39 48 56 61 65 68 77 81 82 85 109 124 

Note : Lower pool depth 12 ft . 

16 17 18 

34 34 37 
37 37 41 

77 80 82 
82 85 88 

87 94 102 
102 122 136 

97 112 119 
136 158 170 



Table 3 

Forces on Types l and 4 Sector Gates During Reverse Head Conditions at 4- ft Gate Opening 

Torg,ue on Pintle in kip- feet for Reverse Heads in feet 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

Type 4 with 7- in . Seal Bracket 

14 41 78 112 150 187 231 272 313 347 381 415 452 496 510 544 578 646 

Type 4 with No Seal Bracket 

10 20 31 41 54 65 75 92 102 126 136 153 177 187 197 214 238 255 

Force Acting on 7- in. Seal Bracket 

4 21 47 71 96 122 156 180 211 221 245 262 275 309 313 330 340 391 

Type 1 (Original) 

70 170 289 391 510 646 765 884 1020 1156 1275 1428 1547 1734 1870 2023 2159 2346 

Note : Lower pool depth 12 ft . 



Table 4 

Effect of Seal Bracket on Sector Gate Forces , 4- ft Gate Opening 

Seal 
Bracket 

Length , in . 

4 

7 

10 

1 

0 

0 

30 

14 

2 

0 

3 

51 

31 

..l 4 5 6 7 8 9 10 

Gates with Seal Brackets 

0 0 0 0 0 0 0 10 

17 65 82 98 102 125 136 170 

92 121 155 189 224 252 306 323 

Improved Gate (No Seal Bracket) 

31 37 54 58 68 68 68 68 

Note : Lower pool depth 12 ft . 
* Forces on gate with seal bracket minus forces on gate with no seal bracket (kip- ft) . 

11 12 

11 15 

194 214 

340 372 

71 75 



Table 5 

Forces on Improved Sector Gates During Reverse Head Conditions , 4- and 10- in . Seal Brackets 

Gate Tor~ue on Pintle in kip- feet for Reverse Heads in feet 
Openine-, ft 1 2 3 4 5 6 7 8 __2_ 10 11 12 - -

4- in . Seal Bracket 

2 10 14 20 31 37 44 46 56 54 54 58 60 

4 14 31 31 37 54 58 68 68 68 78 80 90 

6 5 12 24 32 44 58 65 78 90 97 102 107 

8 12 20 34 39 51 60 68 80 83 97 102 103 

10 17 27 39 48 60 73 85 95 109 119 145 162 

10- in . Seal Bracket 

2 3h 56 92 124 162 196 233 272 306 340 383 408 

4 36 68 109 158 209 247 292 330 374 391 411 417 

6 37 66 97 136 182 218 260 315 357 417 481 536 

8 17 56 97 133 175 224 "' 2u2 311 366 408 473 510 

10 34 65 107 136 179 224 258 320 374 435 502 549 

Note : Lower pool depth 12 ft . 
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Table 6 

Forces on Bayou Boeuf and Schooner Bayou Sector Gates During Reverse Head Conditions 

4- ft Gate Opening 

3 4 
Torque on Pintle in kip- feet for Reverse Heads in feet 

5 6 7 8 9 10 11 12 13 14 15 

Type 1 (Original) Bayou Boeuf 

17 18 

70 170 289 391 510 646 765 884 1020 1156 1275 1428 1547 1734 1870 2023 2159 2346 

Schooner Bayou 

29 68 110 162 204 248 289 340 442 486 545 587 635 748 808 885 952 

Note : Lower pool depth 12 ft . 
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