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FOREWORD 

The model investigation reported herein was authorized by the Office, 

Chief of Engineers, in the second indorsement dated 31 July 1962, to a re­

quest by the U. S. Army Engineer District, Mobile, dated 23 July 1962. 

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

neer Waterways Experiment Station (WES) during the period September 1962 

to August 1964 under the direction of Mr. E. P. Fortson, Jr., Chief of the 

Hydraulics Division, and Mr. T. E. Murphy, Chief of the Structures Branch. 

The tests were made by Messrs. J. H. Ables, Jr., N. R. Oswalt, II. H. Allen, 

and B. C. Parker. This report was prepared by Mr. Ables and Mr. M. B. Boyd, 

Chief of the Locks Section, and was reviewed by Mr. Murphy. 

Directors of the WES during the conduct of the study and the prepa­

ration of this report were Col. Alex G. Sutton, Jr., CE, and Col. John R. 

Oswalt, Jr., CE. Technical Director was Mr. J. B. Tiffany. 

Mr. J. P. Davis of the Office, Chief of Engineers, Mr. L. •r. Leach 

of the South Atlantic Division, and Messrs. A. M. Cronenberg, A. W. Kerr, 

and J. R. Couey of the Mobile District visited the WES during the course 

of the study to discuss test results and correlate these results with de­

sign work being accomplished concurrently . 
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SUMMARY 

Millers Ferry Lock will be located at mile 142.2 on the Alabama River 
in southwest Alabama and will be 84 ft wide by 655 ft long and will provide 
a maximum lift of 48 ft. Results of tests of the entire hydraulic system 
for this lock are presented in this report. Results of additional tests 
concerned with the Jones Bluff Lock also are included. This lock also will 
be 84 ft by 655 ft and will be located. 105 miles upstream from the Millers 
Ferry Lock. 

Single intake and outlet ports for each of the wall culverts will be 
provided on the river side of the riverward lock wall. Performance of the 
original design intakes and outlets was considered satisfactory. 

A new tY})e of lod: fillinc and emptying system was investigated. in 
this model study. 'l'he system herein called the loncitudinal floor culvert 
system was designed tc improve the balance of flow into the two ends of the 
chamber. Two satisfactory floor culvert systems were developed. The type 
23 culvert arrangement is recommended for use at the Millers Ferry project 
where foundation conditions require the system to be confined within ap­
proximately the middle third of the lock chamber. The type 41 culvert ar­
rangement is recommended for use at the Jones Bluff Lock where no space 
restrictions are placed on the system. 

The Millers Ferry system (type 23) provided two longitudinal floor 
culverts extending into each end of the lock chamber from a lateral cross­
over culvert at the midpoint of the chamber. Lateral floor culverts extend 
across the lock in each end of the chamber to connect the longitudinal 
floor culverts. Ports are provided in both longitudinal and lateral floor 
culverts. The ratio of total port area to floor culvert area is 1.00. 
With this system the lock can be filled in 11.0 min and emptied in 14.2 min 
with maximum hawser stresses no higher than about 4.5 tons. Turbulence 
distribution in the chamber during filling is satisfactory. 

The system recommended for Jones Bluff Lock (type 41) eliminated the 
lateral floor culverts and extended the longitudinal floor culverts over 
about 54 percent of the lock chamber lencth. The dividing walls in the 
lateral crossover culvert also were removed to retain a connection between 
the two sides of the system. A port-to-culvert area ratio of 0.91 was pro­
vided in this arrancement. At the expected 45-ft head, the lock can be 
filled in abClut 10.8 min and emptied in 13.6 min with maximum hawser 
stresses of about 3.9 tons. The distribution of turbulence in the lock 
chamber during filling operations is satisfactory. 

With both recommended culvert arrangements, pressures conducive to 
cavitation were measured just downstream from the filling valves during the 
valve opening period. Admission of small quantities of air in this region 
is recommended to minimize possible cavitation damage . 
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Location 

FILLING AND EMPl'YING SYSTEMS 

MILLERS FERRY AND JONES BLUFF LOCKS 

ALABAMA RIVER, ALABAMA 

Hydraulic Model Investigation 

PART I: INTRODUCTION 

The Prototype 

1. Millers Ferry Lock and Dam will be located 142.2 miles above the

mouth of' the Alabama River in southwest Alabama and approximately 10 miles 

northwest of' Camden and 30 miles southwest of' Selma. This project, which 

will develop the middle reach of' the 320-mile-long Alabama River waterway, 

will be 60 miles upstream f'rom the proposed Claiborne Lock and Dam and 105 

miles downstream f'rom the proposed Jones Bluf'f' Lock and Dam. The project 

locations are shown in f'ig. 1. 

Project f'eatures 

2. The Millers Ferry project will provide a lock and spillway at

mile 142.2 with a power plant located in an earth dike 3100 f't downstream 

f'rom the main dam ( plate 1). The gated spillway will consist of a con­

crete gravity section having an overall length of' 1012 f't with the crest 

at elevation 46.0.* Flow over the spillway will be regulated by 17 tainter 

gates, each 50 f't long and 35 f't high. An earth dike f'orms the damming 

surface between the gated spillway and high ground on the west. The navi­

gation lock is adjacent to the spillway in the lef't bank. Earth dikes are 

provided on the lef't overbank to f'orm the damming surf'ace between the lock 

and the power plant and between the power plant and high ground to the east. 

3. The lock will have a chamber width of' 84 f't and length of 655 ft

(pintle to pintle) to provide a usable length of 600 f't. The max:imum lift 

of 48 ft will result when the upper pool is at normal elevation 8o.O and 

the tailwater at elevation 32.0, the minimum level of the proposed 

* Elevations are in feet above mean sea level •
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Claiborne Reservoir. The upstream miter gate sill will be at elevation 

61.0 and the downstream sill at elevation 17.0. The tops of the lower ap­

proach walls will be at elevation 82.0 with the tops of all other lock 

walls and the upstream and downstream miter gates at elevation 87.0. The 

proposed lock filling and emptying system consisted of two intake ports lo­

cated in the river side of the upper gate block, a 10-ft-square culvert in 

each of the chamber walls, a lateral crossover culvert leading to four 

longitudinal floor culverts which are positioned symmetrically about the 

midpoint of the lock, and culvert outlets which empty riverward of the 

lock in a common outlet basin. Flow in each of the wall culverts will be 

controlled by two reverse tainter valves. 

Hydraulic Model Studies 

4. The hydraulic structures and navigation conditions were investi­

gated in three models. A 1:120-scale model which included the upper and 

lower river approaches, lock, spillway, earth dikes, and the powerhouse was 

used to study the effect of spillway and powerhouse releases on the maneu­

verability of tows in the natural river channel and lock approaches. A 

1:50-scale section model of the gated spillway was used to study perfor­

mance of the spillway and stilling basin. A 1:25-scale lock model was 

used to develop the design features of the filling and emptying system for 

Millers Ferry Lock and for tests of a second lock (Jones Bluff) on the 

Alabama River. The results of all lock model tests are included in this 

report. Separate reports on model investigations in the general* and sec­

tion** models have been prepared. 

Purpose of Lock Tests 

5. Model studies were conducted to determine the adequacy of the

proposed lock filling and emptying system and to develop, if possible, 

* U. S. Army Engineer Waterways Experiment Station, CE, General Studies
of Millers Fer Lock and Dam, Alabama River Alabama· draulic Model 
Investigation Vicksburg, Miss. in preparation . 

** U. S. Army Engineer Waterways Experiment Station, CE, Spillway and 
Stilli Basin for Millers Ferr Lock and Dam Alabama River Alabama· 
Hydraulic Model Investigation Vicksburg, Miss. in preparation . 
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improvements in the system. Specific features to be studied included: 

a. Performance of the culvert intakes, including determination
of the distribution of flow between the two intakes and eval­

uation of vortex tendencies at the intakes.

b. The effect of minimum tailwater on culvert pressures immedi­
ately downstream from the filling valves.

c. Culvert outlet performance.

d. Performance of the longitudinal floor culvert system.

Special emphasis was given to development of an optimum arrangement for the 

longitudinal floor culvert system since this type of system had not been 

previously tested . 
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PART II: THE MODEL 

Description 

6 . A model (fig . 2 and plate 2 ) of the Miller s Ferry Lock was con-
structed to a scale of 1 : 25, and r epr oduced 670 ft of the upstream l ock ap-
pr oach , all element s of the l ock filling and emptying syst em, and 600 ft 
of downstream appr oach. The lock approaches were r epr oduced in concrete, 

Fig. 2. General view of model 
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and the guide and guard walls were constructed of sheet metal. The lock 

chamber was reproduced in plywood, and the intakes, wall culverts, and out­

lets were constructed of plastic and sheet metal. The lateral crossover 

culvert and the longitudinal floor culverts were molded of a mixture of 

resin and sand. The culvert valves were constructed of brass and fitted 

with rubber seals to prevent leakage. Twelve sheet-metal barges (plate 3), 

each simulating a length of 140 ft, width of 25 ft, and depth of 15 ft, 

were arranged to form various size tows. Weights were added to produce the 

desired draft. 

Appurtenances and Instrumentation 

7. Water was supplied to the model through a circulating system.

The headbay and tailbay of the model each contained a skimming weir that 

maintained constant upper and lower pools during filling and emptying oper­

ations. A vertical adjustment of the skimming weirs permitted simulation 

of any desired pool elevation. Pitot tubes were used to determine velocity 

and direction of flow. Dye and confetti were used to show subsurface and 

surface current directions. Pressures throughout the lock filling and 

emptying cycles were measured with piezometers. A pressure cell was used 

to record minimum culvert pressures immediately downstream of the filling 

valves. Other pressure cells were used to record the level of the water 

surface in the lock chamber and to measure water-surface differentials be­

tween selected points in the lock chamber. 

8. By means of the linear motion of a gear-rack-driven cam plate,

the culvert valve drive mechanism accurately controlled the rate at which 

the tainter valves opened. The gear drive was powered by a reversible 

motor. Limit switches mounted on the gear-rack guide automatically shut 

off the valve drivers when either the fully open or closed position was 

reached. The valve opening schedules used in the tests are shown in 

plate 4. 

9. A hawser-pull (force links) device for determining the longi­

tudinal and transverse forces acting on a tow in the lock chamber during 

filling and emptying operations is shown in fig. 3. Three such devices 
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Fig . 3 . Force links for measuring hawser stresses 

were used : one to measure longitudinal stre sses and the other two to mea-
sure transverse str esses on the upstr eam and downstream ends of the t ow, 
respe ctively. These l inks were machined fr om aluminum, and had SR- 4 strain 
gages cemented t o the inner and outer edges . When the devi ce was mounted 
on the model tow, one end of the l ink was p in- connected t o the t ow while 
the other end engaged a fixed vertical r od and was free t o move up and down 
wi th changes in wat er- surface elevat i on in t he lock . Any horizontal motion 
of the t ow caused the links to deform and vary the s i gnal t o a r ecorder . 
The links we r e calibrated by inducing deflections of the l inks with known 
we i ghts . 

10 . All data were recorded graphically on a commer cial r ecorder. 
The sens ing elements (mechanical- t o- electrical conversion devices) , located 
at various point s on the model, were connected by shielded cables to ampli-
fier s where the output s were stepped up to the level r equired f or graphical 

recording. 
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Scale Relations 

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

Froudian relations, were used to express the mathematical relations between 

the dimensions and hydraulic quantities of the model and the prototype. 

General relations for transference of model data to prototype equivalents, 

or vice versa, are presented in the following tabulation: 

Dimension Ratio Scale Relations 

Length L = L 1:25 r

Area A = L2 1:625 
r r 

Velocity V = Ll/2 1:5 r r 

Time T = Ll/2 1:5 r r 

Discharge � 
= L5/2 1:3125 

r 

Weight w = L3 1:15,625 
r r 

Force F = L3 1:15,625 
r r 

Test Procedure 

l2. Performance of the lock hydraulic system was evaluated primar­

ily on the basis of conditions produced by typical filling and emptying 

tests. Characteristics used for evaluation included observed flow condi­

tions at the culvert intakes and in the lock chamber and measured hawser 

stresses on barge tows. Steady-flow tests which represented a particular 

instant in a lockage also were used to determine flow distribution in the 

culvert intakes and along the port manifolds in the longitudinal floor cul­

verts . 

7 



PART III: TESTS AND RESULTS, MILLERS FERRY LOCK 

Test Program 

l3. Model tests were scheduled to evaluate performance of all ele­

ments of the hydraulic system for Millers Ferry Lock with particular atten­

tion being given to development of a new type filling and emptying system, 

herein called the longitudinal floor culvert system. During the course of 

the study, design personnel of the U. S. Army Engineer District, Mobile, 

determined from foundation conditions at the project site that the longi­

tudinal floor culvert filling and emptying system would have to be confined 

within approximately the middle third of the lock chamber. At the time 

this decision was reached, l4 culvert arrangements had been tested and none 

were considered satisfactory. Culvert arrangements l5-24 were then inves­

tigated in an attempt to develop an arrangement which would provide satis­

factory performance while conforming to the site restrictions. Results of 

tests on culvert arrangement types l-24 are presented herein along with 

data obtained in tests of other features of the Millers Ferry hydraulic 

system. 

l4. Following completion of tests concerning the Millers Ferry 

Lock, additional culvert arrangements (25-56) were tested to develop an 

optimum floor culvert system which was not confined by the restrictions 

imposed at the Millers Ferry project. Plans called for use of this system 

at the Jones Bluff Lock on the Alabama River. Tests also were conducted to 

evaluate the effect of culvert intake submergence at the head conditions 

expected at the proposed Jones Bluff and Claiborne Locks. Model topography 

which simulated that at the Millers Ferry project was not changed during 

these tests. Results of the additional tests are presented in Part IV of 

this report. 

Upstream Lock Approach and Intakes 

l5. Approximately 600 ft of the upstream approach channel was re­

produced in the model to ensure proper simulation of flow conditions at the 

culvert intakes (plate 2). The original design included a single-port 

8 
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int ake f or each wall culvert. The intakes were located s ide by s ide i n the 

rive r s i de of t he rive rward appr oach wall as shown in plate 5 and f i g . 4 . 

Fig . 4. Culvert intakes 

The r oof of the intakes ( elevation 45. 0 ) i s 35 ft be l ow t he pr oposed nor -
mal pool el evation of 80 . 0 . 

16 . Fl ow condi t i ons in the up stream approach ar ea wer e obser ved dur-

i ng f illing operations at upper pool e l evations of 70 . 0 and 80 . 0 t o eval-
uate the t e ndency for vortex f ormation . The followi ng t er minol ogy i s used 
in describ ing vortex condi t i ons : 

a . Swirl. A vortex with only a sli ght concave depress i on in 
the wat er surface . 

b . Vortex . A vortex with an air cavity or t ail ext ending be -
low the wate r surf ace . 

c . Air- ent raining vortex . A vortex with a t ail ext ending into 
t he culvert intake (none observed in model) . 

During oper ation at an upper pool elevat i on of 70 . 0 , numer ous swirls and an 
occa sional vortex wer e ob served . Photogr aph 1 shows f l ow patterns above 

t he intakes 4 . 5 and 6 . 5 min after initiati on of valve opening during a typ-
i cal filling operation (4-min valve time ) at this pool e l evation. Oper a -
t i on at a pool e l evation of 80 . 0 r esulted in occa s i onal swirls but no vorti-
ce s . The additional 10 f t of submer gence r esulted in significant r eduction 
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in the tendency for vortex formation. 

l7. Steady-flow tests were conducted at three discharges to deter­

mine the distribution of flow between the two intakes. During these tests 

the upstream valves were fully open and the downstream valves closed. The 

desired lock chamber water-surface level was maintained by opening the 

lower miter gate. Velocities were measured at the wall face at 2l points 

in each intake (plate 6). Discharges through each intake were computed 

from these data. Distribution between the two intakes was reasonably good, 

as shown in the following tabulation: 

Upper Total Percent of Total Discharge 
Pool Discharge Land Wall River Wall 
El cfs Culvert Intake Culvert Intake 

80.0 7200 47.5 52.5 
80.0 6600 48.5 5l,5 
70.0 5500 49.0 5l.O 

l8. Performance of the original design culvert intakes was con­

sidered satisfactory. These intakes were used in all tests concerned with 

the longitudinal floor culvert system. 

Culvert Outlets 

l9. The two wall culverts discharge into a connnon outlet basin on 

the river side of the lower lock approach wall (plate 5). The stilling 

basin structure is designed to provide roller action. Model observations 

indicate that the basin should perform satisfactorily. 

Type l (original) 
culvert arrangement 

Longitudinal Floor Culvert System 

20. Details of the original design culvert arrangement are given in

table l and plate 7. The longituiinal culverts in each lock wall carry 

flow to the lateral crossover culvert located at the center of the lock 

(sta 323.0). The wall culverts were 10 by 10 ft at the valves with the cul­

vert roof at elevation 26.0. The culvert floor sloped down to elevation 

10 
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10 . 25 in the vicinity of the entrance to the crossover culvert (fig . 5). 

Fi g . 5 . Entrance to lateral crossover culvert 

Four longitudinal floor culverts we r e used to distribute flow from the 17-

ft - wi de by 7- ft - high crossover culvert into the two ends of the lock cham-
ber . These culverts were 8.5 ft wide and 7 ft hi gh . Ten pairs of ports 

(1.25 ft wide by 4 . 0 ft high) were spaced 8 ft on cent ers in each floor 
culvert . A d i vi ding wall was located between the two culverts in each end 
of the lock to prevent i nter section of jets from oppos ing ports . The top 

of t he f loor culverts was at elevation 17 . 0 with the main lock floor at 
elevat i on 18 . 0 . A submergence of 14 ft exists above the lock f loor at mi n-

i mum t ailwater (elevat i on 32 . 0 ). 
21. Fi lling and emptying char acter i st i cs were measured during oper -

at i on at nor mal head- submer ge nce condi tions us i ng valve schedule I 
(plate 4) . Test s we r e run with a f ull tow (12 barges ) in t he lock chamber 
and with a half tow cover i ng the upstr eam or downstream end of the chamber . 
Pertinent data ar e gi ven in t able 2 . Maximum hawse r stresses obt ained dur-

ing f i ll i ng and emptying are plotted i n plates 8 and 9, respectively . 
Fil l ing oper at i ons with a full t ow r esulted in maximum longi tudinal and 
transver se hawser st r esses of about 9 .6 and 13. 0 t ons , r espect i vely . How-
ever , stresses r ecor ded during oper ation wi t h a hal f t ow in t he downstream 

end of t he chamber wer e con s i st ently hi gher than those measured with the 
f ull t ow (plate 8 ). During emptying tests, hawser str esses we r e cons i der -
ably lower, but again maximum str esses wer e obt ained wi th a half t ow in the 
downstr eam end of the lock (plat e 9 ) . Typi cal data obtained during f illing 

and empt y i ng test s with a ful l t ow in t he lock chamber are shown in plate s 

11 



10 and 11, respectively. The full tow was selected for use in comparative 

tests of other arrangements, with half-tow data to be obtained on the more 

promising culvert arrangements. 

22. Observations of lock chamber water-surface turbulence during

filling operations showed excessive turbulence over the floor culverts. 

The water surface in the chamber during a filling operation with 4-min 

valve time is shown in photograph 2. 

23. Flow distribution along the port manifold of one of the type A

floor culverts used in the original design culvert arrangement was inves­

tigated under steady-flow conditions (plate 12). Numbering of the ports 

begins with the port nearest the crossover culvert. Data from these tests 

indicated a deficiency of flow through the first four ports. Approximately 

22 percent of the total manifold flow was discharged through the first four 

ports while the remaining six ports carried about 78 percent. Two modified 

culverts (Band C) which included interior deflectors at the ports nearest 

the crossover culvert were tested in an attempt to improve flow distribu­

tion along the manifold. The size, position, and shape of the interior 

port deflectors are shown in plate 12. The modified culverts are des�ribed 

briefly in the following tabulation: 

Culvert Type 

A 

B 

C 

Port No. 

1-10

1-3
4

5-10

1 (closed) 
2-4
5-6
7-10

Interior 
Width, 

0.83 
0.50 

1.00 
0.50 

ft 
Deflector 

Height, 

4.00 
4.oo

4.oo
4.00

ft 

Improved flow distribution was obtained with the type C culvert which 

moved the first open port an additional 8 ft from the junction of the 

crossover culvert and the floor culvert and. added interior deflectors at 

the downstream face of the first five ports. 

Culvert arrangement types 2-14 

24. Culvert arrangements 2-14 represent a series of tests in which

12 



the following modifications were tested in an attempt to develop a satis­

'fa.ctory arrangement. 

a. Varying the number, spacing, and location of ports in the
longitudinal floor culverts.

b. 

d. 

e. 

Installing interior and exterior deflectors at the down­
stream face of the ports.

Removing the dividing wall between floor culverts and stag­
gering ports in the two culverts.

Adding a cutoff wall at the center of the crossover culvert.

Adding a splitter wall at the entrance to the crossover cul­
vert.

These arrangements are described in detail in table 1 and in plates 13 and 

14. Developmental tests of the different arrangements were conducted with

a full tow in the chamber. Data collected during filling tests are given 

in table 3. Valve opening schedule II, shown in plate 4, was used in tests 

of all culvert arrangements except the original design (type 1). 

25. Culvert arrangement types 2-5 and 12-14 used ports spaced 8 ft

on centers in the longitudinal floor culverts. Port manifolds in each end 

of the lock chamber covered a maximum of about 12 percent of the lock cham­

ber length and were located near the crossover culvert. The upstream and 

downstream manifolds were both within the middle third of the lock chamber . 

Maximum hawser stresses measured with culvert arrangements 2-3 and 12-14 

are compared in plate 15. The type 2 culvert arrangement, which used the 

type C culverts (paragraph 23), resulted in some improvement in both longi­

tudinal and transverse hawser stresses. Addition of 3-ft-long by 4-ft-high 

exterior deflectors at the downstream face of all ports (culvert arrange­

ment type 3) further reduced transverse stresses but increased longitudinal 

stresses. The dividing wall between the floor culverts was removed, and 

ports in the two culverts were staggered in culvert arrangements 4 and 5. 

Operation with these two arrangements resulted in higher hawser stresses 

(table 3). The dividing walls between the floor culverts were replaced, 

and port staggering was eliminated in culvert arrangements 12-14. The type 

12 arrangement used the culvert layout of the type 3 arrangement but in­

cluded a dividing wall in the crossover culvert and a 17-ft-long splitter 

wall at the entrance of the crossover culvert. These modifications reduced 

13 



the filling time by about 0.5 min and lowered the maximum hawser stress to 

about 5.9 tons. Removal of the exterior port deflectors (type 13) in­

creased the longitudinal hawser stresses during operation with the 2-min 

valve but resulted in slightly lower maximum stresses at slower valve 

times. The type 14 arrangement, in which the dividing wall in the cross­

over culvert was removed, resulted in longer filling times and higher haw­

ser stresses than either the type 12 or 13 culvert arrangements. 

26. The port spacing was increased to 16 ft on centers in culvert

arrangements 6-11, providing port manifolds in each end of the lock chamber 

which covered approximately 20 percent of the chamber length. In each of 

these arrangements the dividing wall between the floor culverts was removed 

and ports were staggered in the two culverts. Maximum hawser stresses mea­

sured during filling tests with arrangements 6 and 8-11 are compared in 

plate 16. These arrangements had 10 pairs of ports in each floor culvert, 

with exterior deflectors located at the downstream face of each port. The 

type 6 arrangement, which included interior deflectors at the first three 

ports, resulted in lower maximum hawser stresses than the type 8 arrange­

ment in which these deflectors were removed. However, interior deflectors 

were not used in culvert arrangements 9-11, which were tested to determine 

the effect of adding a dividing wall in the crossover culvert and a split­

ter wall at the entrance to the crossover culvert. Arrangement type 10, 

which included both the dividing wall and splitter wall, resulted in lower 

hawser stresses than either the type 9 arrangement (dividing wall only) or 

the type 11 arrangement (splitter wall only). Maximum stresses measured 

with the type 10 arrangement were about 5.7 tons. 

27. Data collected on culvert arrangements 1-14 revealed that per­

formance was significantly improved by the addition of a dividing wall in 

the crossover culvert and a 17-ft-long splitter wall at the entrance to the 

crossover culvert. These modifications tended to stabilize and improve the 

distribution of flow between the upstream and downstream floor culverts. 

Test data also indicated that the use of interior deflectors at the ports 

nearest the crossover culvert improved flow distribution along the floor 

culvert port manifold and turbulence distribution in the lock chamber. The 

use of exterior deflectors at the downstream face of all ports improved 
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transverse hawser stresses but in some cases resulted in higher longitu-

dinal stre sses . 
Sect i on model of entrances 
to crossover culvert and 
longitudinal fl oor culverts 

28 . At this point in the study, a 1 : 36- scale model was constructed 
t o study flow conditions in the entrances to the crossover culvert and the 
longitudinal floor culverts . One - half of the culvert system was reproduced 
in this model (fig . 6 ). The cap at the end of the crossover culvert in 

Fig . 6. Section model ( scale 1 : 36) of entrances to 
cr ossover culvert and longitudinal fl oor culverts 

effect simulated the dividing wall used in earlier culvert arrangements to 
separate the two s ides of the system. Five different crossover culvert 
entrance arrangements (plate 17) were tested . Entrance types 2- 5 contained 
a continuous splitter wall which divided the crossover culvert into up-
stream and downst r eam fl ow passages . Measurements were made during steady-
flow tests t o determine flow distribution between the upstream and down-
stream floor culverts and to evaluate the hydraulic losses through the en-
trance sections . The energy losses were measured fr om a point in the lon-
g itudinal wall culvert about 100 ft upstream from the center of the cross-

over culvert to point s in the floor culverts which were about 60 ft from 
the center of the crossover culvert . The loss was expressed as a percent-
age of the veloc ity head in the wall culvert . Flow distribution and 
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approximate energy losses measured during tests of the five entrances are 

tabulated below: 

Energy Loss in Percent 
Percent of Total Flow of Velocity Head 
Upstream Downstream Upstream Downstream 

Entrance Floor Floor Floor Floor 
Type Culvert Culvert Culvert Culvert 

1 47.5 52.5 84 64 
2 51.0 49.0 68 73 
3 51.0 49.0 57 64 
4 51.0 49.0 63 70 
5 50.0 50.0 53 53 

The type 5 entrance, in which crossover culvert flow passages and the floor 

culverts were enlarged to 11 by 7 ft, provided the most satisfactory per­

formance. 

Culvert arrangement types 15-24 

29. Prior to initiation of tests on culvert �rrangement type 15,

design personnel of the Mobile District advised that foundation conditions 

at the Millers Ferry Lock site made it necessary for the floor culverts to 

be confined within approximately the middle third of the lock chamber. 

Consequently, this series of tests (culvert arrangements 15-24) was ori­

ented toward development of a satisfactory floor culvert system which con­

formed to the site restrictions. Details of culvert arrangement types 

15-24 are given in table 4, and half plans of arrangements 15-18 and 19-22

are presented in plates 18 and 19, respectively. Data obtained during

filling tests with arrangements 15-23 are given in table 5.

30. The type 15 culvert arrangement used the type 5 entrance devel­

oped in the section model except that there was no dividing wall in the 

crossover culvert. Nine pairs of ports were spaced 8 ft on centers in each 

floor culvert with ports staggered in the two culverts in each end of the 

lock. Interior deflectors were used at the first five port pairs. Oper­

ation with this arrangement resulted in reasonably satisfactory hawser 

stresses with only a 5.3-ton maximum when the lock was filled in 10.4 min. 

However, turbulence conditions above the floor culverts were very unsatis­

factory. 

31. In culvert arrangement type 16, the central crossover culvert



was closed by adding dividing walls formed on 15-ft radii to guide flow 

into the longitudinal floor culverts. Lateral floor culverts were in­

stalled to connect the two longitudinal floor culverts in each end of 

the lock chamber. Eight ports (1.27 ft wide by 4 ft high) were spaced 

8 ft on centers in the lateral culverts. Flow from the lateral culvert 

ports was directed toward the ends of the chamber in an effort to improve 

turbulence distribution. A 4-ft-high end sill was located 6 ft from the 

lateral culvert wall ports with a 10-on-l slope beginning at the rear 

edge of the end sill used to return the lock chamber floor to its nor­

mal elevation (18.0). In the longitudinal culverts, port spacing was 

increased to 14 ft on centers and the interior deflectors were removed. 

Dividing walls also were installed between the two culverts. Tests with 

the type 16 arrangement, which included only seven ports in each lon­

gitudinal floor culvert, resulted in filling times much longer than were 

considered desirable, but also showed improved turbulence distribution. 

32. The number of ports in each longitudinal culvert was in­

creased to 10 in the type 17 culvert arrangement, but otherwise this 

arrangement was identical with type 16. The type 18 arrangement was 

identical with type 17 except for removal of the dividing wall between 

the floor culverts. Maximum hawser stresses measured during tests of 

arrangements 15-18 are compared in plate 20. Based on these data and 

observation of turbulence conditions in the chamber during filling 

tests, the type 18 arrangement was considered the most promising ar­

rangement for further refinement. Turbulence over the longitudinal 

floor culverts was satisfactory, but conditions above the lateral cul­

verts and in the ends of the lock indicated the need for improvement 

by modifications to the lateral culvert port arrangement. 

33. Culvert arrangements 19-23 represent tests in which the

lateral culvert port arrangement and the sill and floor conditions in 

front of the lateral culverts were modified to determine the effect 

on hawser stresses and turbulence conditions in the ends of the lock 

chamber. The following tabulation shows how these arrangements dif­

fered from type 18 • 
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Culvert Lateral Ports 
Arrange- Wall Roof Sill Floor Slope 

ment Size Diameter Height Width from Rear 
TlJ2e Number ft Number ft ft ft of Sill 

18 8 1.25 X 4.0 4.0 4.o 10 on 1 
21 9 1.25 X 4.0 27 0.67 3.5 4.o 10 on 1 
23 9 1.25 X 4.0 27 0.67 3.5 4.o 4 on 1 
20 9 1.75 X 4.0 3.5 4.0 10 on 1 
19 9 1.75 X 4.0 27 0.67 3.5 4.o 10 on 1 
22 9 1.75 X 4.0 27 0.67 3.5 4.o 4 on 1 

The roof ports used in arrangements 19 and 21-23 were arranged in three 

rows of nine ports each. One row was angled 45 deg upstream, another 45 

deg downstream, and the third was normal to the roof. 

34. Filling tests were conducted using the type 19 culvert arrange­

ment with the sill height varied from 2.5 to 4.0 ft. Measured hawser stress 

data and visual observations of turbulence conditions indicated that a 

height of 3.5 ft was most satisfactory. Consequently, this height was used 

in culvert arrangement types 20-23. 

35. Tests of culvert arrangements 19-23 were conducted with a half

tow located in the downstream end of the lock chamber. Maximum hawser 

stresses measured during filling operations using a 2-min valve time are 

compared in plate 21. Arrangements which used the smaller wall port (1.25 

ft wide by 4.o ft high) caused slightly lower hawser stresses than those 

which used the larger port. Observations of the lock chamber water surface 

during filling tests indicated that addition of the 8-in.-diam roof ports 

improved the distribution of turbulence. A small reduction in hawser 

stresses also was evident with arrangements which included these ports. 

Culvert arrangements 22 and 23 were tested to determine the effect of in­

creasing the slope of the chamber floor behind the sill to 4 on 1 since 

prototype site conditions make it desirable to return to the normal floor 

elevation (18.0) as rapidly as is practical. Operation with the steeper 

slope was very satisfactory with hawser stresses being slightly lower than 

those with the 10-on-l-sloping floor. 

36. Consideration of both measured data and visual observations re­

sulted in the selection of culvert arrangement type 23 as the most satis­

factory arrangement. One additional culvert arrangement (type 24) was 
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tested to determine the effect of reopening the lateral crossover culvert

at the center of the lock chamber. other features of this arrangement were 

identical with those of the type 23 arrangement. Test data showed only mi­

nor differences in hawser stresses, but indicated a slightly longer filling 

time (plate 22) for the type 24 arrangement. Since the longitudinal floor 

culverts in each end of the lock chamber were connected by lateral floor 

culverts, there appeared to be no advantage to a crossover culvert at the 

center of the chamber. 

Type 23 (recorranended) 
culvert arrangement 

37. The type 23 culvert arrangement was recommended for adoption at

the Millers Ferry project. This arrangement provided a floor culvert sys­

tem which was symmetrical about the midpoint of the lock chamber and was 

confined within approximately the middle third of the chamber. The connec­

tions between the wall culverts and the floor culvert system were centered 

in the lock chamber (sta 323.0). At each of these connections the flow pas­

sage was divided by a 5-f't-wide splitter wall into upstream and downstream 

longitudinal floor culverts, each 11 f't wide by 7 f't high. The two longi­

tudinal culverts in each end of the lock chamber were connected by a lat­

eral floor culvert which also was 11 by 7 f't. Five pairs of 1.25-f't-wide 

by 4.0-ft-high ports were spaced 14 f't on centers in each longitudinal 

floor culvert. The two lateral floor culverts each contained nine wall 

ports of the same size spaced 8 ft on centers. Flow from these ports was 

directed toward the ends of the lock chamber. A 3-5-f't-high sill was lo­

cated 6 ft from the lateral culvert face. A 4-on-l slope beginning at the 

rear edge of the sill was used to return the lock chamber floor to its nor­

mal elevation (18.0). The lateral culverts also contained three rows of 

nine 8-in.-diam ports in the roof. The ratio of the combined port area to 

culvert area (floor culvert) was 1.00. Details of this culvert arrangement 

are given in table 4 and plate 23. 

38. Filling and emptying data collected during operation at Millers

Ferry design conditions (48-ft head and 14-f't submergence) with full and 

half tows are presented in table 6. Maximum hawser stresses measured during 

filling and emptying tests are plotted in plates 24 and 25, respectively • 
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Filling operations with a half tow in the downstream end of the lock cham­

ber still resulted in the highest stresses. However, maximum hawser 

stresses were only about 4.5 tons when the lock was filled in 11.0 min (2-

min valve). Hawser stresses measured during emptying tests did not exceed 

about 2.5 tons. Typical data obtained during filling and emptying tests 

using 2-min valve times are shown in pl�tes 26 and 27, respectively.

39. Observations of the lock chamber water surface during filling

operations indicated that turbulence was well distributed over the lock 

chamber with this culvert arrangement. The water surface during a filling 

test using a 2-min valve time is shown in photograph 3. Visual observa­

tions also were made of the movement of free tows in the lock chamber. 

Tests in which a full or half tow was centered in the chamber prior to ini­

tiation of, filling or emptying showed no significant longitudinal movement 

of the tow. Filling tests with a half tow located in either end of the 

chamber indicated that the tow would move toward the near miter gate for a 

short period of time and then drift slowly toward the far gate for the re­

mainder of the filling operation. 

40. The effect of single-valve operation on filling characteristics

was investigated with a full tow in the chamber ( table 7). Filling time 

with a 2-min valve was increased from 11.0 min with normal operation (two 

valves) to 21.0 min. Maximum longitudinal hawser stresses were increased 

from about 3. 7 tons (normal two-valve operation) to about 4.3 tons. Maxi­

mum transverse hawser stresses were about 2.5 tons. Stresses measured 

during emptying did not exceed 1 ton. The distribution of turbulence in 

the lock chamber during single-valve operation was excellent. The excep­

tional performance of this culvert.arrangement during single-valve opera­

tion is attributed primarily to the inclusion of lateral floor culverts to 

connect the two longitudinal floor culverts in each end of the lock cham­

ber. This allows the entire floor culvert system to be supplied by either 

wall culvert. 

41. Filling and emptying tests were run at a range of head and sub­

mergence conditions to provide general design and operation data. The max­

imum head-submergence combination which could be tested in the model fa­

cility was 78 ft. This permitted testing of a 64-ft head with 14-ft 
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submergence. Maximum heads tested with submergences of 17 and 20 ft were 

slightly lower. Pertinent data collected during filling and emptying tests 

are presented in tables 8 and 9, respectively. The generalized hawser 

stress plot presented in plate 28 was developed from the tabulated filling 

data and can be used to determine permissible filling times for specific 

head-submergence conditions which should result in maximum hawser stresses 

within 3-, 4-, or 5-ton limits. Maximum hawser stresses measured during 

emptying tests did not exceed about 3,5 tons. 

42. Filling and emptying times for heads from 38 to 64 ft are plot­

ted against valve time in plate 29. Overall lock coefficients (CL) were

computed using these data and the formula 

where 

� 
H 

d 

A
C 

= area of lock chamber, 
= initial head, ft 
= measured overtrave.:j.. 
= area of culvert, sq ft 

2AL\.JH + d - ✓d/ 
A ( T - Kt ) ✓-2g 

C V 

sq ft 

T = filling or emptying time, sec 

K = a constant 

t = valve time, sec 
V 

g = acceleration of gravity, ft/sec2 

'l'he term T - Kt is the lock filling time for the hypothetical case of in-
v 

stantaneouG valve opening and is obtained directly from the curves plotted 

in plate 29. Computed coefficients for.the type 23 culvert arrangement are 

Given in the following tabulation: 

Initial 
Head. Overall Lock Coefficient 

ft Fillin� EmEt;zin� 

38 0.72 0.56 

48 0.72 0.55 

58 0.72 0.54 

64 0.71 0.54 
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43. Normal filling tests were conducted with the bulkhead slots

downstream from the filling valves sealed. Pressures in the area just 

downstream from the valve were recorded using a pressure cell at the loca­

tion shown in plate 30. Plate 31 presents typical traces showing pressure 

variation with time during normal filling operations at the Millers Ferry 

design conditions (48-ft head and 14-ft submergence). Minimum pressures 

measured during tests with 2-, 4-, and 8-min valve times are shown below. 

Drawdown from Pressure on 
Valve time Filling time Tail water Culvert Roof 

min min ft ft 

2 11.0 18 -12
4 12.0 16 -10
8 14.o 11 -5

The 1:·.mited data available indicate that these pressure conditions may re­

sult in cavitation damage. Admission of small quantities of air in this 

region should cushion the collapse of vapor pockets and minimize resulting 

damage. Consequently, tests in which air was admitted in this area were 

run to investigate the effect of this type of operation on filling charac­

teristics and minimum pressures. Tests were conducted using vent sizes 

from 1-1/2-in. diameter to 12-in. diameter. Pertinent data are presented in 

table 10. These data indicate a small increase in filling time and pro­

gressive increases in maximum hawser stresses as the vent size is increased. 

Maximum stresses measured during 2-min valve operation varied from 4.5 tons 

with no venting to about 6.4 tons in tests with a 12-in.-diam vent. Mini­

mum culvert pressures were raised from -12 ft to -7.3 ft during these 

tests. 

44. Pressures throughout the hydraulic system were measured during

filling and emptying tests using a 2-min valve time. Piezometer locations 

in the type 23 culvert arrangement are shown in plate 30. Sequence photo­

graphs of manometer boards were used to record average pressures at speci­

fied time intervals during the filling and emptying operations. Data col­

lected during these tests are presented in tables 11 and 12. Pressure con­

ditions were satisfactory throughout the system except in the region just 

downstream from the filling valves. Conditions at this location were dis­

cussed in the preceding paragraphs. Pressures measured downstream from the 
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emptying valves showed that the pressure gradient in this region dropped to 

approximately elevation 20 during the valve opening period. This results 

in a negative pressure of about -6 ft on the culvert roof. However, the 

bulkhead slots downstre8Jll from these valves can be open during emptying op­

eration since the culverts discharge into a basin outside the riverward 

lock wall. Air supplied through these slots should essentially eliminate 

the possibility of cavitation damage in this area. 

45. Additional tests were conducted to investigate head differen­

tials across the filling valves during abnormal filling operations. Pres­

sure cells were used to record pressure variations upstre8Jll and downstream 

from the valve. Data from tests in which the valves were opened at a 2-min 

valve speed to 1/2, 3/4, and fully open positions and inunediately closed at 

the s8Jlle speed are plotted in plate 32. The maximum differential recorded 

was about 1.35 times the initial head and was measured during the test in 

which the valve was raised to the 1/2 open position and then closed. Mini­

mum pressure on the culvert roof downstream from the valve was about -19 

ft of water during this test . 
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PART IV: TESTS AND RESULTS, JONES BLUFF LOCK 

46. This segment of the report covers tests which were principally 

directed toward providing design information for the Jones Blui'f Lock on 

the Alabama River. The Jones Blui'f project site imposed no restrictions on 

the location of the longitudinal floor culvert system in the lock chamber. 

Consequently, the series of tests described in subsequent paragraphs (cul­

vert arrangement types 25-56) was conducted to develop a floor culvert sys­

tem in which the floor culvert port manifolds extended over the optimum 

percentage of the lock chamber length and were located at the most advan­

tageous positions in the lock chamber. Developmental tests were run at the 

head-submergence conditions expected at the Jones Blui'f project (45-ft head 

and 14-ft submergence). Visual observations also were made during filling 

tests at heads of 45 and 30 ft which were the heads expected at the Jones 

Blui'f and Claiborne Locks, respectively, to evaluate the effect of culvert 

intake submergence on the tendency for vortices to form above the intakes. 

Vortex Tendencies at Culvert Intakes 

47. Observations of flow patterns above the culvert intakes were

made at heads of 30 ft (Claiborne Lock) and 45 ft (Jones Blui'f Lock) to de­

termine the effect of intake submergence on the tendency for vortex forma­

tion. The original design (Millers Ferry) culvert intakes (plate 2 and 

fig.4) were used in the tests. Model approach topography, which simulated 

that at the Millers Ferry project, was not changed. Observations were made 

with the intake roof submerged 15, 20, 25, and 30 ft;. Terminology used in 

the following tabulation to describe observed flow patterns is defined in 

paragraph 16. 
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Model tests at both the Jones Bluff and Claiborne design heads indicated 

that an intake roof submergence of approximately 30 ft was required to pre­

vent formation of a vortex during filling tests with a 2-min valve time . 

Longitudinal Floor Culvert System 

48. The tY.Pe 23 culvert arrangement (plate 23) developed for the

Millers Ferry project at which foundation conditions confined the floor 

culverts within approximately the middle third of the lock chamber resulted 

in very satisfactory performance. However, when no chamber space restric­

tions were placed on the floor culvert system, it was believed that a sim­

pler system could be developed which would provide equally satisfactory, if 

not improved, performance. Since the Jones Bluff Lock site necessitated no 

restrictions, the series of tests described in the following paragraphs was 

undertaken to develop a floor culvert system which would occupy as much of 

the lock chamber as was required to locate the floor culvert port manifolds 

at the optimum positions in the chamber. In these tests, modifications to 

the culvert system were confined within the lock chamber. other features 

of the hydraulic system were identical with those used in the tY.Pe 23 cul­

vert arrangement . 

Culvert arrangement types 25-40 

49. Details of culvert arrangement types 25-40 are given in table 13

and plates 33 and 34. These arrangements included the basic culvert system 

used in the tY.Pe 23 culvert arrangement except for the removal of the lat­

eral floor culverts which connected the longitudinal floor culverts in each 

end of the lock chamber. The longitudinal floor culverts were lengthened 

to permit testing of various size port manifolds at different positions in 

the chamber. Al.l arrangements in this group used the tY.PC A port (1.25 ft 

wide by 4.0 ft high). Filling characteristics obtained during tests with 

a 2-min valve time are given in table 14. Maximum hawser stresses measured 

on a half tow located in the downstream end of the lock chamber are com­

pared in plate 35. 

50. Consideration of the measured hawser data and visual observa­

tions of lock chamber turbulence indicated that the tY.Pe 38 arrangement 
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resulted in the most satisfactory performance. This arrangement used seven 

port pairs spaced 14 ft on centers in each longitudinal floor culvert, re­

sulting in a port-to-culvert area ratio of 0.91. The port manifolds in 

each end of the lock covered slightly less than 13 percent of the lock cham­

ber length and were centered approximately 20 percent of the chamber length 

upstream and downstream from the midpoint of the chamber (sta 323.0). With 

this arrangement, the lock filled in about 10.8 min with a maximum hawser 

stress of 3.7 tons. 

51. In all arrangements of this series except type 39, the lock cham­

ber floor was raised to its normal elevation (18.0) by a vertical step lo­

cated 7 ft beyond the last port in the floor culverts. In the type 39 ar­

rangement, the floor was left at elevation 8.5 over the entire chamber. 

This arrangement, which otherwise was identical with the type 38 arrange­

ment, resulted in a sharp increase in hawser stresses. All subsequent ar­

rangements used the vertical step return to the normal floor elevation. 

Culvert arrangement types 41-56 

52. Details of the types 41-56 culvert arrangements are given in

table 15 and plates 36-38. Filling data collected during tests using a 2-

min valve time are presented in table 16. Maximum hawser stresses measured 

during tests of these arrangements are compared in plate 39. Culvert ar­

rangement types 41-45 were tested to determine the effect of reopening the 

lateral crossover culvert at the center of the lock chamber. Port mani­

folds composed of seven pairs of type A ports were again tested at differ­

ent locations in the longitudinal floor culverts. The type 41 culvert ar­

rangement resulted in the most satisfactory hawser stresses and lock cham­

ber turbulence. This arrangement was identical with the type 38 culvert 

arrangement except for the opening of the crossover culvert. Maximum haw­

ser stress measured on the half tow was 3.8 tons with the filling time 

still about 10.8 min. Sequence photographs of the lock chamber water sur­

face (photograph 4) give an indication of lock chamber turbulence during 

a filling operation with this arrangement. 

53. Model test data and visual observations showed no significant

difference in the performance of arrangements 38 and 41 even though it is 

apparent that hydraulic losses must be somewhat larger in the system with 
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the open crossover culvert. However, the advantages of the open crossover 

culvert during single-valve operation more than offset a relatively minor 

increase in losses during normal operation. Consequently, the additional 

arrangements tested in this series utilized the open crossover culvert. 

54. Arrangement types 46-56 were tested to investigate the use of

smaller ports to spread the manifolds over a greater portion of the lock 

chamber. The port-to-culvert area ratio remained at 0.91 in these arrange­

ments. Manifolds composed of 14 type D ports (1.25 ft wide by 2.0 ft high) 

spaced 14 ft on centers were tested at various locations in culvert ar­

rangement types 46-50. None of these arrangements performed as satisfac­

torily as the better arrangements with the larger type A port. 

55. Culvert arrangement types 51-56 represent tests of manifolds

composed of 10 type E ports (1.25 ft wide by 2.8 ft high) spaced 14 ft on 

centers. Performance of the type 53 culvert arrangement was comparable to 

that of the type 41 arrangement. With this arrangement, the port manifolds 

in each end of the lock chamber covered slightly more than 19 percent of 

the lock chamber length and, as in the types 38 and 41 arrangements, were 

centered approximately 20 percent of the chamber length upstream and down­

stream from the midpoint of the chamber. The lock filled in about 10.8 min 

with a maximum hawser stress of only 3.5 tons. Turbulence distribution in 

the lock chamber during filling operations was satisfactory. Sequence 

photographs of the lock chamber water surface are presented in photograph 5. 

56. Additional tests were conducted with the types 41 and 53 culvert

arrangements to provide more comparative data. Data collected during fill­

ing and emptying tests with full and half tows in the chamber are presented 

in table 17. Maximum hawser stresses measured during filling tests with 

the two arrangements are plotted in plates 40 and 41. The two arrangements 

resulted in approximately equal hawser stresses. Arrangement type 53, 

which used the smaller type E port, distributed flow over a greater per­

centage of the lock chamber, but no significant difference in turbulence 

conditions could be detected during filling operations with the two ar­

rangements. The chamber water surface during filling operations with the 

types 41 and 53 arrangements is shown in photographs 4 and 5, respectively. 

Since no significant benefits were derived from the use of a larger number 
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of smaller ports, economic considerations dictated that the type 41 culvert 

arrangement be recommended. However, either arrangement should result in 

satisfactory prototype performance. 

Type 41 (recommended) 
culvert arrangement 

57. The type 41 culvert arrangement was recommended for adoption at

the Jones Bluff project. This arrangement provided a floor culvert system 

which was symmetrical about the midpoint of the lock chamber and extended 

over approximately the middle 54 percent of the chamber. Longitudinal cul­

verts in each lock wall carried flow to a lateral crossover culvert located 

at sta 323.0. A 5-ft-wid.e splitter wall divides the crossover culvert into 

upstream and downstream flow passages (each 11 ft wide by 7 ft high) which 

supply two longitudinal floor culverts in each end of the lock chamber. 

Seven pairs of 1,25-ft-wide by 4.0-ft-high ports were spaced 14 ft on cen-

ters in each floor culvert, resulting in a port-to-culvert area ratio of 

0.91. The manifolds in each end of the lock covered slightly less than 

13 percent of the chamber length and were centered approximately 20 per­

cent of the chamber length upstream and downstream from the midpoint of the 

chamber. Details of this arrangement are given in table 15 and plate 42. 

58. Filling and emptying data collected during tests of this arrange-

ment at Jones Bluff design conditions (45-ft head and 14-ft submergence) 

are presented in table 17. Maximum hawser stresses measured during filling 

are plotted in plate 40. The maximum stress exerted on any tow arrangement 

was only about 4. 7 tons when the lock was filled in 10. 2 min ( 1-min valve) . 

Emptying operations resulted in maximum stresses of about 2 tons. Typical 

data recorded during filling tests with a 1-min valve are shown in plate 43. 

Observations of lock chamber turbulence during filling tests indicated a 

satisfactory distribution of turbulence over the chamber (see photograph 4). 

59, Data were collected at a range of head and submergence conditions 

to provide general design and operation information. Tests originally were 

run at 38-, 48-, and 58-ft heads with submergences of from 14 to 20 ft. A 

subsequent modification to the test facility permitted data to be obtained 

at a 69-ft head with a 14-ft submergence. Only filling characteristics 

were obtained at this head. These data arc given in tables 18 and 19. 
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A gene:rali2ed hawser stress plot based on the filling data from tests at 

heads of up tc, 58 ft is presented in plate 44. Filling and emptyinc; times 

for hcad.s from 38 to 69 ft arc pl, ,tte:d ac;ain:::t valve ti.rne in plate lr5. 

Overall lock c�.iefficfonts coripute,l for the type 41 culvert arrangement arc 

given below: 

Initial Ifead ov�rall Lc•ck Coefficient 
ft Fillin� Em;etii� 

38 0.71 0.54 

45 0.69 0.53 

58 0.70 0.53 
6<) o.G9

Go. The effect of sinc;le-valve operation on filling characteristics 

was investigated at the 45-ft hcc:1.d c:-:pceted. at the Jones Bluff Lock and at 

a 69-ft head ( ta.bl� 20). At the fastc:r valve speeds fillinc; times were in­

creased by about 70 to 80 percent and maxir.mm hawser stresses increased by 

about 1.5 tons. Operation with the: 45-ft head u:,ine a 2-min valve time re­

sulted in a filling time of 18.6 min with a maximum hawser stress of about 

6.3 tons. Visual observations indicated. a good distribution of turbulence 

in the chamber since the open cro::;sover culvert in this arrangement per­

mitted flow tc, be discharged throuc;h all four longitudinal culverts even 

thouc;h only one wall culvert was in use. 

G1. Pressures throughout the hydraulic system were measured durinc; 

filling and. emptying tests using a 2-min valve time. Piezometer and pres­

sure cell locations in the type 41 culvert arrangement are shown in plate 

46. /\.verace pressures were recorded at specified ti.me intervals durinc; the

filling and emptying cycles. Data collected durinc; filling and emptyinc;

are c;iven in tables 21 and 22, respectively. Pressure conditions were sat­

isfact(.,ry throughout the system except in the area just downstream from

the filling and emptying valves. Low pressures recorded downstream from

the cmptyins valves should not present serious problems (see parae;raph 44).

Culvert pressures below the filling valve:s were recorded during normal and

single-valve operation at heads of lf5 and. G9 ft using a pressure cell lo­

cated as shown in plate 46. Minimum pressures measured during these tests

of the type 41 culvert arrangement are given in the following tabulation.
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Normal Operation Si�le-Valve Operation 
Pressure Pressure 

Drawdown on Drawdown on 
Initial Valve Filling from Culvert Fillinr; from Culvert 
Ueacl 'rime Time 'l'ailwater Roof 'l'imc Tailwater Roof 

ft min min ft ft min ft ft 

45 1 10.2 12.7 -6.7 18.2 14.o -8.o
2 10.8 16.0 -10.0 18.6 18.5 -12.5
4 11.8 14.8 -8.8 19.7 19.3 -13,3

13.8 10.0 -4.o 21.8 17.0 -11.0

69 1 12.8 21.5 -15,5 21.8 30.5 -24.5
2 13.4 26.0 -20.0 22.4 37.0 -31.0
!� 14.3 25.0 -19.0 23.4 38.0 -32.0
8 16.3 17.5 -11.5 25.4 34.o -28.0

Pressures conducive to cavitation were measured at both heads. The effect 

of admitting air in this region on fillinG characteristics and minimum 

pressures was investigated in earlier tests with the type 23 culvert ar-

ranGement (paragraph 43). 
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PART V: DISCUSSION OF RESULTS 

62. The original design of the Millers l•'erry Lock hydraulic system

provided single-port intakes for each wall culvert with the intakes located 

side by side in the river side of the riverward approach wall. The roofs 

of the intakes were at elevation 45.0. Observation of filling operations 

with the normal upper pool elevation of 80.0 (48-ft lift) indicated that 

swirls (see paragraph 16 for definition) would form occasionally above the 

intakes. Similar tests with the upper pool lowered to elevation 70.0 (38-

ft lift) resulted in numerous swirls and an occasional vortex. Observa­

tions also were made at the head conditions expected at Jones Bluff and 

Claiborne Locks (45 and 30 ft, respectively) to evaluate the effect of cul­

vert intake submergence on the tendency for vortex formation. These tests 

indicated that a submergence of 30 ft was needed to eliminate vortex for­

mation in the model. Data obtained during steady-flow tests at three dis­

charges showed that the distribution of flow between the two intakes was 

reasonably good. Performance of the original design culvert intakes was 

considered satisfactory. 

63. The two wall culverts discharge into a common outlet basin lo­

cated on the river side of the lower approach wall. Model observations 

indicate that the stilling basin, which was designed to provide roller 

action, should perform satisfactorily. 

64. The major portion of this model study was devoted to develop­

mental tests of a new type of filling and emptying system, the longitudinal 

floor culvert system. This system, which had not been previously tested, 

was designed primarily to improve the balance of flow into the two ends of 

the lock chamber, thereby reducing the longitudinal surges in the chamber 

during filling. During the course of the study, design eneineers of the 

Mobile District determined that foundation conditions at the Millers Ferry 

project site made it desirable to confine the floor culvert system within 

approximately the middle third. of the lock chamber. Consequently, two sat­

isfactory longitudinal floor culvert systems were developed in the study, 

i.e. one to conform to the site restrictions at the Millers Ferry project

(plate 23), and a second for use at the Jones Bluff project (plate 42) 
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where no space l:illlitations were placed on the system. 

65. The culvert arrangement recommended for use at the Millers Ferry

project (typ0. 23) provides a floor culvert system which is symmetrical about 

the midpoint of the lock chamber and occupies slightly more than the middle 

third of the chamber. Longitudinal culverts in each lock wall carry flow 

to connections to the floor culvert system at the center of the chamber 

(sta 323.0). Here the flow passage is divided into upstream and downstream 

longitudinal floor culverts by a 5-ft-wide splitter wall. A lateral floor 

culvert connects the two longitudinal floor culverts in each end of the 

chamber. Five pairs of 1.25-ft-wide by 4.0-ft-high ports are spaced 14 ft 

on centers in each longitudinal culvert. The lateral floor culverts each 

contain nine ports of the same size spaced 8 ft on centers in the walls 

facing the ends of the chrunber. Three rows of nine 8-in. -diam ports also 

are included in the roof of the lateral culverts. A 3-5-ft-high sill is 

located 6 ft from the lateral culvert. The lock chamber floor is returned 

to its normal elevation by a 4-on-l slope which begins at the rear edge of 

the sill. 

66. At the Millers Ferry design conditions (48-ft head and 14-ft

submergence), this system permits the lock to be filled in 11.0 min ( 2-min 

valve time) with maximum hawser stresses of only about 4.5 tons. Emptying 

required. 14.2 min with measured. hawser stresses no higher than 2.5 tons. 

The distribution of turbulence in the chamber during filling is satisfac­

tory. Observation of tests with a free tow centered. in the chamber indi­

cates no significant longitudinal movement of the tow as the lock is filled. 

and. emptied.. A free tow located. in either end. of the chamber will move 

toward. the near miter gate for a short period of time and. then drift toward 

the far gate for the remainder of the filling cycle. Single-valve oper­

ation increased filling times to 21.0 min, but hawser stresses and. 

turbulence distribution remained satisfactory. 

67. The culvert arrangement recommended for use at the Jones Bluff

project (type 41) differed from the Millers Ferry arrangement as follows: 

a. The lateral floor culverts were el:illlinated and the longitu­
dinal culverts were extended to cover approx:illlately the mid­
dle 54 percent of the lock chamber.
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b. A lateral crossover culvert was provided at the center of the
lock chamber (sta 323.0) to retain a connection between the
two sides of the system. In this arrangement, each longitu­
dinal floor culvert contained seven pairs of 1.25-ft-wide by
4.0-ft-high ports spaced 14 ft on centers. The resulting
port manifolds in each end of the lock covered slightly less
than 13 percent of the lock chamber length and were centered
approximately 20 percent of the chamber length upstream and
downstream from the midpoint of the chamber. A vertical step
located 7 ft beyond the last port was used to return the cham­
ber floor to its normal elevation.

68. With the type 41 culvert arrangement, filling and emptying times

for the 45-ft head expected at Jones Bluff were 10.8 and 13.6 min, respec­

tively (2-min valve time). Hawser stresses did not ·exceed 3.9 tons during 

filling tests and 1.9 tons during emptying. Turbulence distribution in 

the chamber during filling was very good. Single-valve operation with the 

same valve speed increased filling time to 18.6 min and increased the maxi­

mum hawser stress measured during the filling operation by about 1.5 tons. 

69. Pressure conditions throughout the hydraulic system were inves­

tigated with both recommended culvert arrangements. Pressures were satis­

factory in all areas except just downstream from the filling valves. Under 

normal operating conditions the pressure gradient in this region dropped 

10 to 12 ft below the roof of the culvert during the period when the valves 

were about one-half to two-thirds open. Tests with the type 41 arrangement 

revealed that pressures in this region drop even lower during single-valve 

operation. The limited available data indicate that these pressure con­

ditions may result in cavitation damage. Admission of small quantities of 

air just downstream from the valves should cushion the collapse of vapor 

pockets and minimize possible damage without adversely affecting the per­

formance of the system. Admission of too much air will result in increased 

surging in the chamber when air pockets are discharged. Model tests of the 

type 23 arrangement with the air vent diameter varied from 1.5 to 12 in. 

showed a progressive increase in hawser stresses as the vent diameter in­

creased. However, since laws for scaling air entrainment from model to 

prototype have not been established, it is suggested that the optimum a­

mount of air venting be established in the prototype. A valve on the pro­

totype vent should allow observers to determine the opening required to 
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quiet the crackling noise associated with cavitation without causing a 

significant adverse effect on filling characteristics. 

70. The longitudinal floor culvert systems investigated in this

study exhibited several favorable characteristics which suggest that this 

type of system may be used effectively in larger and. higher-lift locks. 

These characteristics include the following: 

a. Performance of the system is relatively insensitive to valve
speed or nonsynchronization of the valves.

b. Operation over a range of lifts and submergences revealed
quite small differences in maximum hawser stresses.

c. Filling characteristics during single-valve operation were
satisfactory.

However, much additional developmental work is needed prior to the use of 

a longitudinal floor culvert system at projects with larger locks or sig­

nificantly higher lifts. 
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Details 

Stat:.ons o:· Po!·ts 

Table l 
or Culvert Arra.nr;ement Tll!es 1-14

1 

in Cul·:erts 

Millers Ferr;t Lock 

Port Do-�Ti- Percent o:' Lock Chamber Di-lL:iing 
Cul·:ert lie. Area/ ui.:streM Grou12 stream Grou;i:: UI?stream 
Arrange- or Culvert Center-to- Up- Down- Up- Down- With-

mcnt Port Area Center Port stream strca.'?l strear.i stream out With 
�t'E'e Pai!•: '.:{a.t:.o SEa:i:-:�

2 
• C P::>rt Port Port P::>rt � Ports 

l 1::, 1.6E e 233.5 305.5 340.5 412.5 35.c 11.0

2 9 1.51 8 233.5 297.5 348.5 412.5 35.6 9.8 

3 9 1.51 8 233.5 297.5 348.5 412.5 35.6 9.8 

4 :1 1.51 8 229.5 297.5 3�6.5 416.5 35.1 10.4 
C 11 !..O;, � 213.5 2r.5 342.5 432.5 32.6 12.8 .I 

6 lJ 1.68 16 149.5 297.5 348.5 496.5 22.8 22.5 

7 12 2.02 16 & 8 149.5 297.5 348,5 496. 5 22.8 22.5 

1�) 1.63 !6 153.5 3;5.5 3LJ). 5 492.5 23.5 23.2 
,, �✓ 1.-se 1-: lq C /_,•/ 5,:.5.5 3:..J.j 4;2.5 2.).5 23.2 

10 10 l.68 16 l'.i3,5 305.5 340.5 4;,2.5 23.5 23.2 

11 l;) 1.62 16 1:53.5 305.5 340.5 492.5 23.J 23.2

12 1.5! y 233.5 29/.5 34:.:; 412.5 35.6 9.6 

l: 1.51 e 233,5 2';)'1.5 342.5 1.12.5 )5.G s·.2-

14 ') 1.51 3 233.5 297,';, 348.5 412.5 35.6 9.2 

i!o�-:-: l'::e t�·;.e A ;:ort (1.25 :·t ·,::.:k i;;: 4,0 ::'t :1igh) ·,ias used :.n ar?"anger.ients 1-14. 
The lo,:k �hair.ber is o4 :'t ·,:i:k b:; 655 :'t long, 
The stations in f-:et ai-e :n,•as .. r,,d :',·om the upstream miter gate pintles. 
The floor culverts a1·e 8,5 :·t wide by 7,0 ft high, 

C<onter Dowstream Wall 

With- With- Between 
out With out Floor 

Ports � Ports Culverts 

5.4 11.0 37.0 Yes 

7.8 9.8 37.0 Yes 

7 .8 9.8 37.0 Yes 
7.8 10.4 36.4 1:0 

,.: 12.13 34.0 i;o 

'/ .8 22.6 24.2 No 

7.8 22.6 24.2 No 

5,3 23.2 24.S 1;0 

5,.3 25.2 24.2 !lo 

5,3 23.2 24.3 No 

5.3 23.2 29.8 i:o 

I .E 7.8 37.0 "Ls 
� : 

).8 57,0 Yes ! ·-

,.e :;,.8 37,0 Ycs 

Crossover 
Floor Culvert Ports Culvert 

Interior Exterior Divid- Entrance 
Stag- Deflec- Deflec- ing Splitter 
ilered tors tors .J!!ll_ Wall 
,lo l!o Ho No No 
No Y0s No No No 

No Yes Yes No No 
Yes Yes Yes r-:o No 

Y;;s Yes Yes tic Ho 

Yes Yes Yes No No 

Yes Yes Yes !lo No 

Yes !lo Yes !1o 1:0 

Yes No Yes Yes !lo

Yes No Yes Yes Yes
Yes No Yes No Yes
1:0 Yes Yes Yes Yes

�:o Yes i;o Yes Yes

No Yes lie No Yes



Table 2 

Fillin� and Emptrin� Characteristics
2 

Type 1 �Original} Culvert Arran�ement
2 

Millers Fer!:Z Lock 

Upper Pool El 80.0 and Lower Pool El 32.0 

Filling Maximum Hawser Stresses 
Distance Between or Emp- Lonfjitudinal UJ2stream Transverse Doi-mstream Transverse 
Tow and Upstream Valve tying u:12stream Do,mstream Left Rifjht Left Ri�ht 

Miter Gate Time Time Pull Time Pull Time Pull Time Pull Time Pull Time Pull Time 
No. of Barges Pintles, ft min min tons min tons min tons min tons min tons min tons min 

-- -- -- -- -- -- -- -- -- -- -- --

Fillinfi OJ2eration 

12 47 2 11.8 9.6 4.o 7.8 3.7 5.5 2.3 11.0 2.2 5.4 3.0 13.0 2.2 
(11,305 tons) 4 12.9 6.3 5.1 5-3 5.4 3.9 3.4 5.5 4.6 5.3 4.3 6.3 3.8 

8 15.1 5.6 7.5 3.9 8.5 4.5 7.1 3.4 7.3 5.0 1.6 4.3 7.3 

6 47 2 11.8 6.3 1.4 8.4 2.5 3.4 2.4 4.1 1.7 4.3 3.7 5.2 2.2 
(5410 tons) 4 12.9 5.5 5.3 5,9 4.8 3.7 3.6 2.9 3.9 3.5 3.7 5.0 4.7 

8 15.1 4.8 7.3 5.3 1.6 2.2 7.2 2.2 7.3 2.4 7.7 2.7 8.9 

6 327 2 11.8 11.3 3.6 8.6 4.2 6.3 2.7 8.6 2.6 7.4 2.7 6.2 2.8 
(5410 tons) 4 12.9 9.0 5.5 7.4 5.7 4.3 5.3 6.3 4.7 5.5 4.1 5,9 4.3 

8 15.1 7.2 7.5 6.4 7.6 3.0 7.6 4.7 7.5 3.4 7.4 3.4 7.5 

EmJ2tzinfj OJ2eration 

12 47 2 14.o 3.9 1.0 3.2 7.2 1.6 7.4 1.2 8.3 2.4 1.0 1.6 6.9 
(11,305 tons) 4 15.1 3.5 7.9 2.4 7.6 1.0 6.8 o.8 6.9 2.0 7.4 1.8 6.8 

8 17.3 3.2 8.o 2.2 8.3 1.6 10.6 0.1 10.9 1.8 10.6 1.6 10.8 

6 47 2 14.o 4.7 7.5 3.6 7.6 1.5 7.3 1.2 7.4 1.5 7.3 1.6 7.2 
(5410 tons) 4 15.1 4.3 7.3 3.6 7.8 1.5 10.9 1.2 10.8 1.5 8.1 1.6 10.1 

8 17.3 3.1 10.3 2.8 9.9 1.0 12.8 o.8 12.9 1.5 13.6 1.2 13.5 

6 327 2 14.o 6.3 3.9 4.3 4.o 1.6 7.4 o.8 7.5 1.6 7.3 o.8 7.1
(5410 tons) 4 15.1 5.7 9.0 3.7 8.9 1.6 9.6 1.2 9.7 1.6 9.8 1.4 9.6 

8 17.3 4.3 10.0 3.5 10.1 1.6 12.5 1.2 11.9 1.6 11.3 1.6 9.1 

Note: Time listed under hawser stresses is time of occurrence after beginning of movement of valves. 
Valve opening schedule I was used. 



Table 3 
Fillin� Characteristics

2 
Tl!>cs 2-14 Culvert Arran�ements 2 Mi llcrs Ferr:i::: Lo,:k 

Upper Pool El 80.0 and Lowc-r Pool El 32.0 

Maximum Hawser Str('sses 
Culvert Fill- Lonlilitutlinal U£strcam Transverse Downstream Transverse 
Arrange- ValvP ing U�::;tream Downstream Left Rifiht Left Hi�t 

ment Time Time Pull Ti.me Pull Time Pull Time Pull Time Pull Time Pull Time 
Type min min tons !!!!!!__ tons min ton::; min tons min tons min tons min 

2 2 11.8 '..>-� l1.6 7.4 I+. 3 6.3 1.7 6.7 l.B 7.4 1.6 G.4 1.7
I+ 12.8 h .0 ,,.1 '.,i.4 G.2 3.3 3.0 4.0 2.<) 4.3 3.9 l1.7 4.2 
8 14.8 4.o G.6 l1.0 7.1 2.2 G.2 2.7 i�.l 2.4 5.9 2.3 6.7 

3 2 11.8 9.2 '/ .8 10.0 3.9 5.8 1.8 '.).O 1.7 4.7 1.6 5.3 1.7 
1, 12.8 �. < J '{ .3 G.8 l1.G 3.2 2. <) 3.0 3.2 3.') 4."/ 11.1 3.6 
u 14.9 4.3 6.G (" 1· 

)·) G.·,1 2.2 6.o 1.9 4. <) 2.5 7.'-; 2.9 7.3 

4 2 11.7 'i'.G ;.?.3 9.4 ;2 .4 8.5 l ."/ <).O 1.C. H.5 1.7 7 .8 1.6 
1+ 12 .-, G.-1 3.6 B.o 3.3 4.4 3.0 4.4 3.1+ 1+.5 3.8 3.7 3.4 
8 14.9 J.'.,j �-) '.j.l '.,i.8 3.9 5.2 2."1 8.2 ? c· 

J•'J 5.6 3.2 5.3 

2 11.4 12.1 4.o 13.8 .:1.8 5.9 2.'.., 5.0 3.0 7 .o 2.7 G.6 3.6
4 12.5 U.G 4. <) 8.11 '..,.l 4.7 3.4 3.7 3.3 G.2 3.2 '.,i.5 3.5
8 14.5 7.4 6.9 7.2 6.8 2.4 5.') 2.6 ,· ., 

)•..) 2.6 5.2 2.5 5.3 

6 2 11.4 "{. '.., li.4 '/. '.J ;2.0 3.5 1.G 3.) 1.11 4. 7 4.G 3.<) 4.3 
11 12.5 '/ .1 4.8 6.1 G.11 2.4 3-'/ 2.9 5-3 3.7 5.0 11.G 4.7
() 111.'.;i 4.6 G.9 5.G 6.G 2.2 8.3 2.3 '/ .4 3.0 7.3 3.1 7.9 

'{ 2 11.4 11.3 1+. 3 10.l\ 4.0 7.11 2.2 6.4 2.4 6.4 2.G '/ .2 2.7 
I+ 12.5 G.8 1:.8 '{.0 I+•') 4.5 3.6 4.3 3.7 4.6 3.G 3.9 3.5 
i.\ 14.5 !1.1 '/ .1 4.1 1.:1.u 3.'.J 6.; 3.1 G.;� 2.7 5.7 3 0 .cc 5.9 

8 ;? 11.5 '.).l 4-3 8. 1 1 l1.0 4.B 3.0 5.0 2. 9 5.9 2.3 4.6 2. 9 
4 12.5 B.3 4 r 

·) '/ .G '.,i.O 2.3 3.G l.'/ 3 r· 
•.J 3.0 3.6 2.6 3.7 ,., 

(J 14.'.) 6.a 8.3 6.2 8.G 2.0 �/) o.8 5.2 1.5 8.o 2.3 5.6

9 2 11.6 G.G 11.') 7.G 11.8 4.G 2.0 3.7 2.6 3.8 2.7 '.>.3 2.6
11 12.5 5.4 3.8 6.7 3.3 2.4 2.?. 2.2 4."i 3.0 3.1 3.3 3.7 
i.l 14.5 3.0 7.2 3.9 '{ .1 2.0 '{ .6 1.6 7.2 2.3 6.'.;i l.'.i 6.2 

10 2 11.5 5.2 4.5 'j.7 1+.2 3.4 2.1 2.5 2.;! 3.9 2.3 3.1 2.2 
l1 12.5 4.7 G.2 '.,i.3 G.5 2.4 4.4 2.3 3.9 3.1 3.8 2.9 3.7 
e 14.4 3.6 '.,i.5 3.9 7.8 1.G G.1 1.4 6.9 2.0 1.0 2.1 'i'. 5 

11 ') 
C. 11.4 d.2 4.·r 8.3 4.') 3.2 11.2 3.0 3. <) 3.6 4.2 3."/ 4.3 
l1 12.4 '.,i.<) '.i.O 6.1 3.6 3.4 3.G 2.2 3.3 3.2 3.6 2.8 3.5 
') ,, 14.4 3.') 7 .2 4.7 G.•J 2.0 '..,.2 1.4 '.,i.o 2.3 G.-1 1 ,. 

·) 7.0 

12 2 11.3 '.i ."{ 3.2 ). <) 11. '.i 3.0 2.9 2.8 3.2 3.6 1.G 3.3 l."/ 
11 12.3 l1. '/ '.,i.7 '.,i.3 6.6 2.5 3.3 2.3 3.G 2.6 3.1 2.5 3.2 
H 14.3 !1 .6 7.0 5.0 6.-1 2.1 6.3 2.4 6.o 2.7 6.1 2 .. , 5.8 

13 2 11.4 7.1 3.5 8.3 3.8 3.G 1./ 2.5 2.0 4.o 3.4 ;.2.7 2.0 
11 12.4 4.3 r;.6 4.8 4.3 2.4 3.4 1.5 3.8 3.1 3.3 2.3 4.o 
8 12.4 3-'.i 8.3 4.o 13.1 2.0 '..,.j 1.2 G.'..i 2.5 4.o 2.2 3.9 

14 2 11.7 7.8 3.8 8.H 3."7 4.7 2.1 4."{ 2.2 '.:>.3 2.4 3.9 2.1 
4 12.7 'j ."7 4.7 5.5 1+.8 3.0 2 <i . , 2. 9 2.8 3.6 3.G 3.2 2.8 
8 14.7 4.0 8.5 3.8 6.9 1.5 4.B 1.6 G.2 2.3 '.:i ., . ., 2.1 6.2 

Not(': Time listed under hawser stresses is time of or-,·urn:nce after b<'g.inning of movcm,'nt of 
valves. 
Valve opening schedule II was used. 
Full 12-barJc tow (11,30';-ton r llspla,,cment at 9- rt, Jrai't) was positioned 4'/ rt from 

upstream miter gate pintles. 



Table 4 
Details of Culvert Arra�ement Tms 15-24

1 
Millers Ferr;i:: Lock 

Stations of Ports in Cul·1erts Percent of Lock Chamber 
Center-to-Center Fort 

Culvert Port T�roe o.nd !lo. Port S12acin5
1 

:'t Area/ 
Arrange- Longi- Lateral Longi- Cul,·ert 

ment tudinal Culvert tudinal Lateral Arca 
!;£12e Culverts !!ill. � Culverts Culvert � 

15* A-36 8 1.23 

16M- A-14 A-3 14 3 o.n

11- A-20 A-i; 14 8 0.91 

18 A-20 A-8 14 8 0.91 

19 A-20 B-9 C-27 14 8 1.12 

20 A-20 B-9 14 8 1.06 

21 A-20 A-9 C-27 14 0 1.00 

22 A-20 B-9 C-27 14 8 1.12 

23 A-20 A-9 C-27 14 1.00 

24 A-20 A-9 C-27 14 3 1.00 

Note: The type A port s 1.25 :'t ·,,ide by 4.0 :'t high. 
The type B port s 1.75 ft wide by 4.0 ft high. 
The type C port s 0.667 ft in diameter. 
The lock chamber is 84 ft wide by 655 ft long. 

Down-
UEstream Grou12 stream GrouE 

Up- Do:-m- U:;;:- Down-
stream stream stream stream 
� � Port �

228.5 292.5 353.5 417.5 
208.0 292.5 353.5 438.0 
208.0 292.5 353.5 438.0 
208.0 292.5 353.5 43e.o 

208.0 292.5 353.5 436.0 
208.0 292.5 353.5 43b.o 
2o8.o 292.'.) 353.5 438.0 
208.0 292.5 353.5 438.0 

208.0 292.5 353.5 430.0 
208.0 292.5 353.5 438.0 

The stations in feet are measured from the upstream miter gate pintles. 
* The longitudinal :'loor culvert ports ·.:ere staggered and had interior port de:'lectors.

C>::n-
U12stream ter 

With- With-

out �iith out 
� � Ports 

34.9 9.8 9.3 
31.8 12.9 9.3 

31.8 12.9 9.3 
31.8 12.9 9.3 
31.8 12.9 9.3 

31.8 12.9 9.3 
31.8 12.9 9.3 
31.8 12.9 9.3 
31.a 12.9 9.3 
31.8 12.9 9.3 

ff A dividing wall was installed between the two longitudinal ::1001· culverts in ea�h end of the lock chamber •

Do:-mstrea!:l 
·,i:.t:1-

With out
Ports Ports 

9.8 36.2 
12.9 33.1 

12.9 33.1 
12.9 33.1 

12.9 33.1 
12.9 33.1 
12.9 33.1 
12.9 33.1 

12.9 33.1 
12.9 33.1 

Dimensions of Slope 
Sill Oppo- from Rear 

O;:.en site Lateral of Sill 
Crosso\·e1· Culvert Ports to ilol"l!l8.l 

Culvert Height Width Floor 
!sta 323.o� ___£L, � El !18.0�

Yes 4.0 4.0 10 on l

lio 4.o 4.0 10 on 1 

Ho 4.J 4.0 10 on l 
lb 4.o 4.o 10 on l

!lo 3.5 4.0 10 on 1 
No 3.5 4.o 10 on 1 
!lo 3.5 4.o 10 on 1 
:;o 3.5 4.o 4 on 1 
ilo 3.5 4.o 4 on 1 
Yes 3.5 4.0 4 on 1 



Table 5 
Fillin� Characteristics2 �es 15-23 Culvert Arran�ements2 Millers Ferri Lock

Upper Pool El 8o.o and Lower Pool El 32.0 

Maximum Hawser Stresses 
Culvert Distance Between Fill- Lon�itudinal UEstream Transverse 
Arrange- Tow and Upstream Valve ing u12stream Downstream Left Ri�ht 

ment Miter Gate Time Time Pull Time Pull Time Pull Time Pull Time 
Type No. of Bar�es Pintles2 ft min min tons min tons min tons min tons min 

15 12 47 2 10.4 5.1 3.1 5.3 2.8 1.2 2.7 3.8 1.9 
(11,305 tons) 4 11.3 4.4 6.5 5.0 6.7 0.9 7.1 2.8 4.8 

8 13.2 1.9 11.5 1.7 10.2 o.8 6.4 1.2 5.1 

16 12 47 2 11.5 4.7 2.1 3.9 6.7 3.0 2.2 2.3 2.3 
4 13.1 3.8 5.0 2.7 4.o 2.4 3.5 1.8 3.8 
8 19.3 2.7 6.5 2.3 6.9 2.0 7.2 2.1 7.3

17 12 47 2 10.9 6.3 3.9 6.2 3.6 2.0 2.1 2.7 2.7 
4 11.9 5.9 4.8 5.3 5.1 2.0 4.2 2.6 4.o
8 13.9 3.3 6.6 3.7 6.3 1.9 7.4 1.8 7.5 

18 12 47 2 11.2 5.7 2.3 4.5 2.6 2.4 2.4 2.4 2.3 
4 12.2 4.2 4.6 4.o 4.7 1.5 3.6 1.7 3.4 
8 14.2 3.1 6.9 3.0 6.7 1.5 7.8 1.6 6.7 

19 6 327 2 10.7 5.4 2.8 4.5 1.3 2.2 3.2 2.1 3.3
(5410 tons) 

20 6 327 2 10.8 6.8 1.9 5.2 5.5 1.6 2.1 1.9 2.8 

21 6 327 2 11.0 5.1 3.0 3.9 5.0 2.8 3.3 2.1 3.1 

22 6 327 2 10.8 5.4 2.7 3.8 1.4 2.1 2.0 2.3 2.1 

23 6 327 2 11.0 4.5 2.3 4.o 1.7 2.1 3.3 2.7 3.1 

Note: Time listed under hawser stresses is time of occurrence after beginning of movement of valves. 
Valve opening schedule II was used. 

Downstream Transverse 
Left Ri�ht 

Pull Time Pull Time 
tons min tons min 

2.9 2.5 1.1 3.5 
2.1 4.6 l.l 6.8
1.2 7.1 1.0 7.2 

2.8 2.7 2.4 2.1 

2.5 3.4 1.8 3.5 
1.7 7.4 1.9 7.5 

2.3 4.6 2.8 2.2 
2.6 4.1 2.2 3.8 
2.0 7.0 2.3 7.3 

2.0 2.6 2.6 2.3 
1.6 3.5 2.2 3.9 
1.6 7.4 1.6 8.o

2.1 3.9 2.7 3.8 

1.8 3.6 1.6 2.8 

2.6 3.5 2.3 3.9 

1.7 2.0 2.1 2.2 

2.2 3.2 2.9 3.0 



Table 6 

Filling and EmEtrin� Characteristics
2 

T;a2e 23 {Recommended} Culvert Arrangement
2 

Millers Fer!:_l Lock 

Upper Pool El 80.0 and Lower Pool El 32.0 

Filling Maximum Hawser Stresses 
Distance Between or Lon!ljitudinal UEstream Transverse Downstream Transverse 
Tow and Upstream Valve Emptying UEstream Downstream Left Right Left Ri5ht 

Miter Gate Time Time Pull Time Pull Time Pull Time Pull Time Pull Time Pull Time 
No. of Barges Pintles

2 
ft min min tons min tons min tons min tons min tons min tons min 

-- -- -- -- -- -- -- -- -- -- -- --

Fillin!lj Operation 

12 47 2 11.0 3.5 2.7 3.7 2.5 2.0 1.6 2.3 2.1 2.6 1.7 3.0 2.5 
(11,305 tons) 4 12.0 2.8 3.9 3.2 3.6 2.4 3.6 2.3 5.8 2.2 5.7 2.4 5.6 

8 14.o 2.3 7.4 3.1 8.4 1.4 6.6 1.3 7.2 1.4 7.1 1.7 7.2 

6 47 2 11.0 3.3 1.3 4.3 2.0 2.3 2.0 2.1 2.1 2.6 2.0 2.3 2.4 
(5410 tons) 4 12.0 3.1 6.o 3.9 4.9 1.4 4.3 1.2 3.4 1.4 3.5 1.2 3.3 

8 14.o 2.0 12.2 2.7 7.3 1.2 6.3 o.8 7.5 1.2 8.1 1.2 6.5 

6 327 2 11.0 4.5 2.3 4.o 1.7 2.1 3.3 2.7 3.1 2.2 3.2 2.9 3.0 
4 12.0 3.5 4.4 3.3 6.4 1.4 4.1 1.4 3.3 1.5 4.6 1.8 5.0 
8 14.o 2.9 7.5 2.3 7.3 1.4 5.3 1.0 4.9 1.2 6.9 1.2 6.4 

EmEtiing 0Eeration 

12 47 2 14.2 1.3 6.1 1.2 6.4 0.9 2.7 0.9 3.0 1.1 6.o 0.9 2.8 
(11,305 tons) 4 15.2 1.3 6.o 1.3 6.1 0.9 6.3 1.0 7.4 1.1 7.6 1.0 7.5 

8 17.2 1.3 9.2 1.2 9.9 o.8 13.1 0.1 9.5 1.0 9.6 0.7 9.5 

6 47 2 14.2 2.5 2.5 1.8 2.3 o.6 2.9 o.8 2.8 o.8 2.9 o.8 3.3
(5410 tons) 4 15.2 2.0 2.2 2.0 2.1 o.8 4.6 o.4 2.7 o.8 3.5 o.8 3.7

8 17.2 1.2 5.1 1.6 5.5 o.4 6.9 o.6 4.5 o.8 7.3 o.8 7.4

6 327 2 14.2 2.0 o.6 1.5 3.2 o.8 8.4 o.6 8.3 1.0 2.7 0.9 2.6 
4 15.2 1.8 9.6 1.4 7.5 o.8 4.7 o.6 3.9 o.8 6.3 o.8 5.1
8 17.2 1.8 5.6 1.4 4.1 o.8 8.9 o.6 9.0 o.8 2.6 1.0 2.5 

Note: Time listed under hawser stresses is time of occurrence after beginning of movement of valves. 
Valve opening schedule II was used. 



Distance 
Between Tow 
and Upstream 

Table 7 

Effect of Single-Valve Operation on Filling Characteristics, 

Type 23 (Recommended) Culvert Arrangement, Millers Ferry Lock 

Upper Pool El 80.0 and Lower Pool El 32.0 

Maximum Hawser Stresses 
Fill- Longitudinal Upstream Transverse 

Valve ing U]2stream Downstream Left Right 
Downstream Transverse 

Left Right 
No. of Miter Gate Time Time Pull Time Pull Time Pull Time Pull Time Pull Time Pull Time 
Barges Pintles, ft min min tons min tons min tons min tons min tons min tons 

12 47 2 21.0 4.3 3.5 4.2 2.6 2.0 5.7 2.1 5.4 2.5 5.5 2.5 
(11,305 4 21.8 3.5 6.5 2.9 5.6 2.5 4.3 2.0 4.4 2.3 4.2 2.1 

tons) 8 23.8 3.1 6.7 2.7 6.8 2.1 8.o 2.0 8.2 2.1 8.1 2.1 

Note: Time listed under hawser stresses is time of occurrence after beginning of movement of valves. 
Valve opening schedule II was used. 
River-wall valves remained closed during filling and emptying operation. 
Emptying hawser stresses were less than 1.0 ton. 

min 

5.2 
4.1 
8.4 



Table 8 

Filli� Characteri::tics fnr Ra�,;; of Qr!cration Conclitionz 1 
Tl(!e 2� �Recommended� 

Culvert Arran1;ement 1 Millerz Ferr;j'. Lock 

RaxLnum llawser Stresses 
Lo�itudinal UEstream Transverse Downstream Transverse 

Lower Upper Valve Filling U12stream Downstream Left Ri5ht Left Rii.ht 
Head Pool Pool •rime Time Pull Time Pull Time Pull Time Pull Time Pull Time Pull Time 
...u.. ..fil_ ..fil_ ..!!!i!L ___!!!!!!,_ � !!!!!L � min tons min tons !!!!!L � !!!!!L � !!!!!L 

Submer5ence 14 ft 

38 32.0 70.0 2 10.0 3.9 3.0 3.8 1.3 1.7 2.9 2.5 2.5 1.9 2.6 2.3 2.1 
4 11.0 2.8 6.2 2.9 4.8 1.1 6.3 1.5 4.1 1.3 6.2 1.3 6.3 
8 13.0 2.7 6.2 2.0 11.0 0.8 6,7 0.9 7.4 o.8 8.o 1.2 7.1

48 32.0 8o.o 2 11.0 4.5 2.3 4.o 1.7 2.1 3.3 2.7 3.1 2.2 3.2 2.9 3,0
4 12.0 3.5 4.4 3,3 6.4 1.4 4.1 1.4 3.3 1.5 4.6 1.8 5.0 
8 14.o 2.9 7,5 2.3 7.3 1.4 5,3 1.0 4.9 1.2 6.9 1.2 6.4 

58 32.0 90.0 2 12.0 5.8 1.8 5.0 1.3 1.7 4.3 2.0 2.1 2.1 3.2 2.5 3.3 
4 13.0 4.8 4.9 4.0 5.1 1.2 4.1 1.6 4.2 1.6 4.3 2.0 6.1 
8 15.0 3,5 7.3 2.7 9,0 1.1 6.7 1.2 6.6 1.2 6.7 1.4 6.8 

64 32.0 96.0 2 12.4 G.2 3.2 5,4 4.0 2.5 4.1 2.4 4.o 2.3 3.9 2.3 3.8
4 13.5 5.2 5.2 4.6 5,6 2.2 5.8 2.3 3.2 2.4 5.9 2.3 4.1 
8 15.6 3.3 10.0 2.9 10.6 1.4 8.1 o.8 7.7 1.2 7,3 1.6 7.2

Gubmer5ence 17 ft 

38 35.0 73,0 2 10.0 3.5 3.6 3.6 1.3 1.6 3.1 2.1 3.0 1.5 2.9 1.7 2.8 
4 11.0 3.0 4.1 2.4 5.7 1.3 4.2 0.9 6.8 0.9 4.8 1.2 4.o
8 13.0 2.3 8.2 1.5 6.8 0.7 6.4 0.9 6.5 1.1 6.8 1.1 6.6 

48 35.0 83.0 2 11.0 4.5 4.3 3,9 1.2 1.6 2.5 1.6 2.9 1.6 2.6 1.6 2.3 
4 12.0 3.8 5.4 2.8 7,0 1.2 4.6 1.2 3.6 1.1 3.4 1.5 5.4 
8 14.o 2.7 8.5 2.3 8.4 1.2 5.9 1.1 7,8 1.2 7, 7 1.2 7.6 

58 35.0 93.0 2 12.0 5,7 2.6 4.5 4.3 1.4 1.8 2.4 2.3 1.6 2.0 2.0 2.2 
4 13.0 4.5 4.2 3.9 5.0 1.4 4.5 1.2 4.7 1.6 4.4 1.6 3.9 

15.0 3.0 8.4 2.5 9.4 0.9 5.3 o.8 5.8 1.0 5,7 1.2 5.9

61 35.0 96.0 2 12.2 5.9 2.7 5.0 2.9 1.6 3.2 1.5 3.3 2.1 3.6 2.0 3.5 
4 13.2 4.5 4.8 3.3 5.0 1.0 4.5 1.2 4.3 1.7 4.9 2.2 5.0 
8 15.2 3.1 7.1 2.8 7.9 o.6 7.6 0.7 5.7 1.0 5.8 1.1 6.o

Gubmeri.ence 20 ft 

38 38.0 76.0 2 10.0 3.4 2.8 3 ,, -� 4.0 J.4 2.9 1.11 3.0 1.4 4.9 1.6 5.0 
4 11.0 3.0 4.'/ 2.5 8.7 0.9 11. 5 0.9 4.4 1.3 4.6 1.2 4.5
8 13.0 2.0 6.7 2.0 8.1 1.2 7.6 1.0 7,5 l.l 7,6 1.2 7.5

48 38.0 86.o 2 11.0 4.2 3.1 3,7 3.9 1.6 1.8 1.6 3.7 1.8 5.0 2.0 1.8 
4 12.0 3.3 6,7 2.7 7.4 1.4 5.5 1.0 5.6 1.4 5,3 1.2 5.8 

1l1.0 2.6 9.3 2.3 9.0 1.4 7,3 1.0 6.3 1.4 '/ .5 1.3 6.4 

58 38.0 96.0 2 12.0 5.1 3.1 4.2 1.5 2.0 1.9 2.0 2.0 2.1 2.1 2.1 4.1 
4 13.0 3.9 8.o 3.0 7.9 1.0 4.3 1.0 4.9 1.2 2.9 1.2 4.4
8 15.0 3.1 9.2 2.8 9.8 1.1 '{.6 1.0 7.4 1.1 '/ .1 1.3 7,0 

Note: 'l'ime listed under hawser strec::cs is time of ,,ccurreni;c after bccinnine of movement of valves. 
Valve opening schedule II was usecl. 
Six-barcc tow ( 5410 tone displacement at 9-ft draft) positiunc<l 32'/ ft below upstream miter cute 

pintles. 



Table 9 

Em2t:z:ini;: Characteristic:; for RanL:e of 2J2cration Conditions 
1 

'f,z'.21.: 23 �Recommended� Culvert ArranL:ement 1 Millers Ferr;i:: Lock 

Maximwn Hawser Stresses 
Empty- Lone;itudinal UEstream Transverse Downstream Transverse 

Lower Upper Valve inc UEstream Downstream Left Rifaht Left Rie;ht 
Head Pool Pool Time Time Pull Time Pull Time Pull Time Pull Time Pull Time Pull Time

ft El El min � ton:; min tons min tons min tons min tons min tons min 

Submer&encc 14 ft 

38 32.0 70.0 2 12.6 3.3 L2 2.6 1.3 0.7 8.4 0.8 8.3 0.7 LO 0.7 2.3 
4 13.6 2.5 4.o 2.4 2.9 0.7 4.8 0.7 3.0 0.9 2.9 LO 3.0

8 15.6 1.8 3.1 L9 3.0 o.6 6.8 o.6 5.0 o.8 4.9 0.9 4.2

48 32.0 80.0 2 14.2 2.0 o.6 L5 3.2 o.8 8.4 o.6 8.3 LO 2.7 0.9 2.6
4 15.2 1.8 9.6 1.4 7.5 o.8 4.7 o.6 3.9 o.8 6.3 o.8 5.1

8 17.2 1.8 5.6 L4 11.l o.8 8.9 o.6 9.0 o.8 2.6 LO 2.5

58 32.0 90.0 2 15.6 3.5 2.4 3.5 2.5 0.9 5.!1 0.8 4.1 Ll 4.0 Ll 3.0 
4 16.6 2.0 8.9 1.9 5.5 o.8 11.6 0.7 11.7 0.9 5.3 Ll 4.8

8 18.7 1.8 3.0 1.7 3.2 o.6 5.1 1 0.5 4.3 o.6 4.3 0.9 4.4

E4 32.0 96.0 2 16.0 2.0 3.6 L8 3.5 o.8 2.!1 0.7 2.5 L2 1.7 0.9 1.8
4 17.1 L9 3.2 1.5 3.3 0.7 6.1 o.6 3.1 o.8 4.2 o.8 4.3
8 19.3 1.7 2.3 L5 2.1, o.8 2.5 0.11 3.1 o.8 3.9 0.9 4.0

Submeri.ence 17 ft 

38 35.0 73.0 2 12.6 2.0 L7 1.6 2. 1 1 O.') 2.0 0.5 3.1 0.7 2.6 o.8 2.1
11 13.6 1.6 1,.8 L2 5.8 0.7 12.5 0.7 12.4 o.6 4.9 o.6 4.2

8 15.( L2 9.2 LO 'J.3 0.7 4.3 0.7 4.2 o.8 4.3 0.7 4.2

48 35.0 83.0 2 14.2 L9 5.6 2.0 5.8 0.9 2.2 0.9 2.3 1.0 6.4 Ll 6.3 
4 15.2 L8 6.2 l.'{ '.,i.5 0.9 11.7 0.9 9.4 O.') 8.1 Ll 8.0 
8 17.2 L7 9.0 L5 11.1, 1.2 4.o 0.9 3.9 1.2 5.0 1.2 5.1

58 35.0 93.0 2 15.G 2.8 2.8 2.9 2.6 0.7 3.9 0.7 3.8 Ll 4.1 0.9 4.3 
l1 16.6 2.1 3.8 2.3 3.9 0.7 3.7 0.6 3.8 0.9 2.7 o.8 2.6

8 18.7 2.1 8.7 L9 8.8 o.8 7.8 0.7 11.3 o.8 6.7 0.9 1L3

Gl 35.0 96.0 2 15.8 2.5 h.l 2.0 1,.2 L2 7.6 o.8 7.3 1.1 4.1 1.1 10.7
4 16.8 2.0 9.7 1.8 1 1.3 L5 4.2 LO l1.3 1.2 2.8 1.2 4.3 
8 18.') L'( 2.8 1.5 ,., ,., '·•" o.8 3.2 0.9 1,. 2 Ll 5.8 1.3 9.9

Submeri.cnce 20 ft 

38 38.0 76.0 2 12.5 L5 L5 1.8 5.0 0.11 1.7 o.4 2.5 C•.4 2.6 0.11 3.8
4 13.5 L5 6.o 1.5 7.1 1 o.1 1 6.2 o.4 6.3 c,.5 4.9 o.4 4.8

8 15.5 1.11 4.8 1.3 3.5 0.11 3.2 o.4 2.9 C-.5 8.9 o.4 7.5

48 38.0 86.0 2 1:1.2 2.0 3.3 2.0 11.l o.8 6.5 o.8 6.4 L3 6.6 1.1 6.5
11 1,· I") :;,.� 1.9 7.6 L8 7.7 o.8 3.1 o.6 7.4 1.2 3.9 1.0 2.7
8 17 2 L8 7.3 1.8 8.6 o.6 7.3 o.6 3.4 LO 5.9 1.2 6.o

58 38.0 96.0 2 15.'.5 2.'/ 2.9 2. J-1, 2.5 LO 3.1 1.1 2.8 Ll 2.8 1.6 2.7 
4 16.5 2.5 10.8 ,, � 

�-:i 10.l 0.'.) 0.5 0.9 0.9 LO L4 1.0 o.6
8 18.6 2.3 2.0 2.6 L9 o.8 L5 0.5 11.5 0.9 6.1 o.8 5.6

NOTE: Time li::ted under hawser "tresr:er: ic time of oecurrencc after becinninc of movement of valves. 
V1lv0 openiuc schedule II was u:::c,l. 
Six-barge tow (5h10 ton:; di:;placcmcnt at '}-ft dra:t) po::itioned 327 ft below upstream miter c;ate 

pintles. 



Vent 
Diam 
_1!!,:_ 

None 

None 

1-1/2

1-1/2

3
6

12 

Effect of Air Vent Size 

Type 23 

Minimum Pressure Below 
Filli� Valve Valve 
Water Time Time 

ft min min 

-12.0 1.3 2 

-9,5 2.4 4 

-10.5 1.2 2 

-10.0 2.5 4 

-9.0 1.3 2 

-8.2 1.1 2 

-7-3 1.1 2 

Table 10 

on Filli� Characteristics and Minimum Pressures Below Filli� Valves 

�Recommendedl Culvert Arr�ement
1 

Millers Ferry Lock 

Upper Pool El 8o.0 and Lower Pool El 32.0 

Maximum Hawser Stresses 
Lo�itudinal U£stream Transverse Downstream Transverse 

Filling Uostream Downstream Left Rie;ht Left Rie;ht 
Time Pull Time Pull Time Pull Time Pull Time Pull Time Pull Time 
min tons min tons min tons min tons min tons min tons min 

11.0 4.5 2.3 4.o 1.7 2.1 3.3 2.7 3.1 2.2 3.2 2.9 3.0

12.0 3.5 4.4 3.3 6.4 1.4 4.1 1.4 3.3 1.5 4.6 1.8 5.0 

11.2 5.2 2.0 4.o 1.3 1.9 2.3 2.8 2.2 2.1 2.1 2.6 2.4
12.2 4.2 3.8 3.1 7.2 1.6 5.0 1.3 3.4 1.9 5.6 2.3 5.7 

11.2 5.4 5.1 4.2 1.4 1.9 1.7 2.0 1.9 1.8 1.8 2.6 2.6 

11.2 5.6 3.1 5.0 2.9 2.2 2.6 2.4 3.1 2.1 3.2 2.5 2.7 
11.2 6.o 4.o 6.4 4.2 2.3 2.1 2.3 2.2 2.7 5.3 2.9 2.1

Note: The six-barge tow positioned 327 ft from upstream miter gate pintles has a displacement of 5410 tons. 
Bulkhead slots closed. 
Time listed under hawser stresses and filling-valve pressure is time of occurrence after beginning of movement 

of valves. 
Valve opening schedule II was used. 
Minimum pressure below filling valve is related to the roof of the culvert at elevation 26.0 



Table 11 

Averaee Piezometer Readings During Filling Operation, Type 23 (Recommended) Culvert Arrant:ement, Millers Ferry Lock 

Piezometer Location3 
Piez 
No. Station El 

T" - 0 
LC*�· = 32.0 

Intake Piezometer Group A 

l 0+54,00B 25.0 80.0 
2 0+54.00B 25.0 80.0 
3 0+34,50B 25.0 80.0 
4 0+15,00A 22.5 80.0 
5 0+34,50B 25.0 80.0 
6 0+15,00A 22.5 80.0 

Filling-Valve Piezometer Group B 

l 0+85.00A 26.0 80.0 
2 0+88.00A 16.0 80.0 
3 1+08.00A 16.0 32.0 
4 1+10.00A 16.0 32.0 
5 1+12.00A 16.0 32.0 
6 1+14.00A 16.0 32.0 
1 1+14.00A 26.0 32.0 
8 1+16.00A 16.0 32.0 
9 1+18.00A 16.0 32.0 

10 1+20.00A 16.0 32.0 
11 1+19.00A 26.0 32.0 
12 1+22.00A 16.0 32.0 
13 1+24.00A 16.0 32.0 
14 1+24.00A 26.0 32.0 
15 1+26.00A 16.0 32.0 
16 1+28.00A 16.0 32.0 
17 1+30,00A 16.0 32.0 
18 1+29,00A 26.0 32.0 
19 1+32,00A 16.0 32.0 
20 1+34.00A 16.0 32.0 
21 1+36,00A 16.0 32.0 
22 1+38,00A 16.0 32.0 

Culvert Piezometer Group C 

l l+82,50A 21.0 32.0 
3 2+32, 50A 21.0 32.0 
5 2+82,50A 21.0 32.0 
7 3+32, 50A 21.0 32.0 
9 3+82,50A 21.0 32.0 

ll 4+32,50A 21.0 32.0 
13 4+82,50A 21.0 32.0 

Longitudinal Floor Culvert 
Piezometer Group D 

Main 

l 3+15,00A 8.5 32.0 
2 3+31,00A 8.5 32.0 

Upstream 

l 3+08.25A 8.5 32.0 
2 2+84,50A 8.5 32.0 
3 2+6o,50A 8.5 32.0 
4 2+36. 50A 8.5 32.0 

Downstream 

9 3+37 • 75A 8.5 32.0 
10 3+6l,50A 8.5 32.0 
ll 3+85,50A 8.5 32.0 
12 4+09,50A 8.5 32.0 

T - 30 T = Go 
LC = 32,6 LC = 33,4 

80.0 79.8 
79.7 78.1 
79.5 78.0 
79.3 77.3 
8o.2 79.8 
79.9 78.0 

79.7 75.6 
79.5 75,5 
61.8 64.3 
32.8 50.0 
28.2 33.3 
28.1 24.o 
26.0 19.0 
28.0 21.8 
27.8 21.2 
27.0 20.2 
25.8 19.0 
27.2 20.8 
26.8 20.7 
26.5 20.3 
26.4 20.0 
27,0 20.7 
27.5 21.5 
27.8 21.3 
27,3 20.8 
27.8 21.5 
28.3 22.0 
28.5 22,l 

33.2 34.7 
33.0 34.7 
32.8 34.9 
33.0 35.8 
33.0 35.7 
33.0 35.8 
32.7 35.0 

32.7 34. 3
32.7 34.3

32.8 34.5 
32.1 33.5 
32.5 34.3 
32.7 34.8 

32.8 34. 3
32.6 34.0
32.5 34. l
32.5 34.3 

Note: Elevations are in feet referred to mean sea level. 
Two-min valve schedule II fills lock in 11.0 min. 
Bulkhead slots below filling valves closed. 

T - 90 T - I20 
LC = 35,0 LC = 38.2 

78.2 76.4 
73.6 67.6 
73.0 66.5 
71.0 62,7 
78.3 76.3 
12.e 64.3 

64.8 50.0 
64.9 50.7 
54,0 48.2 
47.8 47.2 
40.2 47.1 
32.5 46.6 
15.8 44.0 
26.7 46.3 
23.1 46.0 
20.8 46.o
17.3 47.1
20.5 46.2
20.5 46.l
20.2 46.8
20.2 45.5
21,3 45.7
23.2 46.o
23.8 46.3
23.9 45.3 
25.5 44.7 
26.8 44.3 
28.0 43.8 

38.8 42,5 
37,7 41.0 
40,3 48.o
43.5 54.3 
44.2 58.0 
44.2 57.9 
43.0 56.7 

39.5 47.0 
39.3 46,7 

39.8 46.8 
37.0 43.8 
39.8 47.4 
41,l 50.0 

38.4 44.8 
37.9 43.8 
38.9 46.3 
39.5 48.o

* Tis time (in prototype seconds) after beginning of filling operation.
- LC is elevation of water surface in lock chamber.

Initial Head 48.o ft (Upper Pool El 8o.o and Lower Pool El 32.0) 

AveraGe Fiezometer Reaaing, in Frototype Elevation 
T - I:;o T - I8o T = 210 T � 240 T = 270 T = 300 T = 330 ·r � 360 T = 390 

LC= 42.2 LC =  46.0 LC= 50,0 LC� 53.0 LC= 56,3 LC = 60.1 LC = 62.5 LC= 65.3 LC= 67.9 

76.5 77.0 77.2 T(,5 77.8 78.1 78.3 78.7 '(8.9 
68.o 69.3 70.5 71.5 72.5 73.8 74.5 75.3 76.2 
66.9 68.3 69.0 70.2 71.8 72.5 73.8 711.3 75.5 
63.1 65.0 66. 3 68.o 69.4 71.8 72.0 73.1 74.2 
76.5 76.9 77.2 77.6 78.0 78.2 78.5 78.8 79.0 
64.2 65.8 67.3 69.0 70.5 71.8 12.e 73.8 74.9 

51.3 55.0 58.1 6o.6 63.0 65.8 67.4 69.1 71.0 
52.0 55.6 58.5 61.0 63.5 66.o 67.6 69.3 71.1 
51.0 54.6 57.8 60.l 63.8 65.0 66.8 68.7 70.5 
50.2 53.8 57.0 59.3 62.0 64.3 66.o 68.0 69.7 
50.4 54.o 57.2 59.8 62.3 64.9 66.6 68.5 70.2 
50.0 53.9 56.8 59.5 62.l 64.5 66.2 68.2 70.1 
49.0 53.0 56.3 59.0 61.7 64.2 66.o 68.0 70.0 
50.0 53.8 57.0 59.5 62.l 64.7 66.3 68.3 70.2 
49.6 53.3 56.8 59.2 61.8 64.2 66.o 68.o 70.0 
l,9,3 53.1 56.2 59.0 61.5 64.o 65.8 67.9 69.8 
50.0 53.8 57.0 59.5 62.2 64.8 66.5 68.5 70.3 
49.5 53.3 56.5 59.0 61.8 64.3 66.o 68.2 70.0 
49.4 53.2 56.5 59.0 61.8 64.2 66.o 68.l 10.0 
49.3 53.2 56.5 59.0 61.8 64.2 66.o 68,l 70.0 
48.9 52.7 56.0 58.5 61.5 64.0 65.8 67.8 69.7 
49.0 52.8 56.2 58.8 61.7 64,0 66.0 68,0 10.0 
49.1 53.0 56.3 59.0 61.8 64.l 65.9 68.o 69.9 
49.2 53.0 56.3 58.8 61.7 64.o 65.8 67.9 70.0 
48.2 52.0 55.2 58.0 6o.8 63.2 65.1 67.1 69.0 
47.9 51.8 55.0 57.5 60.4 63.0 64.8 66.8 68.7 
47.5 51.4 54.8 57.3 6o.2 62.9 611,7 66.8 68.8 
47,0 51.0 54.3 57.0 6o.O 62.7 64,5 66.6 68.5 

45.7 50.0 53. 5 56.3 59.3 62.3 611,2 66.4 68.5 
44.5 48.8 52.5 55.3 58.5 61.4 63.5 66.0 68.o
51.5 54.8 57.8 60.0 61.4 64.9 66.5 68.3 70.1
58.0 6o.8 63.0 64.4 65.8 67.5 69.0 70.7 71.8
60.3 62.7 65.5 66.6 68.3 69.8 71.0 72.3 73.0
60.5 62.8 65.7 66.8 68.5 69.8 71.0 72.3 73.1
6o.o 62.5 65.0 66.2 68.0 69.2 70.7 71.8 72.8

51.0 53.8 56.7 59.2 61.5 63.8 65.8 68.0 69.7 
50.0 53.3 56.2 58.8 61.0 63.8 65.7 67.3 69.5 

50.8 53.8 56.2 59.0 61,4 63.7 66.o 68,2 69.9 
48.o 51.3 54.2 57.0 59.5 62.2 64.5 66.8 68.5 
51.2 511.3 56.8 59.0 61.4 63.8 65.9 68.0 69.5 
54.0 57.0 59.0 61.0 63.0 65.2 67.3 69.3 70,9 

48.4 52.0 55.0 57.8 60.4 63.2 65.0 61.0 69.3 
47.7 51.3 54.2 57.2 59.7 62.5 64.5 66.6 69.0 
50.2 53.8 56.8 59.2 61.7 64.2 66.o 67,9 69.9 
51.8 55,l 57.9 6o.5 62.7 65.1 66.8 68,7 70.3 

T - 420 T = 450 T = 480 T - 540 T = 6oo T - 660 
LC= 69.8 LC = 72, 5 LC = 73,7 LC= 76.9 LC =  78.7 LC = 80.0 

79.1 79.4 79.7 79.8 80.1 80.2 
77.0 77,6 78.2 78.8 79.8 80.l
76.6 ·,1.2 77.9 78.7 79,7 8o.l
75.8 76.'., T(,3 78.2 79.6 80.2
79.1 79.4 79.7 79.9 80.2 80.3
75.9 76.6 77,4 78.1 79.4 eo.o

73.0 74.l ·r,. 5 77.0 79.2 80.0 
73.0 74.1 75.6 77.0 77.0 79.9 
72.2 73.11 74.9 76.4 78.7 79.4 
71.7 72.9 74.2 75.8 78.2 78.9 
72.1 73.2 74.9 76.3 78.6 79,5 
72.0 73.2 74.8 76.2 78.5 79.4 
71.8 73.0 74.5 76.1 78.4 79.2 
72.0 73.3 74.8 76.2 78.7 79.5 
71.9 73.1 74.6 76.1 78.5 79.3 
71.8 73.0 74.4 76.0 78.4 79.2 
72.1 73.3 ·711.8 76.2 78.7 79.5 
71.9 73.0 74.6 76.0 78.5 79.4 
72.0 73.1 74,7 76.1 78.6 79,5 
72.0 73.2 74,8 76,2 '(8.1 79.5 
71.7 72.9 74.3 76.0 78,4 79,3 
71.9 73, l 74,6 76.1 78,7 79,5 
71.8 73.1 74,7 76,l 78,7 79.6 
71.8 73.0 74,5 75,5 78,4 79.4 
71.0 72.3 74.9 75.0 77,9 78.8 
70.8 71.9 73.4 75.2 77.4 78. 3
70,b 72.0 73.6 75.2 77.8 78.7
70.7 71.9 73.5 75.3 77.7 1e.1 

70,7 72.0 73.6 75.3 78,0 '(9.0 
70,2 11. ·r 73.4 75.2 78,0 79.0 
72.0 72.9 74,2 75.8 78,0 79.0 
72.1 74.2 75.3 76,4 78.2 79.0 
74.2 75.2 76,0 77,l 78.8 79.3 
74.2 75.2 76.1 77.2 78.9 79.4 
73.8 74,8 75,6 76.8 78,3 79.0 

71.5 73.0 74.3 75.8 78.1 79.0 
71.3 72.6 74.l 75.6 77,9 78.8 

72.0 73.3 711.8 76.1 78.6 79,4 
71.0 72.3 73.8 75.3 77,9 78.9 
71,4 72.7 74.0 75.5 77.8 78.8 
72.5 73.8 75.0 76.3 78.5 79.2 

71.4 72,8 74.3 75,8 78.4 79.4 
71.0 72.3 73.9 75.4 78.0 79.0 
71,8 73.0 74.4 75.9 78.2 79,l 
72.2 73.4 74.8 76.0 78.3 79.2 



Table 12 

Average Pi ezometer Readi ngs During Emptyi ng Operati on, Type 23 (Recommended) Culvert Arrangement, 

Piezometer Locations 
Piez T* = 0 T = 30 T = 60 T - 90 T = 120 

No . Station El LC-lH!- = 80 .0 LC= 79. 5 LC= 78.5 LC= 76 . 5 LC = 73.6 

Culvert Piezometer Group C 

2 2+07,50A 21.0 80.0 78 .0 75 .5 69 .7 61.1 
4 2+57 . 50A 21.0 80 .0 78 .5 75 .8 69 .9 61.3 
6 3+07 , 50A 21.0 80.0 78 .5 75 .8 69 .8 61.0 
8 3+57 . 50A 21.0 80 .0 77 .5 73.2 62 .7 51.7 

10 4+07 , 50A 21.0 80 .0 77 .0 71.3 58 .0 44 .0 
12 4+57,50A 21.0 80 .0 77 .3 70.7 55 .8 41.8 
14 5+07. 50A 21.0 80 .0 77 .2 69 .5 53 .0 39.0 

Valve Piezometer Group E 

1 5+41 .00A 26 .0 80 .0 77.0 69 .0 52 .1 37 . 3 
2 5+44 .00A 16.0 80.0 77.5 69 .6 52 .7 38 .0 
3 5+49 .00A 16.0 80 .0 76 . 5 68 .9 52 .1 37 .5 
4 5+59 . 50A 16.0 80 .0 75. 3 66 .o 48 .3 36 .5 
5 5+63. 50A 16.0 32 .0 51.2 57.0 44 .5 36 .7 
6 5+67 .60A 16.0 32.0 27.8 28 .0 35 .2 36 .0 
7 5+73, 50A 26 .0 32 .0 28 .9 28 .8 28 .8 32 .2 
8 5+75 . 50A 16.0 32 .0 26 .0 20 . 3 22 .0 35 . 3 
9 5+79. 50A 16.0 32.0 26 . 5 22 .0 21.1 35 . 3 

10 5+83. 50A 16.0 32 .0 26 . 3 22 .1 20 . 3 34 .9 
11 5+87. 50A 16.0 32.0 27. 5 23 .8 20 .8 35 .0 
12 5+88 . 50A 26 .0 32.0 28 .0 26 .4 26 .4 32 .3 
13 5+91. 50A 16.0 32 .0 27 .8 24 .o 20 .0 34.5 

Outlet Piezometer Group F 

1 7+06 .00A 5.0 32 .0 31.8 31.3 28 .5 28 .3 
2 6+98 .00A 5.0 32 .0 33.0 34 .o 36 .0 36 .0 
3 7+23 .00A 5.0 32 .0 32 .8 33 .1 34 .o 34 .0 
4 7+23 .00A 5.0 32 .0 32 .0 31. 7 32 .0 30 .0 

Note : Elevations are in feet referred to mean sea level . 
Two-min valve schedule II empties lock in 14.2 min . 

* Tis time (in prototype seconds) after beginning of emptying operati on . 
** LC i s elevation of water surface in lock chamber . 

Initi al Head 48 .0 ft (Upper Pool El 80.0 and Lower Pool El 32.0) 

Average Piezometer Reading, in Prototype Elevation 
T = 150 T = 180 T = 210 T = 240 T = 270 T = 300 T - 330 T = 360 

LC= 70.0 LC= 67 .3 LC= 64 . 3 LC = 61.5 LC= 58.7 LC= 56 .0 LC= 53 .8 LC = 51.5 

57 .8 55 .8 53. 5 51.7 50 .0 48 .1 46 .6 45 .0 
58 .0 55 .9 53.7 51.8 50 .1 48 .2 46 .7 45 .1 
57.5 55 .5 53.3 51.4 49.8 48 .o 46 .4 44 .8 
48 .o 46 .8 45 . 3 44 .1 43 . 3 42 .1 41.1 40 .0 
40 .7 39 .7 38 .7 38 .2 38.0 37.6 36 .8 36.2 
38 .8 38 .1 37. 3 36 .8 37.0 36.8 36 .0 35 .3 
36 .5 36 .0 35 .1 35 . 3 35 .6 35 . 3 34.6 34.3 

34 .9 34 .5 33.8 33 .9 34 .3 34 .3 33 .8 33 .7 
35 .7 35 .1 34 .4 34 .6 34 .9 34.8 34 .1 33.9 
35 .0 34 .6 34 .o 34.1 34 .5 34. 3 33.8 33 .4 
34 . 3 34 .0 33. 3 33 .5 33 .9 33 .8 33 .2 33 .0 
34 . 5 34.2 33 .5 33 .8 34 .o 33 .9 33 .4 33.1 
33 .8 33 .6 32.9 33 .1 33 .5 33 .4 33 .0 32.8 
32 .2 32 .0 31.8 31.8 32 .0 32 .0 32 .0 31.9 
33 .0 33.0 32.1 32 .6 33 .0 33 .0 32 .8 32 .4 
33 .0 33.0 32 .1 32 .6 33 .0 33 .0 32 .8 32. 5 
32 .9 32 .8 32 .0 32 .2 32 .8 32.8 32.6 32 . 3 
33.0 32 .9 32 .0 32 .3 32 .9 32 .9 32 .8 32 . 5 
32 .0 32 .0 31.3 31.7 32.0 32 .0 31.8 31.7 
32.8 32.6 32 .0 32 .2 32.8 32 .8 32 .5 32 . 3 

28 .8 28 .8 28 . 3 29 .3 30 .0 30 .2 30 .0 30 .1 
33.6 33. 3 32.8 33 .1 33 .4 33 .2 32.9 32 .8 
32 .0 31.0 31.9 31.5 31.6 31.9 31.4 31.4 
28 .8 28 .7 28 .7 29 .1 30 .0 29 .9 30 .0 30 .0 

Mi llers Ferry Lock 

T = 390 T = 420 T = 450 T = 480 T = 540 T = 600 T = 666 T = '720 
LC= 49.2 LC= 47.2 LC= 45 .4 LC= 43.5 LC= 40.4 LC= 37.9 LC= 36.8 LC= 34 .2 

43 .4 47 .1 40 .9 39 .7 37 .3 35 .8 34.2 33 .1 
43 .5 47 .2 41.0 39.8 37. 5 35.8 34. 3 33 .2 
43 .2 47 .0 40 .8 39 .7 37. 3 35 .7 34 .2 33 .1 
39 .0 38.2 37.5 36.8 35 .2 34 .1 33 .2 32 . '.J 
35 .4 35 .1 34 .8 34.2 33.5 33 .0 32 .3 32 .0 
34 .8 34.6 34 . 3 34 .1 33 .2 33 .0 32 . 3 32 .0 
33 .9 33.8 33 .7 33.4 32 .8 32 .5 32 .1 32.0 

33 .0 33 .1 33.0 33 .0 32 .5 32.3 32.0 31.9 
33 .4 33 .4 33. 3 33.0 32 .7 32 .5 32 .1 32.0 
33 .0 33 .0 33.0 32 .8 32.2 32 .1 31.9 31.8 
32 .8 32.7 32 .6 32.2 32 .0 32.0 31.8 31.8 
32 .9 32 .8 32 .8 32 .6 31.1 32 .1 31.9 31.8 
32 .4 32 .4 32 .4 32 .4 32 .0 32 .0 31.8 31.7 
31.8 31.7 31.8 31.8 31.5 31.6 31.5 31.5 
32 .1 32.1 32 .2 32.1 31.9 31.9 31.7 31.7 
32.1 32 .1 32.2 32 .1 32 .0 31.9 31.7 31.7 
32. 0 32 .0 32 .1 32 .0 31.9 31.8 31.5 31.5 
32.1 32 .1 32 .2 32 .1 32 .0 31.9 31.8 31.7 
31.4 31.3 31.4 31.3 31.0 31.1 31.0 31.0 
32 .0 32.0 32 .1 32 .0 31.9 31.8 31.7 31.5 

30 .2 30 .7 30.8 30 .9 31.0 31. 3 31.3 31.4 
32 .2 32 .5 32 .2 32 .2 32.0 32.0 31.7 31.b 
31.1 31.6 31.5 31.6 31.3 31.3 31.3 31.3 
30 .0 30 . 5 30 .7 30.9 31.0 31.0 31.2 31.3 



Table 13 

Details of Culvert Arrangement Types 25-40, Jones Bluff Lock 

Center-
to-

Culvert Center Port Axea/ Stations of Ports in Culverts Percent of Lock Chamber 
Arrange- No. of Port Culvert 

ment Port Spacing Axea 
T�e Pairs ft Ratio 

25 10 14 1.30 

26 8 14 1.04 

27 8 14 1.04 

28 8 14 1.04 

29 8 14 1.04 

30 8 14 1.04 

31 8 14 1.04 

32 8 14 1.04 

33 8 14 1.04 

34 8 28 1.04 

35 7 28 0.91 

36 7 28 0.91 

37 7 14 0.91 

38 7 14 0.91 

39 7 14 0.91 

40 7 14 0.91 

Upstream Grou:12 
Upstream Downstream 

Port Port 

166.5 292.5 

194.5 292.5 

180.5 276.5 

166.5 264.5 

152.5 250.5 

138.5 236.5 

124.5 222.5 

ll0,5 208.5 

96.5 194.5 

96.5 292.5 

ll0.5 278,5 

124.5 292.5 

152.5 250.5 

152.5 236.5 

152.5 236.5 

138.5 222.5 

Downstream Groun 
Upstream Downstream 

Port Port 

353,5 479.5 

353.5 451.5 

367.5 465.5 

381.5 479,5 

395.5 493.5 

409.5 507.5 

423.5 521.5 

437.5 535.5 

451.5 549.5 

353.5 549.5 

367.5 535.5 

353.5 521.5 

409.5 493.5 

409.5 493.5 

409.5 493.5 

423.5 507.5 

u:12stream 
Without With 

Ports Ports 

25.4 19.3 

29.7 15.0 

27.5 15.0 

25.4 15.0 

23.3 15.0 

21.l 15.0 

19.0 15.0 

16.9 15.0 

14.7 15.0 

14.7 29.9 

16.9 25.6 

19.1 25.6 

23.3 12.8 

23.3 12.8 

23.3 12.8 

21.l 12.8 

Note: The type A port (1.25 ft wide by 4.0 ft high) was used in arrangement types 25-40. 
The lock chamber is 84 ft wide by 655 ft long. 
The stations in feet are measured from the upstream miter gate pintles. 
The floor culverts are each 11.0 ft wide by 7,0 ft high. 

Center Downstream 
Without With Without 

Ports Ports Ports 

9.3 19.3 26.7 

9.3 15.0 31.0 

13.6 15.0 28.9 

17.8 15.0 26.8 

22.0 15.0 24.7 

26.4 15.0 22.5 

30.6 15.0 20.4 

35.0 15.0 18.l

39.2 15.0 16.1

9.4 29.9 16.1

13.6 25.6 18.3

9.3 25.6 20.4

26.4 12.8 24.7

26.4 12.8 24.7

26.4 12.8 24.7

30.7 12.8 22.5



Table 14 

Filli� Characteristics, Tll2es 25-40 Culvert Arra!!eiements 

Jones Bluff Lock 

Upper Pool El 77.0 and Lower Pool El 32,0 

Maximum Hawser StresseG 
Culvert Lo�itudinal UEstream Transverse Downstream Transverse 
Arrange- Filling UEstream Dcwnstream Left Rifjht Left Rifjht 

ment Time Pull Time Pull Time Pull Time Pull Time Pull Time Pull Time 
Tl!2e min tons min tons � tons min tons min tons min tons min 

25 10.3 5.3 4.2 3.0 4.3 2.5 4.3 2.2 4.6 2.5 lL4 2.3 4.3 
26 10.4 6.o 0.3 3.1 2.0 2.1 2.3 2.0 3.8 2.0 2.4 2.0 2.5
27 10.4 5.6 3.6 2.9 0.3 2.0 2,3 1.8 2.1 2.0 3,3 1.8 3.2 
28 10.4 4.6 1.9 2.9 1.8 2.5 2.6 1.9 2,5 2.0 2.6 2.1 2,7 
29 10.4 4,7 2,7 2.5 3.8 1.6 3.0 1.1 5,3 1.5 2.5 1.1 3.3 
30 10.5 3,9 1.8 2.6 5,3 1.3 2.6 1.2 1.5 1.2 1.6 1.4 1.5 
31 10.5 3.9 2.6 2.7 5.3 1.5 2.2 1.2 2.1 1.6 1.3 1.2 3.4 

32 10.G 4.0 1.8 2.5 4.6 1.6 2.8 1.6 1.7 2.1 2.3 1.3 2.8 

33 10.6 4.2 1.8 2,7 6.2 1.0 2.7 1.7 2.2 1.7 2.1 1.3 2.6 

34 10.5 5.2 2.6 3.4 5.8 2.7 2.9 1.9 2,0 2.4 3.0 2.0 3,5 

35 10.6 4.6 3.2 2.7 4.8 1.6 2.2 1.4 2.0 1.6 2.9 2.0 2.1 

36 10.5 4.3 3.7 2.9 3.1 1.9 2.2 1.9 1.9 2.2 2.1 2.1 2.0 

37 10.7 4.3 2.0 2.0 0.3 1.6 1.6 1.6 2.8 2.5 2.9 1.4 2.8 

38 10.9 3.7 1.8 2.1 5.7 2.3 2.8 1.1 3.0 2.1 2.4 1.2 1.7 
39 10.8 5.1 2.6 2.5 5,9 2.3 2.2 1.2 1.9 2.7 3.0 2.3 2.4 
40 10.9 4.1 6.o 2.3 6.3 1.8 2.8 1.3 2.9 1.6 4.6 1.4 4.7

Note: Time listed under hawser stresses is time of occurrence after beginning of move­
ment of valves. 
Valve opening schedule II and 2-min valve time were used. 
Six-barge tow (5410 tons displacement at 9-ft draft) positioned 327 ft downstream 

from upper miter gate pintles. 



Table 15 

Details of Culvert Arrgement Types 41-26 1 Jones Bluff Lock 

Culvert Stations of �orts in Culverts fiercent of Lock Chamber 
Arrange- !!Estream Oro� Downstream GrouE 

ment Port No. of Upstream Downstream Upstream 
TYJ)e � � Port Port Port 

41 A 7 152.5 236.'.> 40<).5 
42 A 7 166.5 250.5 395.5 

43 A 7 138.5 222.5 423.5 
44 A 7 124.5 208.5 437.5 

45 A 7 110.5 194.5 451.5 
46 D 14 110.5 292.5 353.5 

47 D 14 96.5 278.5 367.5 

48 D 14 82.5 264.5 381.5 
49 D 14 68.5 250.5 395.5 
50 D 14 54.5 236.5 409.5 
51 E 10 152.5 278.5 367.5 
51 r,; 10 138.5 264.5 381.5 
53 E 10 12/i,5 250.5 3'J5. 5 

54 E 10 110.5 236.5 409.5 
55 E 10 ')6. 5 222.'., 423.5 
56 E 10 82.5 2o8.) 437.5 

Note: The typP. A port i:i 1.:2'., 1't wi.,le by 4.o rt, !tie!,. 
The t,vpe D port, is 1.25 ft wic.lc by 2.0 t't liii,h. 
The type E port is 1.;J� 1't high by 2. 8 ft. lt leh. 
All ports are spaced 14 ft on centerc. 
The lock chamber is 84 ft wide by &55 ft lune. 

Downstream 
Port 

493.5 
479.5 
507.5 

521.5 

535.5 

53'.,. 5 
549.5 

r,63.5 
')77.5 

591.5 
493.5 

'.)07.'.i 
J21.) 

'..>3'..>.) 

'.,4<).5 

•j63. 5

!!Estream 
Without With 

Ports � 

23.3 12.8 

25.4 12.8 

21.l 12.8 

19.0 12.8 

1(,.9 12.8 

16.9 27.8 

14.7 27.8 

12.6 27.8 

10.5 27.8 

8.3 27.8 

23.3 19.2 

21.l 19.2 

19.0 19.2 

16.9 19.2 

llf.7 19.2 

12.6 19.2 

The stations in feet are measured from the upstream miter cate pintlen. 
'!'he port-to-culv�rt area ratio = 0.91. 

Center Downstream 
Without With Without 
� � � 

26.4 12.8 24.7 

22.l 12.8 26.9 

30.6 12.8 22.7 

34.9 12.8 20.5 

39.1 12.8 18.4 

9.1 27.8 18. lf

13.4 27.8 16.3
17.7 27.8 14.l

21.9 27.8 12.0
26.3 27.8 9.8 

13.6 19.2 24.7

1'7,7 19.2 f:2. 7

22.1 19.2 20.5

26.3 19.2 18.4

30.6 19.2 16.3

34.9 19.2 14.l



Table 16 

Filli� Characteristics
2 

'.!iil!es 41-56 Culvert Arr�ements 

Jones Bluf'f Lock 
Upper Pool El 77,0 and Lower Pool El 32.0 

Maximum Hawser Stresses 
Culvert Lo�itudinal U�stream Transverse Downstream Transverse 
Arrange- Filling U�stream Downstream Left Ri�ht Left Ri�ht 

ment Time Pull Time Pull Time Pull Time Pull Time Pull Time Pull Time 
•rype min tons min tons min tons min tons min tons min tons min 

41 10.8 3.8 1.9 1.6 5.6 1.13 2.3 o.8 2.6 1.5 2.9 1.5 3.6

42 10.8 4.3 3.3 2.3 4.8 1.2 2.1 2.0 2.0 2.3 2.1 1.8 3.1 

43 10.8 3.9 1.9 1.3 0.7 1.6 2.1 1.5 2.2 2.3 2.1 2.3 2.0 

44 10.8 4.1 1.9 1.6 4.4 1.4 1.6 1.3 2.0 1.8 1.6 1.6 5.2 

45 10.8 4.5 1.8 1.6 4.4 2.1 2.5 2.3 2.4 2.3 2.3 2.0 1.9 

46 10.8 4.5 1.3 2.7 5.6 o.13 3.0 1.2 3.1 1.6 2.7 1.4 2.9

47 10.8 5.8 3.3 2.7 7.4 1.6 5.1 1.4 5.2 2.3 5.2 1.8 5.1 

48 10.13 5.3 1.8 2.3 4.1 1.4 2.9 1.4 3.0 1.4 2.3 1.4 3.3 

49 10.8 4.9 5.7 3.1 5.5 1.0 3.6 1.4 3.3 1.6 3.2 1.2 3.7 

50 10.8 5.3 1.8 3.1 5.5 1.6 3.0 1.2 1.8 1.6 3.2 1.0 2.4 

51 10.8 5.1 4.1 3.1 3.5 2.0 2.2 1.13 2.1 2.1 2.2 2.1 2.3 

52 10.8 3.9 1.9 1.8 5.1 1.5 3.5 1.6 3.2 1.8 3.3 1.6 3.4 

53 10.8 3.5 1.9 1.8 0.3 1.2 2.5 1.0 5.0 1.4 2.4 1.4 1.8 

54 10.8 3.8 1.9 1.4 0.3 1.2 1.7 0.9 2.9 Llf 1.8 o.8 2.6

55 10.8 4.9 1.7 2.4 5.1 1.4 3.1 2.0 3.0 1.5 2.9 2.0 3.0

56 10.8 6.2 2.6 3.0 3,7 1.2 2.6 1.6 2.1 1.7 2.2 2.1 3.0 

Note: Six-barge tow (5410-ton displacement at 9-ft draft) positioned 327 ft downstream 
from the upper miter gate pintles. 
Time listed under hawser stresaes is time of occurrence after beginning of move­

ment of valves. 
Valve opening schedule II and 2-min valve time were used. 
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'l'ablc 1B 

Filli� CharacteriGtic:: for Ha�c of Q,Eeration Conc.litions 
T;Q;?e 41 (Rcennvnendcd) Culvert Arra�emcnt 

Jonec Uluff Lock 

Maximum llawscr Stresses 
Lo�itudinal �stream Transverse Downstream Transverse 

Lower Upper Valve Filling UJ:!stream Downstream Left Ri�ht Left Ri�ht 
Head Pool Pool •rime Time Pull 'l'imc Pull Time Pull 'l'ime Pull ·rime Pull 'rime Pull Time 
...lL � _£1_ ..!!!!!L --2!!!!:L.. � min � !!'.!!!... tone min tun::; !:!!!!... ton:: !!'.!!!... � min 

Submeri,cnce 14 ft 

G9 32.0 101.0 l 12.8 6.2 1.0 3.1 3.0 3.8 1.5 2.1 1.0 3-'.i 1.4 2.1 1.3 
2 13.4 5.3 1.9 2.C 1,.11 2.0 2.0 2.6 1.8 2.6 l.8 2.0 1.6
4 14.3 4.o 4.o 2.1 3.9 1. 11 3.6 1.1 4.1 2.0 4.o 1.6 3.9
8 16.3 3.1 '(.0 l.'/ 'l .2 o.H 7,1 o.8 4.9 1.1 7,3 1.2 7.2

58 32.0 90.0 1 11.6 5.9 2.1 2.7 0.2 2.7 1.1 2.8 1.3 3.1 1.2 2.6 1.7 
2 12.l 5.1 1.9 1.7 0.3 3. 11 2.2 1.9 1.9 2.9 2.0 2.3 2.1 
4 13.1 3 ,, .� 6.1 1.6 6.9 .l .B 3.B 1.5 3.6 2.1 3,7 1.5 6.3
8 15.1 2.8 G.8 1.6 G.7 l ,. 

•:.> 7.3 1.1 7,4 1.2 8.8 1.2 8.9 

48 32.0 80.o 1 10.4 4.9 1.0 2.1 0.2 1.8 l.l 1.2 1.8 1.9 1.4 1.9 2.7
2 10.9 4.1 1.8 l.4 0.3 1.8 2 ,, -� 1.7 2.3 2.0 2.6 1.4 1.5 
4 11.9 3.1 5.1 1.6 '.i,9 1.5 2.H 0.9 3.0 2.0 4.1 1.2 11.0 
8 13.9 2.5 G.3 1.5 12.l 1.1 '/,1 o.6 8.2 1.2 6.3 1.11 6.8

38 32.0 70.0 l 9,3 3.7 1.4 2.9 5.0 2.3 1.6 2.0 1.8 2.3 1.8 2.1 1.7 
2 9.H 3.5 1.9 1.6 1.3 U3 2.9 l.G 2.8 Lo 3.0 1.6 2.9 
4 10.9 3.1 4.o 1.6 6.5 1.2 3,3 1.2 2.7 1.2 5,0 1.0 2.6
8 12.9 2.1 V.2 1.4 10.5 1.0 8.2 1.0 8.1 1.2 8.2 1.2 8.6 

Sul>mcrt;:;�ncc 17 ft 

58 35.0 93,0 l 11.4 6.2 i. ·r 3.1 6,11 1.G L.6 2.0 1.8 2,7 1.6 2.3 1.7
2 11.9 4.7 2.5 2.6 6.1 1.4 Lo 1.G 4.4 1.8 1.8 1.4 4.5
4 12.9 4.2 11.0 1.7 4.2 1.n 4.8 J.2 3,5 1.6 3.4 1.2 3,3
8 15.0 3.1 7.3 1.G 7.6 0.-3 7,4 0.9 7.5 1. l 5.0 o.8 10.0

48 35.0 83.0 l 10.4 5.1 l.'/ 2.3 o.6 1.8 1.1 1.4 1.3 1.5 1.2 1.6 1.1 
2 10.9 3.G LB l,(, 0.7 1.2 1.8 1.0 3.11 1.0 3.6 1.3 3-'.i 
4 11.9 3.0 3.4 J..11 6.1. J.2 5.5 1.1 4.8 1.2 5.0 l ,. 

•:.> '.i-5 
8 13.8 2.1 10.2 1.5 10.5 0.9 u.O 0.7 9.1 o.8 8.3 1.1 6.8

38 35.0 73.0 l 9.1 4.o 1.3 l. '/ 0.7 1.4 1.9 1.1 1.8 1.3 1.7 1.3 1.8
2 9.G 2.9 2.2 l ., -� 0.3 1.3 2.1 0.9 2.2 2.0 2.1 1.3 2.0 
4 10.6 3.0 4.8 O.'.) l>.2 0.7 4.2 0.8 5.0 o.8 4.5 o.S 4.7
8 12.6 1.9 7 ,'( 0.7 0.4 o.G 7.2 0 ,. 

•:.> 5.1 0.7 5.3 0.7 7,4 

Submeri.;encc 20 1't 

58 38.0 96.o 1 11.5 5.0 1.3 2.0 0.2 i.e 1.0 L.4 1.G 1.8 1.0 1.5 l.7
2 12.0 4.2 2.4 2.0 9,7 1.2 1.6 1.8 2.6 1.2 2.5 1.6 2.6 
4 13.1 3.2 7.1 1.9 6.5 1.1 8,., .� 0.9 3.8 1.3 4.1 1.1 3.9 
8 15.1 2.9 6.5 l.'/ G " n. ·r 5.4 0.9 7,1 1.1 6.3 1.1 7.7 

48 38.0 86.o 1 10.4 4.8 1.3 2.1 0.2 l.2 1.6 1.6 1.8 1.0 1.3 1.8 1.7 
2 10.9 3.9 2.1 �) .. 

�-:.> (;.\) l.l 2.1 1.1 4.9 l.2 4.5 2.0 4.6 
11.9 3.4 3.8 2.3 5.3 0.9 3.9 1.4 4.7 1.3 3.5 1.4 5.3 
13.8 2.1 7,8 1.3 9.5 ().9 5.6 1.0 5. '/ 0.9 5.1 1.3 5.0

38 38.0 76.0 l 9,3 4.o 1.2 2.:-> 11.U 1.2 3.8 1.4 2,7 1.4 1.4 1.6 2.8
2 9.8 3,3 2.0 1.5 5.1 i;_g 1.8 0.9 1.9 l.l 3.5 1.3 3.0 
4 10.9 3.1 4.1 l ., 9.3 o.n '(,6 1.1 4.7 0.9 3.8 0.9 4.8 
H 12.9 2.3 ll.5 l.'/ 8.H 0.9 ll. 11 0.5 6.5 0,7 6.8 0.9 10.0

Note: 'l'ime listed under hawaer stresaes ic time of rn.:currcnce after becinnine of movement pf valvea. 
Valve openine schedule II wa:: uscu. 
Six-barse tow positioned 327 ft below up::trcam miter catc pintJ.ec ( 51110 tnnr. dicplaccmcnt). 



'fable 19 

�tli!!!l. Characteri:::tics for R�e of 2J2eration Conditions 
'.!:ll!e 41 ! Rcconunendedl Culvert Arr�ement 

Jones Bluff Lock 

Maxriiium Raw�er Stresses 
Lo�itudinal U�stream Transverse Downstream Transverse 

Lower Upper Valve Emptying Upstream Downstream tel't Ri�ht Left Ri!iiht 
Head Pool Pool Time Time Pull 'fime Pull Time Pull Time Pull Time Pull Time Pull 
� _g_ 2L ..!!!ill.. min � !!!!!L � !!!!!L tons !!!!!L � !!!!!L tons !!!!!L �

Submer�cnce 14 ft 

58 32.0 90.0 1 14.9 2.3 0.7 1.8 1.6 1.5 3.5 1.5 3.4 1.4 3.4 1.5 
2 15.4 1.6 6.5 1.8 6.7 1.3 3.6 1.2 3.9 0.9 3.8 1.2 
4 16.4 1.6 0.9 1.9 1.0 1.3 4.9 1.2 5.9 1.1 4.8 0.9 
8 18.4 1.7 2.2 1.6 2.1 1.1 3.1 0.7 3.0 1.1 2.4 1.2 

48 32.0 ao.o 1 13.6 1.9 0.5 1.6 o.6 0.9 2.0 0.9 2.1 0.9 3.6 1.2
2 14.1 2.0 2.0 1.G 1.9 1.0 2.6 0.9 2.2 0.9 2.7 1.4 
l1 15.0 1.6 2.8 1.6 6.3 0.7 1.6 o.8 1.7 0.9 3.2 o.8
8 17.1 2.0 5.0 1.5 4.9 0.9 6.6 o.8 5.7 1.1 4.2 1.2

38 32.0 70.0 l 11.8 2.3 5.6 2.3 5.7 o.8 4.7 0.8 4.8 0.8 4.8 o.8
2 12.4 2.3 2.3 2.1 2.4 1.2 2.6 o.8 2.8 1.0 1.3 1.2 
4 13.4 1.8 3.9 1.6 3.0 1.2 7.2 o.8 7.4 1.0 2.7 1.0
8 15.4 2.0 8.o 1.8 9.4 1.0 5.9 1.0 9.0 1.2 6.2 1.0

Submer�ence 17 ft 

58 35.0 93.0 l 15.1 2.3 8.1 2.6 1.3 1.2 2.7 1.2 2.6 1.3 8.3 1.2 
2 15.5 2.1 2.4 2.2 9.8 1.4 2.4 1.6 2.6 1.2 2.9 1.3 
4 16.5 2. c� 2.1 1.9 2.0 1.6 5.0 1.2 4.9 1.4 4.7 1.0 
8 18.5 2.0 8.7 2.0 8.8 1.4 3.9 1.2 5.4 2.0 6.o 1.6

48 35.0 83.0 l 13.6 2.7 1.8 3.0 1.9 1.3 0.9 1.0 1.2 1.3 6.8 1.2 
2 14.o 2.6 2.2 2.6 1.3 1.6 1.5 1.2 1.6 1.5 1.5 1.3 
4 15.0 2.7 2.8 2.2 2.9 1.3 G.9 1.2 7.0 1.5 6.9 1.4
8 17.l 2.0 ·r.2 1.8 7.9 1.2 2.h l..O 2.5 1.1 2.5 1.0 

38 35.0 73.0 l 11.9 3.0 0.8 2.3 1.2 1.2 1.2 1.3 4.5 1.4 4.7 1.4 
2 12.5 2.1 6.8 1.7 4.3 1.0 1.1 1.1 9.4 1.2 1.2 1.0 
4 13.6 l.6 7.8 1.6 3.2 1.0 2.4 1.1 7.2 1.2 1.5 0.9
8 15.4 1.6 3.2 1.4 3.3 1.1 11.6 o.8 6.o 1.4 5.7 0.9

Submcr�encc 20 ft 

58 38.0 96.0 l 15.0 2.3 2.1 2.0 2.0 0.8 l.O 1.0 1.3 0.9 2.4 0.9 
2 15.G 2.() 8.2 1.8 8.3 0.7 1.1 1.1 3.1 1.0 3.2 1.1 
4 16.11 2.1 1.6 2.0 1.7 1.1 2.1 1.1 2.2 0.9 2.3 1.1 
8 18.4 2.0 3.0 1.7 4.7 1.1 2.5 0.9 2.4 1.2 2.4 0.9 

48 38.0 86.o l 13.G 2.0 6.8 2.0 G.7 0.9 2.0 0.9 5.7 o.8 1.8 1.0
2 14.l 1.9 8.2 1.8 6.9 0.9 2.8 0.7 6.2 0.7 7.3 0.8 
4 15.1 1.6 12.2 1.6 12.l 0.7 3.6 0.8 6.2 o.8 3.9 0.8
8 17.l 1.G 1.5 1.3 1.11 o.8 6.3 0.9 6.6 1.1 6.o 1.0

38 38.0 76.0 l 12.l 2.0 6.2 2.0 6.6 0.7 6.1 0.7 9.7 0.9 3.6 0.8 
2 12.G 1.7 2.1 1.6 1.0 o.6 6.5 o.8 1.2 1.0 7.1 o.8
4 13.6 2.0 3.2 1.8 3.3 o.·r 2.0 o.6 7.7 0.8 lL l o.s

15.6 2.0 7.3 1.8 7.2 J .r 7.7 0.7 2.9 1.8 ·r.6 1.2 

Note: 'fime listed under hawr. ... r strcs:::es i1; time of occurrence after bcginnine of movement of valves. 
Valve openine schedule II wa:; usct.l. 
:.ax-barge tow positioned 327 ft l.>cluw upstream miter gate: pintlcs (5410 tons displacement). 

Time 
!!!!!!... 

3.2 
3.9 
4.9 
2.5 

o.6
2.2
1.8
4.1 

4.9 
1.2 
7.3 
6.o

7.4 
2.2 

4.8 
5.9 

7.4 
1.6 
7.1 
2.6 

4.6 
4.8 
7.7 
6.1 

7.0 
2.7 
4.o
2.5 

6.2 
1.9 
7.1 
5.6 

3.5 
5.9 
3.6 
8.1 



Table 20 

Effect of Single-Valve Operation on Filli!!fii Characteristics 

Type 41 (Recommended) Culvert Arrangement 

Jones Bluff Lock 

Distance Between Maximum Hawser Stresses 
Tow and Upstream Lo�itudinal Upstream Transverse Downstream Transverse 

Miter Gate Valve Filling u;estream Downstream Left Ri�ht Left Right 
No. of Pintles 'I'L111e Time Pull Time Pull Time Pull Time Pull Time Pull 
Barges ft min min tons min tons min tons min tons min tons 

-- -- -- -- -- --

45-ft Head
2 

14-ft Submergence

12 47 1 18.2 7.4 2.2 6.1 3.4 1.6 2.8 3.5 1.4 2.0 
( ll,305 tons) 2 18.6 6.3 4.3 4.6 3.6 1.8 2.4 2.7 2.5 1.6 

4 19.7 5.4 4.8 3.7 4.9 1.1 4.6 2.0 4.9 1.4 
8 21.8 4.8 9.1 3.8 9.9 1.2 8.8 1.8 8.6 1.6 

69-ft Head
2 

14-ft Submergence

12 47 1 21.8 7 .6 1.3 6.6 6.8 1.0 4.2 2.4 0.9 2.9 
( ll,305 tons) 2 22.4 6.4 3.0 5.3 3.3 1.2 4.9 2.4 2.9 2.0 

4 23.4 4.8 7.6 4.2 7.4 0.8 4.8 2.0 3.8 2.3 
8 25.4 4.5 7,4 3.9 7.2 0.8 9.5 1.1 7.1 1.1 

6 327 1 21.8 6.4 1.1 3.9 7.9 1.8 1.6 2.5 1.5 2.6 
( 5410 tons) 2 22.4 4.7 3.6 3.1 3.7 1.7 4.2 1.8 2.2 1.9 

4 23.4 4.6 4.8 3.0 5.7 2.1 3.6 2.0 3.7 2.0 
8 25.4 3.9 7.3 3.2 10.4 1.0 8.3 o.8 7.5 1.2

Note: Time listed under hawser stressC:s is time of occurrence after beginning of movement of valve. 
Valve schedule II was used. 
The land-wall valves remained cle,sed during both filling and er.iptying. 

Time Pull 
min tons 
-- --

2.3 2.3 
3.2 3.0 
5.0 1.6 
7.1 1.3 

1.9 2.1 
3.0 2.9 
4.4 2.3 
7,4 1.6 

1.5 2.0 
4.1 1.9 
3.9 1.6 
8.4 1.3 

At 69-ft head, lock empties in 28.5 min using a 1-min valve with hawser stresses not exceeding 2,5 tons. 
At 45-ft head, emptying hawser stresses did not exceed 1. 5 tons • 

••· 

Time 
min 
--

2.9 
2.5 
5.6 
9.8 

2.8 
2.9 
4.5 
6.2 

1.6 
2.4 
3.5 
7. 2



Table 21 

Average Piezometer Readings During Filling Operation, 1'ype 41 (Recommended) Culvert Arran,:;ement, Jones Bluff Lock 

Initial Heaj 45.0 ft (Upper Pool El 77.0 anj Lower Pool El 32.0) 

Piezometer Cocations Average Piezometer Rending, in Prototype Eievation 
Piez T" = 0 T = 30 T = 60 T = 90 T = 120 1· = 150 T = mo T = 210 T = 240 T = 270 T • 300 T = 330 T = 3b0 T = 390 T = 420 T = 450 T = 510 T = 570 T = 630 T = 690 T = 750 
Ho. Station El LC*' = 32.0 LC= 32.1 LC = 33. l LC = 35.2 LC = 39.0 LC = 43.0 LC= 46.4 LC =  49.7 LC = 52.2 LC= 56.l LC= ?9-1 LC = 61. 7 LC= 64.2 LC= 66.7 LC= 68.3 LC = 70.0 LC= 73.1 LC = 75.0 LC= 76.0 LC= 76.5 LC= 77.1 

Intake Piezometer Group A 

1 0+54B 25.0 77.0 76.9 ·r6. 3 75.0 "(3.4 '/4.0 "(4.2 74.3 74.8 75.0 75.4 75.5 75.9 76.1 76.2 76.3 76. 7 76.9 76.9 77.0 77.0 
2 0•54B 25.0 T(.0 76.3 74.c ·10.1 64.9 66.8 67.5 68.1 69.2 70.1 71.5 ·12.1 73.0 73.7 74.0 74.9 75.8 76.4 76.8 76.9 77.0 
3 0>J4. 5s 25.0 T(.O ·16.1 74.6 09.� 63. 7 64.8 65.6 67.0 68.1 69.8 70.9 ·r1.5 72.3 ·13.5 73.5 74.5 75.8 76.4 76.7 76.9 77.0 
4 0+15A 22.5 77.0 ·16.0 73.9 ,:,7.5 60.1 .:.2.0 63.2 64.4 66.0 67.7 69.1 70.0 "(1.3 72.4 "(3.0 73.9 75.3 76.2 76.5 76.9 77.0 
5 0+34.5B 25.0 T(.O 76.9 76.4 ·r5.o 73.4 73.8 74.1 "(4. 3 74.7 75.0 75.3 ·15. 5 75.9 76.1 76.2 76.3 76.7 76.9 76.9 77.0 77.0 
6 0•15A 22.5 77.0 76.6 74.� €9.0 61.5 62.3 64.0 65.3 66.1 67.9 69.2 70.7 71.4 73.0 "(3.2 '(4.0 75.4 76.4 76.4 76,9 77.1 

Filling-Valve Piezometer Group B 

1 0+85A 24.0 77.0 76.6 72.5 62.7 48.9 50.4 53. 3 56.8 58.2 60.6 63.3 65.7 67.0 69.5 70.5 72.0 '74. l 75.9 76.5 no 77.2 
2 0>88A 14.0 77.0 76.C 72.1, 62.8 49.7 51.0 53.9 57.1 58.7 61.0 63.7 65.9 67.1 69.6 70.5 72.0 "(4.1 75.9 76.4 76.9 77.1 
3 1+08A 14.0 32.0 60.0 62. 3 52.2 48.5 50.5 53.2 56.8 58.3 6o.6 63.4 65.8 67.0 69.4 70. 5 ·12.0 74.0 ·r5.8 76.3 76.7 77.0 
4 l+lOA 14.0 32.0 32.8 50.7 47. 3 48.3 50.4 53.0 56.7 58.1 60.4 63.2 65.7 67.0 69.3 70.5 72.0 74.o 75.8 76.3 76.8 77.1 
5 1+12A 14.0 32.0 23.6 34. 7 40.6 48.o 50.0 52.8 56.3 58.0 60.2 63.1 65.5 66.9 69.1 70.5 72.0 73.9 75.4 "(6. l 76.5 77.0 
6 l+l4A 14.0 32.0 27.9 25.6 33.8 47.9 49.8 52.5 56.1 57.8 60.0 63.0 65.4 fi6.8 69.1 70.5 ·r2.o 74.0 75.8 76.3 76.9 77.1 
7 l+l4A 24.0 32.0 25.9 19.9 17.9 47.2 48.8 51.1, 55.4 ,1.1 '.,\/. l 62.5 64.9 66.4 68.8 70.4 71.7 73.9 75.7 76.2 76.9 77.0 
8 1+16A 14.0 32.0 27.7 23.0 21:U! 47.e 49.6 52.2 56.0 57.7 59.9 62.9 65.2 66.7 69.0 70.4 71.7 74.0 75.7 76.2 76.9 77.0 
9 l+l8A 14.0 32.0 27.3 22.1 25.3 47.7 49.4 52.1 55.9 57.6 59.8 62.8 65.2 66. 7 69.0 70.4 71.7 74.o 75.7 76.2 76.9 77.1 

10 1+20A 14.0 32.0 26.7 21.1 22.9 47.3 49.0 51.9 55.7 57.3 59.5 62.7 65.0 66.6 68.9 70.4 71.5 74.0 75.7 76. l 76.9 77.0 
11 l+l9A 24.0 32.0 25.7 20.2 19.4 48.1 49.7 52.1 56.0 57.8 59.7 62.9 65.4 66.8 69.0 70.6 71.8 74.0 75.8 76. l 77.0 77.1 
12 l+22A 14.0 32.0 27.0 21.9 23.0 47.3 49.1 51.9 55.8 57.4 59.6 62.7 65.0 66.5 68.9 70.5 71.5 73.9 75.7 ·76.0 76.8 77.0 
13 1+24A 14.0 32.0 26.8 21.1 22.4 46.9 49.0 51.8 55.7 57.2 59.1, 62.7 65.0 66.5 60.9 70.5 71.5 '(3.9 75.7 76. 1 76.9 77.1 
14 1+24A 24.0 32.0 26.2 21.8 20.9 47.0 49.1 51.8 55.8 57.2 59.4 62.e 65.0 66.5 68.9 70.5 71.7 74.0 75.7 76.1 76.9 77.1 
15 1+26A 14.0 32.0 26.0 20.7 21.9 46.4 48.3 51.4 55.1 56.9 59.1 62.3 64.9 66.3 6&.7 70.3 71.4 73.9 75.7 76.0 76.9 77.0 
16 1+28A 14.0 32.0 26.1 21.2 23.0 46.4 48.3 51.4 55.1 56.9 59.1 62.3 64.9 66.3 68.8 70.3 71.4 73.9 75.7 76.0 76.9 77.0 
17 1+30A 14.0 32.0 26.9 22.3 25.1 46.7 48.7 51.5 55. 3 57.0 59.2 62.1, 64.9 66.3 68.8 70.3 71.4 ·r3.9 75.6 76.0 76.9 77.0 
18 1+29A 24.0 32.0 27.1 22.2 24.6 46.9 48.8 51.5 55. 3 57.0 59.2 62.4 64.9 66.2 68.8 70.3 71.2 73.S 75.5 76.0 76.8 77.0 
19 1+32A 14.0 32.0 26.8 22.0 26.l 46.1 48.2 51.2 55.1 56.9 59.0 62. 3 64.9 66.2 68.8 70.3 71.2 73.8 75.5 76.0 76.8 77.0 
20 1+34A 14.0 32.0 27.3 22.9 27.9 46.o 48.1 51.1 55.0 56.t 59.0 62.2 64.7 66.1 68.7 70.3 71.2 73.8 75.5 76.0 76.8 77.1 
21 l+36A lh.O 32.0 27.9 23. 3 29.2 45.7 47.8 50.8 54.e 56.4 58.0 62.0 64. 3 66.o 68.4 '(0.2 71.l 73. 7 75.4 75.9 76.6 76.9 
22 1+38A 14.0 32.0 28.4 23.2 30. 7 45.0 47.2 50.4 54.2 56.0 58.4 61.8 64.2 65.9 68.3 70.2 71.1 73. 7 75.5 76.0 76.7 77.0 

Culvert Piezometer Group C 

1 1+82.5A 19.0 32.0 33.3 35.1 39. 7 43. 1 45.8 48.9 53.1 55.0 57.6 61.0 63.4 65.2 68.o 70.0 70.9 73.5 75.4 76.0 76.8 77.0 
3 2+32. 5A 19.0 32.0 33.1 35.1 38.7 41.7 44.2 47.7 52.0 54.0 56.� 60.5 62.0 64.e 67.7 69.8 70.7 73.5 75.4 76. 1 76.8 77.0 
5 2+82.5A 19.0 32.0 33.1 35.8 41.7 48.5 51.0 53.8 57.5 58.9 61.0 64.o 65.9 67.3 69.7 71.0 72.0 74.1 75,9 76.4 76.9 77.1 
7 3+32-5A 19.0 32.0 33.2 36. 7 45.2 56.0 56. 7 59.3 61.7 63. 7 64.2 66.3 6E.7 69.8 70.7 72.4 73.0 75.0 76.2 76.5 77.0 77.0 
9 3+82. 5A 19.0 32.0 33.3 36.6 46.1 57.9 58.9 60.5 63.1 64.8 65.1 68.2 69.2 70.7 72.0 73.6 73.6 75.1 76.5 76.8 77.0 77.1 

11 4+32. 5A 19.0 32.0 33.2 36.6 46.l 58.1 58.7 60.7 63.7 64.8 65.0 68.3 69.2 70.7 72.0 73.6 73.8 75.0 76.4 76. 1 77.0 77.2 
13 4+82.5A 19.0 32.0 33.2 36. l 45.0 57.9 58.1 60.6 64.o 64.5 65.0 68.0 69.1 70.6 72.0 73.4 73.4 74.9 76.4 76.6 76.9 77.0 

Longitudinal Floor Culvert 
Piezometer Group D 

Main 

l 3+15.0A 8.5 32.0 33.0 35.2 41.1 48.9 47.2 53.2 57.1 56.4 59.1 61.5 64.5 67.0 68.5 70.5 71.1 73.9 75.6 76.1 76.9 77.1 
2 3+31.0A 8.5 32.0 33.0 35.1 40.1 45.3 51.1 53.1 54.1 58.9 61.0 64.0 65.4 66.8 69.1 70.8 71.9 74.2 75.9 76.4 76.9 77.1 

Upstream 

1 3+08.25A 8.5 32.0 33.0 35.1 40.9 48.4 49.8 53.5 56.7 58.0 60.9 62.5 65.0 67.5 69.0 70.8 71.9 74. 1 76.0 76.5 no 77.1 
2 2+84.5A 8.5 32.0 32.9 34.2 38.2 43.1 45.7 49.6 52.7 54.8 58.0 60.8 63.1 65.9 67.9 69.3 71.0 73.6 75.7 76.4 no 77.1 
3 2+60.5A 8.5 32.0 32.8 34.1 37.8 42.6 45.5 49.1 52.3 54.8 58.0 60.8 63.1 65.8 67.9 69.3 71.0 73.8 75.7 76.3 76.9 77.1 
4 2+36.5A 8.5 32.0 32.8 34.1 38.2 43.8 46.8 50.0 53.1 55.5 58.8 61.4 63.7 66.1 68.l 69.6 71.2 73.9 75.8 76.3 77.0 77.1 
5 2+25-75A 8.5 32.0 32.8 34.2 38.6 44.8 47.7 50.9 54.1 56.1 59.1 61.9 64.0 66.6 68.5 69.8 71.2 74.0 75.8 76.4 77.0 77.1 
6 2+01. 75A 8.5 32.0 32.7 34.3 39.5 46.9 49.4 52.4 55.9 57.8 60.4 62.8 64.9 67.2 69.0 70.3 71.6 74.1 75.9 76.4 77.0 77.1 
7 1+77. 75A 8.5 32.0 32.7 34. 7 40.3 48.9 51.0 54.0 57.2 58.8 61.3 63.4 65.6 67.8 69.5 70.7 71.9 74.3 75.9 76.3 77.0 77.1 

1+53- 75A 8.5 32.0 32.7 34.8 1,0.8 49.8 57.6 54.5 58.0 59.2 61.8 63.7 65.9 67.9 69.5 70.9 71.9 74.2 75.9 76.3 76.9 77.0 

Downstream 

9 3+37-75A 8.5 32.0 33.0 35.1 39.9 46.o 49.2 52.3 54. 7 57.8 60.3 62.4 65.0 66.8 68.7 70.6 71.7 74.0 75.9 76.3 76.9 77.0 
10 3+61.50A 8.5 32.0 32.9 34. 3 38.3 43.0 47.0 49.9 52.3 56.0 58.9 61.5 63.8 65.9 68.o 69.6 71.0 73. 7 75.5 76.1 76.9 77.0 
11 3+85, 50A 8.5 32.0 32.8 34.0 37.9 42.7 46.3 49.5 52.2 55.5 58.4 61.0 63.3 65.8 67.7 69.3 71.0 73.6 75.4 76.1 76.8 77.0 
12 4+09.50A 8.5 32.0 32.7 34.o 38.0 43.2 47.0 50.1 52.9 56.0 58.9 61.5 63.8 66.0 68.o 69.6 71.1 73.8 75.4 76.1 76.8 77.0 
13 4+20.25A 8.5 32.0 32.5 34.0 38.0 43. 7 47.1 50.4 53.1 56.1 59.1 61.8 63.9 66.1 68.o 69.8 71.1 73.8 75.4 76.1 76.8 77.0 
14 4+44.25A 8.5 32.0 32.5 34. l 39.1 45.9 49.3 52.3 54.9 57.9 60.4 62.9 64.9 66.9 68.8 70.5 71.6 74.1 75.8 76.4 76.9 77.0 
15 4+68.25A 8.5 32.0 32.3 34.1 39.4 46.9 50.6 53.3 55.7 58.5 61.0 63.5 65.4 67.2 69.0 70.7 71.9 74.2 75.9 76.4 76.9 77.0 
16 4+92.25A 8.5 32.0 32.3 34.1 39.8 47.5 51.2 54.o 56.0 58.9 61.2 64.0 65.8 67.6 69.3 70.8 72.0 74.3 75.8 76.2 76.9 77.1 

Note: Elevations are in feet referred to mean oea level. 
2-min-valve sehedule I fills lock in 10.8 min.

* 

Bulkhead slots below filling valves closed. 
Tis time (in prototype seconds) after begiMing of filling operation. 

** LC is elevation of water surface in lock chamber. 



Table 22 

Average Piezometer Readings During Emptying Operations, Type 41 (Recommended) Culvert Arrangement, Jones Bluff Lock 

Piezometer Locations 
Piez T* = 0 T = 30 T = 60 
No. Station El LC**= 77.0 LC= 76.8 LC= 75 -5 

Culvert Piezometer Group C 

2 2+07,5A 19 .0 77.0 75.7 72 .7 
4 2+57,5A 19 .0 77.0 75.7 72 .7 
6 3+07,5A 19 .0 77.0 75 .8 72 .7 
8 3+57,5A 19 .0 77.0 75 .3 70 .6 

10 4+07,5A 19 .0 77.0 74 .9 68.8 
12 4+57. 5A 19.0 77.0 75 .0 68 .o 
14 5+07,5A 19 .0 77 .0 74 .9 66.5 

Emptying-Valve Piezometer Group E 

1 5+41A 24.o 77.0 74 .9 66.1 
2 5+44A 14.o 77.0 74.9 66.2 
3 5+49A 14.o 77 .0 74.7 66 .3 
4 5+59A 14.o 77.0 73 .0 62 .9 
5 5+63. 5A 14 .o 31.6 53 .7 55 .1 
6 5+67. 5A 14.o 31.4 26 .6 29.3 
7 5+73. 5A 24 .o 32 .0 29 . 3 29.1 
8 5+75,5A 14.o 31.4 25.2 20 .8 
9 5+79. 5A 14.o 31.5 26.0 22 .6 

10 5+83. 5A 14.o 31.5 26.1 23 .5 
11 5+87,5A 14.0 31.8 27 .3 25 .0 
12 5+88.5A 24.o 31.6 28 .4 27 .0 
13 5+91.5A 14 .o 31.8 27.6 25.2 

Outlet Piezometer Group F 

1 7+06A 5.0 32.0 32 .6 33 .5 
2 6+98A 5.0 32 .0 32.1 31.7 
3 7+23A 5.0 32.0 33 .3 34.2 
4 7+23A 5.0 32.0 33.2 33 .9 
5 7+23A 5.0 32.0 32 .2 31.9 

Note: Elevations are in feet referred to mean sea level. 
2-min-valve schedule I empties lock in 13 .6 min. 
Bulkhead slots below filling valves closed. 

T = 90 T = 120 
LC= 73 .6 LC = 71.0 

67.0 59 .3 
66 .9 59 .2 
66 .9 59.7 
61.9 50 .0 
57.9 43.2 
56.3 41.8 
53 .6 38 .8 

53.0 37.0 
53.1 37 .7 
53.0 37.3 
49.3 36 .3 
45 .3 36 .7 
35.4 36.0 
29.4 33.8 
21.4 35.8 
20 .9 36.0 
20 . 3 35 .8 
20 .8 35 .8 
26 .4 33 .6 
25 .1 35 . 3 

24 .1 33 .5 
29 .1 28.0 
34.5 36 .8 
33.3 35.1 
30.2 31.7 

* Tis time (in prototype seconds) after beginning of emptying operation. 
** LC is elevation of water surface in lock chamber . 

T = 150 
LC= 67.8 

56 .0 
55 .9 
55 .8 
46.6 
39.8 
38.4 
35 .5 

34.o 
34.8 
34 .5 
33 .9 
34 .2 
33 .8 
33 .0 
33 .0 
33 .0 
33 .0 
33 .0 
32.0 
32 .9 

32 .0 
29 .0 
33.9 
32.6 
28.0 

Initial Head 45.0 ft (Upper Pool El 77.0 and Lower Pool El 32 .0) 

Average Piezometer Reading, in Prototype Elevation 
T = 180 T = 210 T::, 240 T = 270 T = 300 T = 360 T = 420 T = 480 T = 540 

LC= 64 .8 LC = 61.9 LC= 59 ,3 LC= 56.9 LC= 54 .4 LC= 50.0 LC= 46.1 LC= 42.4 LC= 39-5 

54.o 51.9 50.0 48 .7 47.0 45.1 43.9 42.6 41.1 
54.o 51.9 50 .0 48 .7 47 .0 45 .1 43.8 42.5 40.0 
54.o 52 .0 50.0 48.7 47.0 45 .1 43 .8 42.4 40.0 
45 .2 43 .9 42 .8 42 .1 41.1 40.0 39 .0 38. 3 37.4 
39.0 38.2 37.5 37.8 37.0 36.2 35.7 35.2 34.9 
37.8 37.2 36.6 36.9 36.2 35 .8 35 .1 34.9 34.7 
35 .4 34 .8 34.6 35.0 34 .8 34.3 33 .9 33 .9 33.5 

34 .o 33.6 33 . 3 34.o 33 .8 33 .7 33 .1 33.1 33.0 
34 .8 34.1 33 .8 34 .4 34.1 34.0 33.6 33.6 33.1 
34 .5 33 .9 33 .7 34 .2 34 .0 33.9 33.4 33.4 33.0 
33.9 33 .3 33 .2 33 .8 33.7 33 .5 33.0 33.1 32.8 
34.1 33 .8 33 .5 34.0 33.9 33 .8 33.3 33 . 3 32.9 
33 .8 33 .1 33 .0 33 .8 33 .5 33.4 33.0 33 .1 32 .8 
33.0 32 .9 33.0 33.1 33.0 33.0 33.0 33.0 32.9 
33.0 32 .5 32. 5 33 .1 33.0 33.0 32.8 32 .9 32.4 
33.0 32 .5 32.5 33 .1 33 .0 33.0 32.8 32 .9 32 .4 
32 .9 32 .4 32.4 33 .0 33.0 32 .9 32 .8 32 .9 32 .4 
32 .9 32 .4 32 .5 33 .1 33 .0 33.0 32.8 32 .9 32 .4 
32.0 31.7 31.7 32.3 32 .2 32 .1 31.9 32.0 31.9 
32.8 32.2 32 .4 33.0 33.0 32.9 32 .8 32.9 32 .4 

32.0 31.7 31.8 32 . 5 32 . 3 32.3 32.2 32 .4 32.0 
29.2 28 .9 29.9 30.8 30. 5 30 .9 30.8 31.0 31. O 
33.2 32 .2 32 .8 33 .1 33.0 32.9 32.8 32 .9 32.7 
31.8 30 .8 31.4 32 .0 32.0 32 .0 32.3 32 .2 32 .2 
28 .8 28 .1 29 .4 30 .0 30.1 30 .8 30.7 30 .9 30 .9 

T = 600 T = 660 T = 720 T = 780 T = 840 T = 900 
LC= 37.1 LC= 35,l LC= 33 .6 LC ·= 32 . 3 LC = 31. 6 LC = 31. 4 

40 .0 36 .0 33.4 32.0 31. 9 32.1 
40 .0 36.0 33. 3 32. 0 31.9 32.1 
40.0 36 .0 32.2 32.0 31. 8 32.1 
36.9 34 .7 32.8 32.0 31. 9 32. 1 
34.7 33 .3 32.2 31.9 31. 9 32. 0 
34 .2 33.2 32 .1 32 .0 31. 9 32 .0 
33.5 32 .8 32.0 32.0 31.9 32.0 

33.0 32 .7 32.0 31.9 31. 9 32. 0 
33.1 32.8 32.0 31.9 31. 9 32. 0 
33.0 32.7 32 .0 31.9 31. 9 32.0 
32.8 32.6 32.0 31.9 31. 9 32.0 
32.9 32.7 32.0 31.9 31.9 32. 0 
32.8 32.4 32.0 31.9 31.9 32. 0 
32.9 32.8 32.7 32 .6 32. 6 32. 6 
32.5 32.1 31.9 31.9 31.9 32. 0 
32 .6 32.1 31.9 31.9 31.9 32. 0 
32.5 32.1 31.9 31.9 31.9 32. 0 
32.6 32.1 31.9 31.9 31.9 32.0 
31.8 31.5 31.2 31.2 31.1 31.2 
32 .5 32.1 31.9 31.9 31.9 32. 0 

32.1 32.0 31.9 31.9 31.9 32 .0 
31.2 31.7 31.9 31.9 32. 0 32. 0 
32 .6 32 .2 32 .0 31.9 31.9 32. 0 
32.0 32.0 31.9 31.9 31.9 32 .0 
31.0 31.6 31. 8 31.9 32 .0 32. 0 



a. Flow pattern 4. 5 min a f t er beginning of f illing operation 

b. Flow pattern 6 . 5 min after beginning of filling operation 

Photograph 1 . Flow pattern above culvert intakes during filling operation 
with upper pool at elevation 70 . 0 
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Photograph 2. Surface currents during filling operation with type 1 
(original) culvert arrangement; 4-min valve time (sheet 1 of 2) 



Photograph 2 ( sheet 2 of 2 ) 



a . Before f illing started b . 2 min after f i lli ng started c . 4 min after filling started 

Photograph 3 . Surface currents during filling operation with tYJ)e 23 culvert arrangement; 
2-min valve time (sheet 1 of 2) 



d . 6 min after filling started e . 8 min after filling started f. 10 min after filling started 

Photograph 3 ( sheet 2 of 2 ) 



a . Before filling started b . 2 min after filling started c. 4 min after filling started 

Photograph 4. Surface currents during filling operation with type 41 culvert arrangement ; 
2-min valve time (sheet 1 of 2) 
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d . 6 mi n after f i lling started e . 8 min after filling started f . 10 min after f i lling started 

Photograph 4 (sheet 2 of 2) 



a. Before filling started b. 2 min after filling started c . 4 min after filling started 

Photograph 5. Surface currents dur ing filling operation with type 53 culvert arrangement; 
2- min valve time (sheet 1 of 2) 
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d . 6 min after filling started e . 8 mi n after filling started f . 10 min after filling started 

Photograph 5 ( sheet 2 of 2 ) 
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10 

\II 

12 

a: 
w� 
j 

8�"'< .J 
•il��
,n� -
+., a. '° z w 
< i !i 
�0" 

NUMBER OF BARGES DISPLACEMENT IN TON! 
IN TOW 9-FT DRAFT 12-FT DRAFT 

3 2,70$ 3,611 

6 5,410 7222 

9 8,3� 11,151 
12 11,30e 15.1)85 

MILLERS FERRY LOCK 

TOW ARRANGEMENT 

AND BARGE DETAILS 

� 
' 

I, 
' 
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SCHEOi/LE II -

-0 
1/

// 
�

// 
� ,_ SCHEDULE I

V 

10 20 30 40 50 so 70 80 90 

NOTE: SCHEDULE J: USED ONLY IN TESTS 

OF TYPE I (ORIGINAL) CULVERT 

ARRANGEMENT. 

PLATE 4 

PERCENT OF VALVE OPENING TIME 

MILLERS FERRY LOCK 

VALVE OPENING 

SCHEDULES I AND II 

100 
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f 
©-·· 

CULVERT INTAKE 
ST RUCTURE 

;::: 

'.!5." /5:. 
• 6" 

STOP LOG RECESS 

GATE RF.CESS 

GATED.SPILLWAY 

EL 870 EL 870 

GALLERY 
<L. !OO -·-- EL 680 

CVMPACTEO FILL 

ASSUMED 
TOP OF ROCK 

NORMAL IJPPER POOL EL 800 ' • ' 

··-·- --- ··-· :{], 

M/ft LOWER POOL EL J;f'.! 

C.ALLERY 

EL680 

DUMPED' 
ROCK 

PLAN 

ELEVATION A-A, LAND WALL 

SCALE IN FEET 
50 100 

EL 870 

g g 
;::: ., 

?· IS'• fi.'.. 15'. ;o; - EL 590 
ELSOO 

EL400 

g 
g 

�;�8-----

ELEVATION C-C 

GATE RECESS 

10' X 10· Cl.IL VERr 

57 
I 25' 32' 

EL240 
EL 165 EL ISO 

ELSO .. ,, 
< < 

--r_� 
gg 
"' 0  

2� 

� 

LOWER GUIDE WALL 

f 
··-®

.- EL ,5: 
EL 5.0 

EL IJ.O 

Gu��O 

g 

'� 
CULVERT 
DISCHARGE 
STRUCTURE 

STOP LOG S•LI. 

DUMPED ROCK 

.... ..... SECTION D-0 
NOT TO SCALE 

MILLERS FERRY LOCK 

DETAILS OF 

LONGITUDINAL FLOOR CULVERT 
SCALE IN FEET 

t,,,OTE H tvATICN$ t,m .�. C'll:, 1 l·'t"°CAFIL� 

n-i \tEA.N H:. • f vr ... 
FILLING SYSTEM 



,, 
r 

� 
"' 

5• I---""- 'I 
55• 

I I 
55• 5· 

!1V�

...., 
4.7 5.2 4.7 4.7 5.2 3.9 

5.2 6.2 5.2 - 5.2 6.2 5.7 

4.7 6.2 5.2 - 5.2 6.2 6.6 

. ., 
6.2 6.2 5.7 ,- 5.7 u 7.3 

...., "' 
6.6 7.0 6.2 ,_ 6.2 7.0 7.7 

...., 
6.6 7.0 6.2 ,_ 6.2 7.0 8.0 

5.2 6.6 6.2 ,_ 5.7 6.6 8.0 

21· ..... 
EL 22.0 , __ 

LAND WALL CULVERT INTAKE RIVER WALL CULVERT INTAKE 
48 5 PERCENT OF TOTAL DISCHARGE 51.5 PE:RCE:NT OF TOTAL DISCHARGE 

VELOCITY DISTRIBUTION WITH UPPER POOL EL eo.o

TEST CONDITIONS UPPER VALVES OPEN FULL TOTAL DISCHARGE 6800 CFS 
LOWER VALVES CLOSED LOCK CHAMBER EL 48.8 

5.0 5.7 5.7 5.1 5.7 6.8 

5.4 6.5 6.2 5.6 6.8 7.2 

5.7 6.5 6.4 5.6 6.9 8.3 

5.7 6.8 6.8 5.9 7.2 8.4 

6.2 7.3 6.9 6.6 7.9 8.7 

6.8 7.6 6.8 6.7 8.2 8.7 

6.3 7.0 6.5 6.3 7.8 8,3 

.,.UPSTREAM DOWNSTREAM .., 

LAND WAL L CULVERT INTAKE RIV(R WALL CUL VERT INTAKE 
47.5 PERCENT OF TOTAL DISCHARGE 52.5 PERCENT OF TOTAL DISCHARGE 

VELOCITY DISTRIBUTION WITH UPPER POOL EL 80.0 

TEST CONDITIONS: UPPER VALVES OPEN FULL TOTAL DISCHARGE 7200 CFS 
LOWER VALVES CLOSED LOCK CHAMBER EL 40.0 

3.9 5.2 4.7 4.7 5.2 4.7 

4.7 5.2 5.2 5.2 5.2 5.7 

5.7 5.7 5.2 5.2 5.7 6.2 

5.7 6.2 5.2 5.2 6.2 6.6 

6.2 6.6 5.2 5.2 6.6 7.0 

6.6 6.6 5.7 5.7 6.6 7.0 

5.2 6.2 5.7 5.2 6 .2 7.0 

LAND WALL CULVERT INTAKE RIV(R WALL CULVERT INTAKE 
49.0 PERCENT OF TOTAL DISCHARGE: 51.0 PE:RCENT OF TOTAL DISCHARGE 

VELOCITY DISTRIBUTION WITH UPPER POOL EL 70.0 

TEST CONDITIONS: UPPER VALVES OPE N FULL TOTAL DISCHARGE SSOO CFS 

NOTE: 

LOWER VALVES CLOSED LOCK CHAMBER EL 4!>.0 

ELEVATIONS ARE IN FEET REFERRED 
TO MEAN SEA LEVEL. 
VELOCITIES ARE SHOWN IN PROTOTYPE 
FEET PER SECOND. 

MILLERS FERRY LOCK 

INTAKE FLOW DISTRIBUTION 

TYPE I (ORIGINAL) DESIGN 
CULVERT INTAKES 
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P1 

..., 

CULVERT 
• 

..fi...lM 

I 

' .fi_!M 

. --� ____ 'k. LOCK _ _ ____:.,2_:_.2.:....5•--4�_,"""'_,,._....,,H--

FLOOR EL 16.0 
.., 

'4' 40CK CHAMBER 

_, •NOR�• 

' 

20 

I#' 5' 

0 32 

• 

SECTION B·B 
SCALE 

'L.... J.. - - ' "" 

PLAN 

SCALE 
,.._�i::.·=�JO--...t:!ff'T 

OJLVERT 

DETAIL A 
SCALE 

1,,,- 0 

.., 

t--- SVlJMETRICAL ABOI.IT t. LOCK 

SCALE 
� �n 

SYMMETRICAL ABOUT � LOCK 

EL 6.5 

5.J75' EL 6.5 J.'75' 
7J.25' 

u';.5E!:l=c::::n=� = =ot=�� 
I475../ EL 45 DETAIL A � 

n a5 I 

__l__.l.!'.:=::;;:=:r::::::=�=::;::I==:Y
F.::A;::
C":::::::OSF-:::::::TO==iic;;::�t:--.L_l 

PLAN 

FLOOR CULVERT DETAIL 
NOT TO SCALE 

MILLERS FERRY LOCK 

NOTE ELEVATIONS ARE IN rEET RErERREO 
TO MEAN SEA LEVEL. 

LONGITUDINAL 

FLOOR CULVERT SYSTEM 
TYPE I (ORIGINAL) 

CULVERT ARRANGEMENT 
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In 5 � 

a: 
w 

I 0 

w 

5 
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<( J: 
a: � 
... a: 
� 10 

LEGEND 
SYMBOL V/>,J..VE SCHEDULE MIN 

0 2-I 
fl 4-I 
0 e-:i: 

NOTE: 48-FT HEAD (UPPER POOL EL 80.0, 
LOWER POOL EL 32 0) 

-- 12-BARGE TOW AT STA 0+47 
e -BARGE TOW AT STA 0+47 

---- e -BARGE TOW AT STA 3+27 

PLATE 8 

---------

MILLERS FERRY LOCK 

EFFECT OF TOW SIZE AND 

POSITION ON MAXIMUM HAWSER 

STRESSES DURING FILLING 

TYPE I (ORIGINAL) CULVERT ARRANGEMENT 
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Ill z 
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a: 
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0 
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-

w 

5 Ill 
z I-
c{ J: a: 12 I- a: 
:E 10 :> 

14 

LEGEND 
SYMBOL VAL.VE SCHEDULE MIN 

a 2-I 
a 4-I 
0 6-J: 

NOTE: 48-FT HEAD (UPPER POOL EL80.0, 
LOWER POOL EL 32.0) 

-- 12·BARGE TOW AT STA 0+47 
-- & ·BARGE TOW AT STA 0+47 
---- & ·BARGE TOW AT STA 3+27 

-
---

----- --❖ 
--

..:=--== ==== --<>-

-�--=--� ��� 

MILLERS FERRY LOCK 

EFFECT OF TOW SIZE AND 

POSITION ON MAXIMUM HAWSER 

STRESSES DURING EMPTYING 

TYPE I (ORIGINAL) CULVERT ARRANGEMENT 

PLATE 9 
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0 

85 

45· 

40j 

30· 

0 2 ___ 3 

UPPEft POO� El _§q.O 

4 
TIME,MIN 

�5 ___ 6 �---�7- 8 9 10 II 12 13 14 ___
_ 
15 

I w 

i � 
----··-· ----- I 

V 

LOCK F_ILLS IN 12.9 lvfl.'.!;'N�-======J,,. �--
---- ci: .... 

DIFFERENTIAL UPSTREAM TO DOWNSTREAM (CHAMBER) --- '2 w..., 
··
7

1o i �
a: w 

2:lji:, 
·-·. ----------...-:, __ ,.,, _____________ ',;---------------------------------------------------------------��---

OIFFERENTIAL UPSTREAM ro CENTERKHAMBER) 

I 
RIGHT 6.J TONS

6.J TONS

-RATE OF RISE

9 10 II 

�� 
:rO 

. V 

:<: 

10 

a!;: 
ii z 

6 ... j o, 

4 �� 
2� 

----------------i0 

12 

.. -----------t 

·----· _, 
13 14 15 

NOTE 12·BARGE TOW POSITIONED 4 7 FT FROM UPSTREAM NITER GATE 
PINTLES (IIJ'): TONS DISPLACEMENT) 

MILLERS FERRY LOCK 

FILLING CHARACTERISTICS 

TYPE I CULVERT ARRANGEMENT 

4-MIN VALVE. SCHEDULE I



85 

80 

75, 

70 

45 

40 

35 

30 

RIGHT 

LEFT 

RIGHT 

2 
TIME.MIN 

__ 3_ 7 ·-···-- 8 _ ___ 9 _____ 10 _____ l
c..c
l_ 

UPPER POOL EL 800 ---·· - .. - ... ------

12 TONS 

2.4 TONS 

16 TONS 

/�rEOFFALL 

----

12 13 14 

�--------------------------------- ---------=:::::...-=----------------,------10 

VALVE OPENING 

----------
3 4 

NOTE 12·BARGE I <YW POSITIONED 4 7 FT FROM UPSTREAM MTER GATE 
Pl',JTL(S ·, TONS 0!�1-'L ACEMENT) 

5 

LOWER POOL £1. JZQ 

6 7 8 
TIME, MIN 

9 10 II 

------

LOCK EMPTIES if.ii.
c=
;-
==_o
=

M-Z,...W...;i-- ·---=1 
12 13 14 15 

MILLERS FERRY LOCK 

EMPTYING CHARACTERISTICS 

TYPE I CULVERT ARRANGEMENT 

2 · MIN V.AL Vl.. SCHEDULE: I 
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I\) 

[ __ ,.,.,.m 

. � .: !. tn &¼in.1nJUb 
2 3 4 $ 6 7  6 11 10 

CENTER LINE SECTION 

SYMMETRICAi. A80UT CENTER 1NE LOO< 

3'$' J.J7S 

PLAN 

TYPE A «'.>RIGINAL) CULVERT 

SYMMETRICAi. ABOUT STA 3♦238 

I. ASOUT CENTER 1.INe LOO< 

EL 8$ 

PLAN 

TYPE B CULVERT 

SECTION A-A 

DETAILA 

�� 
DETAILB 

� 
• 0 •FT 

INTERIOR DEFLECTOR DETALS 
FLOOR CULVERT PORTS 

CUI.VERT PORT 0 
TYPE NO. OFFSET 1.ENGTH 

A 1-10 NONE NONE 

B 1•3 10· 50• 
4 6' 30' 

�10 NONE NONE 

e I Cl.OSEO Cl.OSEI> 
2-4 12' el)' 

�a 6' 3tr 
7-10 NONE NONE 

NOTE: EI.EVATIONS ARE IN FEET REFERREO TO 
MEAN SEA I.EVEI.. 

PLAN 
TYPE C CULVERT 

2 3 4 $ a 1 a 9 

PORT NUMIIERS 

STEADY-FLOW CUL.VERT DISTRIBUTION 

MILLERS FERRY LOCK 

DETAILS OF AND FLOW 
DISTRIBUTION IN TYPES A,B,AND 

C FLOOR CULVERTS 



1225' 

AS' 

1225' 

122$' 

as· 

1225' 
J' 

LOCK 

(LOCK 

TYPC D CULll£RT /$ /DENT/CAL TO TYPC C 
WITH# AIXIITIONAL PORT'S (ND$. II AND IZ} 
IN EACH CULVERT OPEN 

(LOCK 

,I 

�----
-
---(LOCK 

---------

�._��t...�'L .. W
�-;=;;;--":r""r 

f11==------..:i.. ... 'L

rYP£ £ CULll£RT HA$ 20PORT$ 
DPCN WTT'H T"HC PORT"$,_ FT ON 
CENTERS PORT' NI/M8£R$ 2AAO 
#HAVE 12•/N. INTERIOR 
DCFLCCT'ORS ANO PORT 
NIIM8£R$6 HAVE 6•/N. 
INTERIOR DCFLCCT'ORS 

T'l'H F CULVERT 1$ IOCNTICAL TO 

=T��S!t�'o/� IT AND 

IP) N EACH CULVERT OPEN 

� rr�r-r-.rr-:-""r"",., 

,t::::!:!:::::====�1-----,_---l 

'-\...\...l-'i-!L-'L...'t...!---..----­
(LOCK 

TYPC C CULll£RT HAS 20 PORTS 
Ol'EN WIT"H rHE PORT$ ,_FTON 
CENTERS 1Nr£RIOR PORT' 
DCFLB:TORS REMOVED 

HALF PLANS 

TYPE2 
TYPE C CULVERTS 

TYPE3 
TYPE C CULVERTSWITH3·F'T·LONGBY 

4•fT-HGHEXTERIOR PORT OEF'LEC· 
TORS 

TYPE4 
TYPE C CULVERTS WITH 3·F'T·LONG BY 

4-F'T·HIGH EXTERIOR PORT OEF'LEC· 
TORS DIVIDING WALL REMOVED ANO 
CULVERTS INSTALLED WITHCORRE· 
SPONOING PORTS STAGGERED 

TYPES 
TYPE OCULVERTSWITH3-F"Ft..0NGBY 

4·F'T-HIGH EXTEFUOR PORT OEF'LEC· 
TORS OIVIONG WALL REMOVED ANO 
CULVERTSINSTALLEOWITHCORRE· 
SPONOING PORTS ST/IGGEREO 

IYPE 6 
TYPE E CULVERTS WITH 3-FT·I.ONGBY 

4·F'HtGH EXTERIOR PORT OEFLEC· 
TORS DIVIDING WALL REMOIIEOANO 
CULVERTSINSTALLEOWITH CORRE· 
SPONOIIIG PORTS ST/IGGEREO 

IYPE7 

TYPE F CULVERTS WITH 3·FT-t..ONGBY 
4·FT·HGHEXTERIORl'ORT OEF'LEC· 
TORS DIVIDING WALL REMOIIEOANO 
CULVERTSINSTALLEOWITH CORRE· 
SPONDING PORTS STAGGERED. 

TYPES 
TYPE G CULVERTS WITH 3-F'T·LONG BY 

4-F''l'HIGH EXTERIOR PORT OEFLEC· 
TORS DIVIDING W LL REMOJEO ANO 
CULVERTS INSTALLED WITH PORTS 
STAGGERED. 

MILLERS FERRY LOCK 

CUL VERT ARRANGEMENTS 

TYPES2-8 

PLATE 13 



SYMMET'RfCAL ABOUT STA 3'2/A 

LOCK 

UXK 

UXK 

11 SPI.ITT£R WALL 

SY-TIIICAL MOVT 
STA JIIJA HALF PLANS 

PLATE 14 

TYPE 9 

TYPE G CULVERTS WITH 3-FT-LONG BY 
4-FT-HIGH EXTERIOR PORT DEFLEC· 
TORS OIVOING WALL REMCNEO ANO 
CULVERTS NSTAU.EOWITH CORRE­
SPONOtNG PORl"S STAGGEREO. 
OIVONG WALL NSTALLEO N CROSS­
OVER CULVERT ON CENTER LINE 
OF LOCK 

TYPE 10 
TYPE C. CULVERTS WITH 3-FT-LONG BY 

4·FT-HIC.H EXTERIOR PORT OEFLEC· 
TORS OIVIDINGWALL REMOVEOANO 
CULVERTS NST Al.LEO WITH CORRE­
SPONDING PORTS STH:",GEREO. 
DIVIDING WALL INSTALLEO IN CROSS, 
OVER CULVERT ON CENTER LIIIE 
OF LOCK. 

TYPE II 

TYPE C. CULVERTS WITH J·FT·LONG BY 
4·FT·HIGH EXTERIOR PORT DEFLEC· 
TORS OMOINGWALL REMOIIEOANO 
CULVERTS INSTALLEO WITH CORRE· 
SPONDING PORTS STAGGEREO. 

TYPE12 
TYPE C CULVERTS WITH 3·FT·LONC. BY 

4·FT·HIGH EXTERIOR PORT OEFLEC· 
TORS DIVIDING WALL INSTALLEO IN 
CROSSOVER CULVERT ANO ON CENTER 
LINE LOCK CHAMBER SPLITTER 
WALL AT ENTRANCE TO CROSSOVER 
CULVERT 

TYPE 13 

TYPE C CULVERTS WITH EXTERIOR PORT 
OEFLECTORS REMOIIEO OIVIOING WALL 
INSTALLEO IN CROSSOVER CULVERT 
ON CENTER LINE OF LOCK SPLITTER 
WALL AT ENTRANCE TO CROSSOVER 
CULVERT 

TYPEl4 

TYPE C CULVERTS WITH SPLITTER WALL 
AT ENTRANCE TO CROSSOVER 
CULVERT DIVIDING WALL REMOIIEO 
FROM CROSSOVER CULVERT ON 
CENTER LINE OF LOCK 

MILi.ER$ FERRY 1.0CK 

CUL VERT ARRANGEMENTS 

TYPES9·14 
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16 

FILLING TIME, MIN 

10 .----,----,----.,-------.-------.---------

10 .':"'""-------:L-----__,JL...-___ __JL_ ___ __J'---___ ____J ____ _j 
10 11 12 13 

FILLING TIME, MIN 

14 15 16 

LEGEND 

0 0 TYPE 2 
lr- - -A TYPE 3 
0--•� TYPE 12 
9-••--V TYPE 13 
X----X TYPE 14 

MILLERS FERRY LOCK 

MAXIMUM HAWSER STRESSES 
AND FILLING TIMES 

TYPES 2,3, 12, 13, AND 14 
CULVERT ARRANGEMENTS 

8•FT PORT SPACING 

PLATE IS 
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LEGEND 

TYPE I 

lr--6 TYPE • 

�-� TYPE 9 

V--··-'1 TYPE10 

x----x TYPE 11 

PLATE 16 

tr-_ 

x, --t..-
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··--9-- __ 

.· ::.,� 
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FILLING TIME, MIN 

14 

15 

15 

MILLERS FERRY LOCK 

16 

16 

MAXIMUM HAWSER STRESSES 

AND FILLING TIMES 

TYPES 6, 8,9, 10, AND 11 
CULVERT ARRANGEMENTS 

18-FT PORT SPACING



_j 

CULVERT 

8.5' 

� 10' 

l2.5'R DEFLECTOR 

8.5' 

� 101 

TYPE I (ORIGINAL) TYPE4 

I ONB 

TYPE 2 

TYPE3 

8.5' 

/ONB IO' 

8.5
1 

IONS IO' 

I ONB 

11· 

� 10' 

TYPE 5 

NOTE: ALL DIMENSIONS ARE IN 

PROTOTYPE UNITS. 

MILLERS FERRY LOCK 

CROSSOVER CULVERT ENTRANCES 
TYPESl-5 

SCALE IN FEET 
50 75 

PLATE 17 



IS'R 

< 
I') 
N 
+ 

I') 

I­
:, 
0 
GI 
< 

2.S'/1 

11.S' 

TYPE 15 

STA ll+!>!>A � DOWNSTREAM 
MITER GATE PINTLE 

TYPE C CULVERTS WITH DI VIDING WALL REMOVED AND 
CULVERTS INSTALLED WITH CORRES PONDING 
PORTS STAGGERED. 

TYPE 16 

TYPE H CULVERTS WITH DI VIDING WALL INSTALLED, 
I!>' RADIUS DEFLECTOR S  IN LATERAL CUL VERT, 
4'X4' S ILL,ANDIOON I S LOPING FLOOR. 

{ LOCK 

◄/0 ON I 

TYPE 17 

TYPE I CULVERTS W ITH DIVIDING WALL INSTALLED, 
IS' RADIUS DEFLECTORS IN LATERAL CULVERT, 
4'X4' SILL, AND 10 ON I SLOPING FLOOR. 

{ LOCK 

◄/QONf 

TYPE18 

TYPE J CULVERTS WITH I!>' RADIUS DEFLECTORS I N  
LATERAL CULVERT, 4'X4' SILL, AND 1 0  O N  I 
SLOPING FLOOR. 

HALF' PLANS 
NOTE: ALL TYPES HAVE 11' WIDE CULVERTS, 

!,• SPLITTER WALL, AND 12 .S' RADIUS 
ON UPSTREAM ENTRANCE TO LATERAL 
CULVERT (STA 3+23), MILLERS FER RY LOCK 

PLATE 18 

CULVERT ARRANGEMENTS 

TYPES 15-18 



IS'R 

STA3+40.�A STA 4+21.$QA 
I 

/OONI 

TYPE 19 

STA 8♦55A � OOWNSTAEAM 

MITER GATE PINTLE 

TYPE K CULVERTS WITH ROOF' PORTS IN ENO CULVERT 
ANGLED RESPECTIVELY, 45 DEG UPSTREAM, NORMAL, 
ANO 45 DEG DOWNSTREAM. ENO SILL IS 3.5' HIGH BY 
4.0' WIDE ANO IO ON I SLOPING F'LOOR. 

-,JO ON t 

TYPE 20 

TYPE L CULVERTS 

END CULVERT l'OIITS 
,a· ... ,.o·• 6'CENT£11$ 

,JDONI 

TYPE 21 

TYPE M CULVERTS 

40NI 

TYPE 22 

( LOCK 

( LOCK 

( LOCK 

TYPE K CULVERT WITH A 4 ON I SLOPING CHAMBER FLOOR. 

HALF' PLANS 
NOTE: ALL TYPES HAVE 11' WIDE CULVERTS, 

5' SPLITTER WALL, ANO 12.5' RADIUS 
ON UPSTREAM ENTRANCE TO LATERAL 
CULVERT (STA 3+23) MILLERS f'ERRY LOCK 

CULVERT ARRANGEMENTS 

TYPES 19- 22 

PLATE 19 
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� 51---------------------------------1 
z I­
<( X a: C) 
I- if 
� I0t--------+--------+-------------+-------1 

� 
i 

SYMBOL 
0 
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0 

II 

LEGEND 
Vl>l.VE SCHEDULE MIN 

2-1 
4·1 
6-I 

NOTE 48-FT HEAD (UPPER POOL EL 800, 
LOWER POOL EL 32 0). 

PLATE 20 

12 13 15 
FILLING TIME, MIN 

MILLERS FERRY LOCK 

MAX I MUM HAWSER STRESSES 

AND FILLING TIMES 

TYPES 15-18 CULVERT ARRANGEMENTS 

12-BARGE TOW
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-� ...._ 
--

� � FILLING TIME 
...J 
I&. 

10 

19 20 21 22 23 

I I 

k 
..,.. UPSTREAM 

ILi Ill 

10 

3: I-
� I&. 5 
:I Ill ILi 
::i � ...J a: I-
� ui 
1/1 ILi 0 
Z Ill � Ill 
a: ILi
I- � 1-:i Ill I: 5
:, <., 
:i -
- a: 
X 

� 
10 

-�.....--

li 

20 

19 20 

-

DOWNSTREAM 

I I I 
21 22 23 

� i- LEFT 

"- RIGHT 

I 
21 22 23 

CULVERT ARRANGEMENT TYPES 

NOTE: 6•BARGE TOW POSITIONED 
327 FT BELOW UPSTREAM 
MITER GATE PINTLES. 

MAXIMUM HAWSER STRESSES 

AND FILLING TIMES 

TYPES 19-23 CULVERT ARRANGEMENTS 

48-FT HEAD
2-MIN VALVE, SCHEDULE Il

PLATE 21 



II 13 
FILLING TIME,MIN 

10,1-------+------+------+------+-------1 

Iii � 
Ill l:i 
(II .J 

� 5.------------------------+-----------i Iii 

----- c_::� 
24 

-�
o,------+------•TYPE23�---,...-----------� 

LEGEND 
SYMBOL Vlil.VE SCHEDULE. MIN 

0 2·I 
4-I 

0 8-I 

NOTE: •&-FT HEAD (uPPER POOL EL 80.0, 
LOWER POOL EL.32.0). 

PLATE 22 

FILLING TIME,MIN 

MILLERS FEARY LOCK 

MAXIMUM HAWSER STRESSES 
AND FILLING TIMES 

TYPES 23 AND 24 CULVERT ARRANGEMENTS 
6-BARCE TOW
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L OCI< FLOOR 

SLOPE CEIL/NC 
TO $TA 20.008 
SLOPE CEILIN 

� 

EL4O1J • 

EL ZS.O ,u===• = =
IO' X /$'CULVERT-

ASSUMED 
TOP�CHALI< 

L, ZM. 

EL 160 
.EL IOZS 

EL 870 

.!.!. 

, < 
NORMAL UPPER 
POOL EL Bfl? _ . 

Ml!f _LSJ]"ER POOL EL .JZO 

, ·EL 85 

SECTION B-B 

llriOT( t.�[VATIONS A.Rt IN FEET .;trtRRF'C 

TO VE'�N SCA �£V£L, 

-i!----· ---1--1--1,-. 
EL 180 i � ..... ...,.,..==!.-

WALL ELII.S­
IOZS-

PLAN 

108'.. 108' 

ELEVATION A-A, LAND WALL 

' EL 680 

' s 
,o 

SCALE IN FEET 

' 

20 0 20 •0 60 
----- -

so 

SCALE IN FEET 
0 so 100 

.. _ 

§.
,s·.�·.,s· .. 48• .., 

ELEVATION C-C 

40NI 
TIIPCA 

1.2$' X "' PORT•S SO FT 

ii 
-c:::::::J

.... •·- 57• --- •.• ,o:.
,z· 

LOWER GUIDE WALL 

__ -<!) 
G11,_�D 8 ..I

�
.... -·- CULVERT 

DISCHARGE 
STRUCTURE 

MIN LOWER POOL EL JZO 

EL /,0---= 

h E.L 50 

L Z. 0 

SECTION D-O 
NOT TO SCALE 

MILLERS F'ERRY LOCK 

TYPE 23 (RECOMMENDED) 
CULVERT ARRANGEMENT 

DETAILS OF FLOOR 
CULVERT SYSTEM 



tf I-
I/I ... 

15 

15 
IO

15 

IO 

VI� 

� 5 
In 

0 

111111111 111111111 

-== ..,_ _______

-----

I I I I I I II I I I I I I I I I I 
It 

I I I I I I I I I 111111111 

-. 

--
-- -------

I I I I I II II 111111111 
II 

LEGEND 
SYMBOL Vl>LVE SCHEDULE. MIN 

0 2-ll 
4-ll 

0 8-]l 

NOTE: 48-FT HEAD (UPPER POOL EL 80.0, 
LOWER POOL EL 32.0). 

- 12-BARGE TOW AT STA 0+47 
0 ·BARGE TOW AT STA 0+47 

---- e ·BARGE TOW AT STA 3+27 

PLATE 24 

111111111 111111111 111111111 

�------ ------�

_______ .., ..

II I I I I I I I I II I I I I I I I I I I I II I I 
12 13 14 15 

FILLING TIME, MIN 

111111111 111111111 111111111 

--= ---- --..-----

-----
----------

1:=-

12 
111111111 111111111 111111111 

13 14 15 
FILLING TIME, MIN 

MILLERS FERRY LOCK 

EFFECT OF TOW SIZE AND 

POSITION ON MAXIMUM HAWSER 

STRESSES DURING FILLING 

TYPE 23 (RECOMMENDED) 

CULVERT ARRANGEMENT 
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15 

15 
13 

15 

� 10 
Ill� I-
t: � Ill .J 

� 5 
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15 
13 

111111111 111111111 

-=e =--

-
-

I I I I I I I I I II I I I I I I I 
14 

111111111 111111111 

-

-

-

I I I I I I I I I I I I I I II I I 
14 

LEGEND 
SYMBOL V/>LVE SCHEDULE MIN 

0 2-lI 
C. 4-lI 
0 8-lI 

NOTE, 48-FT HEAD (UPPER POOL EL 80.0, 
LOWER POOL EL 32.0) . 

- 12-BARGE TOW AT STA 0+47 
8 •BARGE TOW AT STA 0+47 

---- 8 ·BARGE TOW AT STA 3+27 

111111111 111111111 

----

-

. 
---

II I I I I I I I II I I I I I I I 

111111111 

-

-

-

.-----

I I I I I I II I 
15 NS 
EMPTYING TIME, MIN 

IT 18 

I I I I I I I I I II I I I I II I I I II I II I I

-

I I I I I II II I I I I I I I I I I I I I I I I I I
15 16 17 18 

EMPTYING TIME, MIN 

MILLERS FERRY LOCK 

EFFECT OF TOW SIZE AND 
POSITION ON MAXIMUM HAWSER 

STRESSES DURING EMPTYING 

TYPE 23 (RECOMMENDED) 

CULVERT ARRANGEMENT 

PLATE 2f> 



85 

ITI 

N 
80 

75 

70 

45· 

35 

30 

0 2 3 

I UPPER POOL EL 800 

5 

,,--RATE OF RISE 

6 
TIME, MIN 

7 8 9 10 II 12 13 14 15 

-10 

8� 

- a er
�

. �� 
4 ...... t-, IL 

2: 

1-----=-----,L-----------------------------------------10 

NOTE: 6·BARGE TOW POSITIONED 327 FT FROM UPSTREAY 
MITER GATE PINTLES ( !>410 TONS DISPLACEMENT) 

TYPE 23 (RECOMMENDED) 
CULVERT ARRANGEMENT 

2-MIN VALVE. SCHEDULE Il



80 

75 

I 

35 

30 

0 2 3 

UPPER POOL El 800 

0.9 TON 

4 5 6 
TIME,MIN 

7 8 

-EMPTYING CURVE

9 10 II 12 13 14 15 

0.6 TON 

� 10 

1-------------------------------------=""C-------------------lo 

� 8 ' VALVE OPENING 
�t�1-----::,......:::..._ ________ �l�O�W.���R�P�O�a�L=--=£.�L�J�2�.o __ 
� 2w::: ___________________________________________ L_o_c_�_£._M._P_�_�_S_IN_U_._2_M_IN ___ _, 
,< OO 2 3 4 5 6 7 8 9 10 II 12 13 14 15 > TIME, MIN MILLERS FERRY LOCK 

NOT£ O• B.-ROE TOW POSITION£0 3Z7 FT FROM uPSTR£AM Mll£R 
(;ATE PINTL£5 (HIO TONS OISPLACEM£NT). 

EMPTYING CHARACTERISTICS 

TYPE 23 (RECOMMENDED) 
CULVERT ARRANGEMENT 

2·MIN VALVE. SCHEDULE II 
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.., 
u 

III

.JS-FT HEAD 

\ 

48-FTHEAD 58-FT HEAD \ 

I---------_J_-------t----�---t--b----8-t-------6---+--9---4..-----+------;�---+-------+---

� 16 ---------- - -t------l----t-----lf---+t---------\-1--+.......Jl---l-----+--11----

j i i � ,51-------L-------,---------1,-+-----l-·ln _ __JH--------+-'-�-4----l---

- - --l-----v-t--------¼---<B---+------'6----------+----¥.----- -�---- - -- --_,_________.
13 t------t-------!--------!--------1--------1------__JL-_____ _ 

II ":-
7 
�__.__,�....._,.___.__,�....._,._--'--'-'-.L..L--'--''--

9
L.L.L..L--'-L.J.....l...l.--'-

IO
L.J....L..L--'-L.L..-'-'---'-

I
L

I 
.L..L--'--'-'-J..J...--'--'-

12
LL-'-l.--'--LL.L.L....L..J

l3
LL.L.L....L..JLL.L.L....L..J

l4
c...,_.._,__,___i_._.._,__,___i

lS
--'-L..L.-'---1...J....L.-L-'---1

UI
...J....L.L-'---1--'-LL.Li

l7 

f"ILLING TIME, MIN 

NOTE: HAWSER STRESSES WERE MEASURED ON 6-BARGE TOW 
( !,410 TONS OISPLACEMENT) POSITIONED 327 F T  FROM 
UPSTREAM MI TER GATE PINTLES. 

SUBMERGENCE IS THE DIFFERENCE IN ELEVATION BETWEEN 
LOWER POOL ANO THE ROOF OF TH£ FLOOR CULVERT AT EL 180 

MILLERS FEARY LOCK 

PERMISSIBLE FILLING TIMES TO 

KEEP HAWSER STRESSES WITHIN 

3-, 4-, AND 5-TON LIMITS 

TYPE 23 (RECOMMENDED) 
CULVERT ARRANGEMENT 
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z 

•e--------.----"""T""----.,....-----,.------, 

14 

12 

2 4 6 8 10 

VALVE TIME, MIN 

20r-------,,-----.-----T""-------r--�,--, 

12''----'--___._ ____ _._ ____ ...._ ___ ....... ____ _. 

2 4 6 8 10 

VALVE TIME, MIN 

MILLERS FERRY LOCK 

VARIATION OF FILLING AND 

EMPTYING TIMES WITH VALVE TIME 

TYPE 23 (RECOMMENDED) 

CULVERT ARRANGEMENT 

PLATE 29 



r AIR I/ENT 

llll£S$I.R ctu;: 

PRESSURE CELL LOCATION 

SECTION B-8 

a.,. 

PLAN 
¥N,Tii"w;J 

!&.,� .. ·· °"!11--MP' 

-z.a1ir
I ,2.5· 25• 25• 

.. 

SECTION A-A 
SCALE IN fJtI 

9 f P II f 

25' 

NOT[, ELEVATIONS ARE IN FEET REFEFIIEO TO MEAN SEA LEVEL. 
ALL DIMENSIONS ARE IN PRO'IOTYPE EQUIVALENTS. 

EL/I 

25' 

MILLERS FEARY LOCK 

PIEZOMETER LOCATIONS 

TYPE 23 (RECOMMEt-.DEO) 
CULVERT ARRANGEMENT 
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� 

w 

eo...----------,---------....... ------------------....... ---------

SOl-----------+----------+---------+-----------+-----------1 

LOWER POOL EL 32.0 

101------------t-----------+---------t-----------+------------1 

0o 
__________________ __._

2 
_________ 

3 
_________ .... 4 _________ .., 

NOTE: LOWER POOL EL 32.0 AND UPPER 
POOL EL eo.o. 

IO•FT·WIDE BY IO·FT·HIGH CULVERT. 

SUBMERGENCE IS MEASURED FROM 
LOCK FLOOR EL 18.0. 
BULKHEAD SLOTS BELOW FILLING 
VALVES CLOSED. 

TIME,MIN 

MILLERS FERRY LOCK 

AVER AGE PRESSURE 

CELL READING 

BELOW FILLING VALVE 

TYPE 23 (RECOMMENDED) 
CULVERT ARRANGEMENT 

14-FT SUBMERGENCE 
1 

48-FT HEAD
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90 

80 

70 

;;l 80 

I-.. 

PRESSURE CELL UPSTREAM 
OF v1LVE 

UPPER POOL EL 80.0 

I 
, 

, 

, 

, 

, 

.. -------- -- --- ... 

!!IO 

\✓ ,' 
1----------+---�t----''<:"""-+-::>'-'--' ------+---------+---------! 

),; ----- _, 
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w 

� •O 

JO 

20 

� ' 
, 

, 

, 

PRESSURE CELL DOWNSTREAM : 
OF VALVE : , 

, 

--­' . 
\ 

\ . .

.... _., __ ............................................ .. 

---

0 o�
-------....L.--------�2 

________ .1.
J 
________ J.

4 
_______ __J

� 

LEGEND 

PRES$UR£ VALVE OPENED ANO 
REAOINC. THEN CLOSED 

1/2 
J/4 
F'ULL 

TIME, MIN 

NOTE· LOWEii POOL ELEVATION 32.0 NIO 
UPPER POOL ELEVATION 80. 0 
10-F'T·WIDE 8Y 10-F'T·Hlc.H CULVERT 
WITH F'LOOR AT ELEVATION 16.0 

MILLERS FERRY LOCK 

PRESSURE CELL READING 

ACROSS FILLING VALVE DURING 

ABNORMAL OPERATIONS 

2-MIN VALVE OPENED 1/2, 3/4, AND f'ULL

ANO REVERSED TO CLO SEO POSITION



1J 
r 

"' 

w 

111• 

$T4TION$ 

� � � 
? � - .,,�; 

PORT NUMBERS 

(--------------- -!.!.2!.
18 17 16 IS 14 13 IZ 11 10 9 8 7 6 S 4 3 2 I 

( _______________ --!!.l!.!!.

14 

IS 

13 

12 

10 

10 
I 

PORTS 1.10 OPEN 

i _ �R.!S 1,8 OPEN 

PORTS 2-9 OPEN --� 

PORTS 3.10 OPl!N 

11 4 ! PORTS4,II O�I;� 

PORTS $,12 OPEN 

PORTS 6-13 OP�N 

PORTS 7-14 OP�N 

PORTS 8,1$ OPEN 

., 

, •. ,. I 

PLAN 

2S 

26 

21 

28 

29 

30 

31 

32 

33 

JJl' 
STATIONS "" "' "' "' 

: i i t S � � 5 

PORT NUMBERS 
� ---------------] 

I 2 3 4 S 6 7 8 9 10 11 12 13 14 IS 16 17 18 

CHAMBER 
---·- - -

� _______________ ] 

PORTS 1-10 OPEN 10 

r-----12!!.TS 2-9 OP�N 

11 
PORTS 4,11 OPF.N 

I 

PORTS 6-13 OPFN 

12 

13 

I 

14 
PORTS 7-14 OPEN

-----t 

PORTS 8-15 OPF.N 
15 
I 

,( 

CULVERT ARRANGEMENT TYPES 

NOTE: ALL DIMENSIONS ARE IN PROTOTYPE UNITS. 
TYPE A PORT THROAT AREA : 1.?S FT AV 
4.0 FT• S.0 SQ FT. 

. ..

JONES BLUFF LOCK 

CULVERT ARRANGEMENTS 

TYPES 25-33 



PORT NUMBERS c---------------
--.!!,!!!.

18 17 16 15 14 13 12 11 10 9 8 7 6 S 4 3 2 I 

PLAN 

IS 
PORTS 1.3.5.7.9.11. 13.15 OPEN 

I 34 

14 
PORTS 2.4.6.8,10.12.14 OPEN 

35 

13 
PORTS I. 3.S. 7, 9, 11, 13 OPEN 

36 

•1 PORTS 4-10 OPEN 
37 

II 
PORTS 5.11 OPEN 

38 

II 
PORTS S-11 OPEN 

39 ° 

IZ 6 
PORTS 6-12 OPEN 

I 40 

POAT NUMBERS 

fil!.- ---------------] 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

HAMBER 
·-------· 

�================] 

PORTS 1.3,5.7. 9, 1 1, 13
1
15 OPEN 

IS 

I 

2 
PORTS Z,4.6.8, 10, 12,14 OPEN 

14 

I I 

PORTS 1, 3,5, 7. 9.11, 13 OPEN 
13 

I 

PORTS 4• t O OPEN 
10 

I 

PORTS S-11 OPEN 
II 

I 

PORTS 5, 11 OPEN 
II 

I 

6 12 

I 
PORTS 6-12 OPEN 

I 

CULVERT ARRANGEMENT TYPES 

NOTE: ALL DIMENSIONS ARE IN PROTOTYPE UNITS. 

PORT THROAT AREA : 1.25 FT BY 

4.0 FT : S SO FT (TYPE Al. 

• LOCK FLOOR REMAINS AT EL 8.5 

BEYOND PORTS. 

SCALE 1N FEET 

•o o 
------

'° ,oo 

JONES BLUFF LOCK 

CULVERT ARRANGEMENTS 

TYPES 34-40 
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25 

ffi 10 

• 
. .. 
l: u, IL $ 
"'z l&I 

� e .J 

� th 
"' "' 0 
z .. . .. 
a:"' 
,-a: .. 

2 ti a 5 ::, -
2 a: 

2 10 

25 

� 

25 

26 

26 

26 

NOTE: 6-BARGE TOW POSITIONED 

327 �T eELOW UPSTREAM 

MITE" GATE PINT LES, 

27 28 

27 2 8 

27 28 

I 

FILLING TIME -
l'>l

I 

29 30 31 32 33 34 

I 

UPSTREAM
�. 

,

, 
DOWNSTREAM -1----" 

I 
29 30 31 32 33 34 

� 
LEFT 

� RIGHT 

29 30 31 32 33 34 

CULVERT ARRANGEMENT TYPES 

-
� 
---

35 36 37 38 39 40 

-

35 36 37 38 39 40 

-

-

35 36 37 38 39 40 

JONES BLUFF LOCK 

COMPARISON OF MAXIMUM HAWSER 

STRESSES AND FILLING TIME 

TYPES 25-40 CULVERT ARRANGEMENTS 
45-FT HEAD

2-MIN VALVE ,SCHEDULE II
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w 
0, 

POAT NUMBERS 

[----------------..!!&!!. 

18 17 16 1S 14 13 IZ 11 10 9 8 7 6 S 4 3 2 I 

( _______________ ..-!!.2!!. 

•
1
o PORTS 4-10 OPEN 

1
1
1 PORTS 5.11 OPEN 

1 I POR_.!_S 6-12 OPEN 

13 7 
PORTS 7-�.3 OPEN 

I

'i' PORTS 8-_1 � OPEN � 

PLAN 

42 

41 

43 

44 

4S 

PORT NUMBERS 
� ---------------) 

I 2 3 4 5 6 7 8 9 10 11 12 13 14 IS 16 17 18 

� 
_______________ ) 

10 PORTS 4-10 OPEN 
I 

PORTS S-11 OPEN 1
1
1 

i PORTS 6-12 OPEN 11 

i PORTS 8-14 OPEN 14 

.Y 

CULVERT ARRANGEMENT TYPES 

NOTE· ALL CIMENSIONS ARE IN PROTOTYPE UNITS 

TYPE A PORT THROAT AR;A : 1.25 FT ev 
4.0 FT: 5.0 SQ FT. 

LOCK FLOOR RISES VERTICALLY TO ELEVA• 
TION 18.0. A OISTA ... CE OF 7 FT FROM THE 
EXTREME OQRT IN EACH ARRANGEMENT 

$CALE IN FEET 

•• 0 
--�-

•• ... 

JONES BLUFF LOCK 

CULVERT ARRANGEMENTS 

TYPES 41-45 



PORT NUMBERS 

c--------------- ...-.!!,2!. 

18 17 16 IS 14 13 12 11 10 9 8 7 6 S 4 3 2 I 

(-------------=---!1.2!!: 

14 
PORTS 1°14 OPEN 

IS 
PORTS 2-1 S OPEN 

16 PORTS 3·16 OPEN 

17 
PORTS 4°17 OPEN 

18 
PORTS 5-18 OPEN 

POAT NUM9ERS 

!!:2!.- ---------------] 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

L0Ct< ·cHAMeER 
• ·-- • ·--.. 

I ....!E-.. ---------------
]

-----------------

PLAN 

PORTS 1°14 OPEN 14 

46 

47 
PORTS 2-1S OPf:N IS 

PORTS 3· 16 OPEN 16 

PORTS 4-17 OPEN 17 

49 

PORTS 5•18 OPEN 18 

so 

CULVERT ARRANGEMENT TYPES 

NOTE: ALL DIMENSIONS ARE IN PROTOTYPE UNITS. SCALE IN FEET 

TYPE O PORT THROAT AREA : 1 .25 FT BY 

2.0 FT: 2.S SO FT. 

LOCK FLOOR RISES VERTICALLY TO ELEVA• 

TION 18,0, A OISTANCE OF 7 FT FROM THE 

EXTREME PORT IN EACH ARRANGEMENT. 

s:. •--�---·�--- ._. ____ ... 
JONES BLUFF LOCK 

CULVERT ARRANGEMENTS 

TYPES 46-50 
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PORT NUMBERS PORT NUMBERS c---------------.-.!!.2!!. 

18 17 ,, 15 14 13 12 11 10 9 8 7 6 5 4 3 2 t 
�----------------] 

� 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

CENTER. L-;l�N"E-;;;ttl:--;; HAM8ER . 

c=========------=7Low rw=====-----------] 

PLAN 

11 2 2 PORTS 2• 11 OPEN 11 PORTS z.11 OPEN 
I 

51 
I I 

12 PORTS 3-12 OPEN 52 PORTS 3-12 OPEN 12 
I 

13 4 53 PORTS 4.13 OPEN 13 
I 

PORTS 4-13 OPEN 
I I 

14 54 PORTS 5-14 OPEN 14 PORTS S-t 4 OPEN 
I 

IS 6 6 PORTS 6-15 OPEN IS PORTS 6-1 S OPEN 55 
I I I I 

16 PORTS 7•16 OPEN 56 PORTS 7°16 OPEN 16 

CULVERT ARRANGEMENT TYPES 

NOTE, ALL OIMENSIONS ARE IN PROTOTYPE UNITS. 
TYPE E POAT THROAT AREA : 1.25 FT BY 
2.8 FT: 3.5 50 FT. 
LOCK FLOOR RISES VERTICALLY TO ELEVA• 
TION ,a.o. A OISTANCE OF 7 FT FROM THE 
EXTREME PORT IN EACH ARRANGEMENT. 

.. 

$CALE 1k F£E:T 

so ,oo 

JONES BLUF'f' LOCK 

CULVERT ARRANGEMENTS 

TYPES 51-56 
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.. er >-
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42 

---

� 10 
42 

41 

41 

41 

NOTE: 6-8ARGE TOW POSITIONED 
127 �T 8ELOW UPST.,_EAM 
MITE.,_ GATE PINTLES. 

43 44 

43 44 

43 44 

I 
FILLING TIME-

\ 
l 

4S 46 47 48 49 so 

I 

UPSTREAM 

� 
DOWNSTREAM----

I 
4S 46 47 48 49 so 

¥ 
--tLEFT

� RIGHT 

45 46 47 48 49 so 

CULVERT ARRANGEMENT TYPES 

51 52 53 54 ss 56 

--

� 

S1 52 53 54 ss S6 

51 52 S3 S4 ss 56 

JONES BLUFF LOCK 

COMPARISON OF MAXIMUM HAWSER 
STRESSES AND FILLING TIME 

TYPES 41-58 CULVERT ARRANGEMENTS 
45-FT HEAD

2.-MIN VALVE ,SCHEDULE II 
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z 0----------------------------------1 
.J -------- --------- _______ ...,,. 
1 � ---- ---� 

�js1-----+--'----�-------�----�----� 
� t;

i
i�

10 

Cl) 

II 12 
FILLING TIME, MIN 

13 14 

e ,0-----------------------------­

ur i-"' ....ti�
� s------------------------+---------1Iii 

� s-------1------+--------------+---------1 
z 1-

: � 
I- a:

� 10----------------------------------1 

I 
i 

LEGEND 

sYMBOL Vlil..VE SCHEDULE. MIN 

IJ. I ll 
D }B V 
0 8 II 

NOTE:4�FT HEAO�R POOi.EL no.
LOWER EL 32.0). 

--12-BARGE TOW AT STA 0+47 
-- e-BARGE TOW AT STA 0+47 
---- e-BARGE TOW AT STA 3+27 

PLATE 40 

13 14 

JONES BLUFF LOCK 

EFFECT OF TOW SIZE AND 

POSITION ON MAXIMUM HAWSER 

STRESSES DURING Fl LLING 

TYPE 41 (RECOMMENDED) 

CULVERT ARRANGEMENT 
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� ,o..,_-----+-------+--------+------..,_-------1
1h I-
in � 
Ill .J 

� s--------------------------------1 
In 

a: 

� s-------+-------+--------+------1---------1 
z I­
<( :c 
a: !2 
I- a: 

� 10 

SYMBOL 
X 

D 

t. 

0 

LEGEND 
VALVE SCHEDULE. MIN 

1-n 
2-n 
4-n 
e-n 

NOTE: 45-FT HEAD (UPPER POOL EL 77.0, 
LOWER POOL EL 32.0). 

-- 12-BARGE TOW AT STA 0+47 
6 ·BARGE TOW AT STA 0+47 

---- 6-BARGE TOW AT STA 3+27 

13 
FILLING TIME, MIN 

JONES BLUFF LOCK 

EFFECT OF TOW SIZE AND 

POSITION ON MAXIMUM HAWSER 

STRESSES DURING FILLING 

TYPE 53 CULVERT ARRANGEMENT 

PLATE 41 
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UPPER GUIDE WALL 

GATED SPILLWAY 
PLAN 

< 

� 

,____ �
LOWER GUIDE WALL 

··---4)
•IG11,_�0 II< g 

�
·· CULVERT 

• EL tSO DISCHARGE 
EL SO STRUCTURE

',a· • · EL tJO 

NORMAL UPPER POOL • ½ •.
EL 17.0 r-------,r1-----:l:'f,-:'.:-�:'.:"·-'1:::' _____________________ ....!.T£O�P_£O'!_F_J,.!!;A�Ll_!L�E[!L�8�lOL,:-.• :-: •• c;,-:-.. :;,--------,._�l-w--'.'.:_ __ EfLLl8'l2·£0_-" •----
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