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PREFACE

The model investigation reported herein was authorized by Headquarters,
US Army Corps of Engineers (HQUSACE), on 1 March 1986 at the request of the
US Army Engineer District, Vicksburg (LMK).

The study was conducted during the period March 1986 to May 1990 in the
Hydraulics Laboratory (HL) of the US Army Engineer Waterways Experiment
Station (WES), under the direction of Messrs. F. A. Herrmann, Jr., Chief, HL;
and R. A. Sager, Assistant Chief, HL; and under the general supervision of
Messrs. G. A. Pickering, Chief, Hydraulic Structures Division (HSD), HL; and
N. R. Oswalt, Chief, Spillways and Channels Branch (SCB), HSD. The project
engineer for the model study was Mr. J. R. Leech, and model tests were con—
ducted by Mr. E. Jefferson and Mr. J. R. Rucker, all of SCB. This report was
prepared by Mr. lLeech with ~ssistance from Mr. J. R. Rucker and edited by
Mrs. Marsha Gay, Information Technology Laboratory, WES.

During the course of the investigation, Messrs. L. Cook, J. Farrell, and
H. Reed, US Army Engineer Division, Lower Mississippi Valley; and
Messrs. P. Combs, R. Robertson, T. Smith, B. Author, and S. Barry, LMK,
visited WES to discuss the program and results of model tests, observe the
model in operation, and correlate these results with design studies.

Commander and Director of WES during preparation of this report was

COL. Larry B. Fulton, EN. Technical Director was Dr. Robert W. Whalin.
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CONVERSION FACTORS, NON-SI TO SI (METRIC)
UNITS OF MEASUREMENT

Non-SI units of measurement used in this report can be converted to SI

(metric) units as follows:

Multiply By To Obtain
cubic feet 0.02831685 cubic metres
feet 0.3048 metres
inches 2.54 centimetres
miles (US statute) 1.609347 kilometres
pounds (mass) per 16.01846 kilograms per

cubic foot cubic metre
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RED _RIVER WATERWAY, 1LOCK _AND DAM NO. 4
STILLING BASIN AND RIPRAP REQUIREMENTS

Spillway Hvdraulic Model Study

Part I: INTRODUCTION

Prototype

1. As presently authorized, the Red River multipurpose project provides
for the improvement of the Red River and its tributaries in Louisiana, Arkan-
sas, Texas, and Oklahoma through coordinated developments for navigation, bank
stabilization, flood control, recreation, fish and wildlife, and water quality
control. The project consists of four distinct reaches: (a) Mississippi
River to Shreveport, LA, (b) Shreveport, LA, to Daingerfield, TX, by Twelve
Mile Bayou, (c) Shreveport, LA, to Index, AR, and (d) Index, AR, to Dennison
Dam, TX. Only the reach from the Mississippi River to Shreveport (Figure 1)
is pertinent to this report. Within this reach, the plan provides for estab-
lishing a navigable channel, approximately 227 miles* long and 9 ft deep with
minimum width of 200 ft, from the vicinity of 0ld River by means of a system
of five locks and dams that connects with the Mississippi River through the
0ld River Lock and Dam (Figure 1).

2. From Dennison Dam, the Red River follows an easterly course along
the southern edge of Oklahoma. forming the boundary between that state and
Texas, and continues eastward some 47 miles farther to Index, forming the
boundary between Texas and Arkansas. Continuing through Arkansas a short
distance beyond Index to Fulton, AR, the river then turns abruptly and follows
a southerly course for some 77 miles to the Arkansas-Louisiana State line.

The remainder of its course lies within the State of louisiana. At Shreve-
port, it shifts to a southeasterly direction for some 160 miles to its mouth
at the junction with the Atchafalaya River and Old River, 7 miles from the
confluence of 0ld River and the Mississippi River at Red River Landing. Since

1963, flow from the Mississippi River into the Atchafalaya systems has been

* A table of factors for converting non-SI units of measurement to SI
(metric) units is found on page 3.




regulated by control structures near the Mississippi River levee line where an
excavated channel carries outflow to the lower Red River. A 75-ft-wide by
1,200-ft-long lock at the mouth of 0ld River provides for navigation between
the Mississippi and the Red-Atchafalaya Rivers via the 0ld River channel.

3. From Alexandria to its mouth, the Red River traverses the floodplain
of the Mississippi River. On the right (south) bank, from the hills above
Alexandria to high ground at Moncla, LA, a levee that is part of the Lower
Mississippi River Levee System protects the alluvial lands south of the Red
River and west of the Atchafalaya Floodway. From Moncla to Lake Long, a local
levee provides partial protection from headwater overflows. The banks rise
35 to 40 ft above low water and in general are 700 to 800 ft apart. The slope
of the water surface below Alexandria is dependent upon the stage in the Red
River backwater area as affected by operation of 0ld River Control Structure.

4., Public Law 90-483, 90th Congress, approved 13 August 1968, autho-
rized the construction of the "Red River Waterway, Louisiana, Texas, Arkansas,
and Oklahoma Project," in accordance with the recommendations of the Chief of
Engineers as contained in House Document No. 304, 90th Congress, 2nd Session.
The Appropriations Act of 1971, approved 7 October 1970, as Public Law 91-439,
provides the authority to initiate preconstruction planning from the
Mississippi River to Shreveport reach of the project.

5. Lock and Dam No. 4 is proposed for construction in a cutoff canal
approximately 206 miles above the Mississippi River and about 65 channel miles
above Lock and Dam No. 3. The principal structure (Plate 1) will consist of a
lock with an adjacent gated spillway and overflow weir. The lock will be
84 ft wide with 685 ft of usable lengtk. The gated spillway will contain four
tainter gates, 60 ft wide by 36 ft high, with a sill elevation of 86.0% and
an overflow weir with three 100-ft-wide hinged gates. A profile of the
spiliway crest is shown in Plate 2. The crest of the hinge-gated weir
(Plate 3) is at el 115.0, and the top of the hinged gate in its fully raised

(closed) position is at el 122.0.

Purpoce and Scope of Model Study

6. Hydraulic model tests were conducted to assist in the determination

* All elevations (el) cited herein are in feet referred to the National
Geodetic Vertical Datum (NGVD).




of satisfactory hydraulic performance of the gated spillway structure and
stilling basin and development of design recommendations and to develop an
acceptable scour protection plan for areas just upstream and downstream of the
structure. The investigation included making structural modifications as
needed and determining the effects on the hydraulic performance of the model

structure.




PART II: MODEL

Description

7. The 1:40-scale model (Figure 2) reproduced the total width of lock,
spillway, overflow weir, and a length of about 2,700 ft of the Red River chan-
nel extending 900 ft upstream of the center line of the dam and 1,800 ft down-
stream. The spillway, tainter gates, overflow weir, stilling basin, and lock
walls were fabricated of sheet metal. The riprap protection was simulated

with crushed limestone.

Figure 2. 1:40-scale model of original design looking downstream

Appurtenances

8. Discharges were measured with an orifice plate and elbow meters
calibrated with a pitot rod, and water—-surface elevations were measured with
point gages. Velocities were measured using an electromagnetic velocity meter

calibrated in a calibration flume. Steel rails set to grade along the sides




of the flume provided a reference plane for measuring devices. Taillwater

elevations were regulated by a flap gate at the downstream end of the flume.

Scale Relations

9. The accepted equations of hydraulic similitude, based upon the
Froudia c~iteria, were used to express muthematical relations between the
dimensions and hydraulic quantities of the model and prototype. General rela-
tions expressed in terms of the model scale or length ratio L, are presented

as follows:

Scale Relations

Characteristic Dimension’ Model: Prototype
Length L, 1:40

Area A = L2 1:1,600

Velocity T, = L2 1:6.3246
Discharge Q, = L>? 1:10,119.29

Time T, = L1/? 1:6.3246

Dimensions are in terms of length.




PART III: TESTS AND RESULTS

Original Spillway Design

10. The spillway was adjacent to the lock wall in the original design,
as shown in Plate 1 and Figure 3. Model tests were conducted to determine the
percentage of flow passing through each gate bay with the spillway adjacent to
the lock chamber and with the spillway and lock separated by 69 ft of nonover-—
flow dam, as shown in Figure 4. The 69-ft separation provided a design re-—
straint to allow riprap to be placed on a slope against the downstream lock
wall as a counterweight. Figure 4b shows the riprap sloping from the top of
the lock wall to the channel invert. This series of tests was conducted to
determine the effects on the hydraulics due to the modification. Flow per-
centages through each bay, presented in Table 1, show a more uniform flow
distribution with the spillway separated from the lock chamber. Flow passing
through gate 1 (gates are numbered 1-4 left to right looking downstream) with
the spillway adjacent to the lock was reduced due to a larger separation of
flow at the spillway pier by flow through the ported guard wall. Based on
these results, a 69-ft separation between the spillway and lock chamber im-
proved the percentage of flow through each bay. The downstream flow condi-
tions remained unchanged and no additional tests were conducted with the
original design.

11. Riprap protection for the original channel alignment is presented in
Plate 4. Detailed velocities were not taken to evaluate the stability with

the original design due to the recommended structure modification.

Separation Between the Lock and Spillway
(Four—-Bay Structure, Crest E1 86)

Water—-surface elevations

12. After the section of nonoverflow dam was added between the lock and
spillway, water-surface elevations were measured with various discharges.
These data are shown in Table 2. Discharges and tailwater elevations for

these tests were given by the US Army Engineer District, Vicksburg.*

* US Army Engineer District, Vicksburg. 1985 (Nov). "Red River Waterway,
Louisiana, Texas, Arkansas, and Oklahoma, Mississippi River to Shreveport
Louisiana: Design Memorandum No. 29 (Revised), Hydrology and Hydraulic
Design, Lock and Dam No. 4," US Army Engineer District, St. Louis,

St. Louis, MO.

10




a. Looking downstream

b. Looking upstream

Figure 3. Original design
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Figure 4.

a. Looking downstream

b. Looking upstream

69-ft separation between spillway and lock
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Discharges were set, and the tailwater elevations were measured 1,600 ft down-
stream of the center line of the structure with all gates fully opened.

Plate 5 presents a graph of water-surface elevations versus distance from the

center line of the structure. Curves on this plot are left dashed for a dis--

tance of 200 ft upstream and 400 ft downstream indicating the zone of approach
drawdown and stilling action.

Hinge—gated stilling basin

13. The length of stilling basin downstream from the hinge-gated spill-
way was reduced 15 ft and the height of the end sill was increased from 1 to
2.5 ft. This modification provided satisfactory hydraulic performance for all
anticipated flow conditions. Observation of the model hinge gate operating
with one or two gates open shows an eddy in the stilling basin (Photo 1) that
could be hazardous to fishing boats, even with low discharges. Photo 1 shows
a drawdown behind the pier with one hinge gate open, a pool elevation of 122,

and tailwater elevation of 95.

Separation Between the Lock and Spillway
(Four—Bay Structure, Crest El 85)

Stilling basin

14. Additional modifications were implemented in the model at the
request of the sponsor. Modifications to the tainter—gated spillway involved
lowering the spillway crest from el 86 to 85 with the stilling basin remaining
at el 62. This modification created the same head on the structure as the
proposed Red River Lock and Dam No. 5. Energy dissipation in the stilling
basin was observed and performance was satisfactory for all anticipated flows.
Following recommended procedures,* the baffle piers were detached from both
training walls (Plates 6 and 7) due to pressure fluctuations and eddies that
could cause scour damage behind each baffle, as observed by the author during
prototype dewatering operations at several Corps projects, such as the 0ld
River Low-Sill Control Structure. Section B-B in Plate 7 shows the model
modification of the baffle piers. The left training wall, Section C-C in

Plate 7, was effectively reduced to a 9-ft height with the riprap sloping 1V

* Headquarters, US Army Corps of Engineers. 1990 (16 Jan). "Hydraulic
Design of Spillways,™ EM 1110-2-1603, US Government Printing Office,
Washington, DC.

13




on 2H, as shown in the same section. Satisfactory performance was observed
for all anticipated flow conditions with the reduced training wall.

Water—surface elevations

15. Water-surface profiles were reevaluated with the crest at el 85.
The measured elevations are shown in Table 2. Plate 8 presents the results.
Discharges and tailwaters were set the same as with crest el 86. The water
surfaces were slightly lower than with the crest at el 86.

Riprap protection

16. The riprap protection plan (Figure 5) was evaluated for stability
during both normal and extreme flow conditions using several riprap gradations
to establish failure points in zones of high turbulence. Riprap gradations
were provided by the Vicksburg District* and developed for a unit weight for
riprap of 155 1lb/cu ft. The 8l-in.-thick riprap blanket downstream of the end
sill of the tainter—-gated section was stable during various control flows with
all four tainter gates operating (Photo 2), with uncontrolled flows up to
227,000 cfs (Photos 3 and 4), and with one gate fully open (Photo 5) and one
gate half open (Photo 6) with pool el 122 and tailwater el 95. The riprap
thickness was then reduced to the next available stone size of 54 in. and
tested with one gate fully open. Photo 7 shows the failure that occurred
immediately downstream of the end sill for a distance of about 100 ft. Fail-
ure also occurred with one gate half open. Therefore, the 81-in. blanket
thickness was recommended for this area. Downstream of the hinged gates, the
blanket thickness was reduced to 54 in. and remained stable for all antici-
pated flow conditions. The extent of the 8l-in.-thick blanket upstream of the
tainter-gated section was shortened to 75 ft, and the blanket was stable for
all flows. Immediately upstream of the hinge-gated section, the riprap was
reduced to a 36-in. thickness and remained stable during all anticipated flow
conditions. The last four ports of the upstream guard wall were also pro-
tected with 81l-in.—-thick riprap. The recommended riprap protection plan is

shown in Plate 9.

* US Army Engineer District, Vicksburg. 1986 (Mar). "Red River Waterway,
Louisiana, Texas, Arkansas, and Oklahoma, Mississippi River to Shreveport,
Louisiana: Design Memorandum No. 29 (Revised), Hydrology and Hydraulic
Design, Lock and Dam No. 4," US Army Engineer District, St. Louis,

St. Louis, MO,

14




a. Looking downstream

Figure 5. Riprap protection plan (Continued)
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b. Looking upstream

Figure 5. (Concluded)
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Velocities

17. Plates 10 and 11 show velocities measured 4 ft above the invert of
the channel for controlled and uncontrolled flows of 35,000 and 160,000 cfs,
respectively. These velocities were measured along the interface of each
different blanket thickness. Additional velocities were obtained at middepth
40 ft upstream of the upstream guard wall (Plate 12) for three different un-
controlled flow conditions. Velocities were also taken at Section A-A of
Plate 11 for two uncontrolled flow conditions. These velocities, shown in
Plates 13 and 14, were measured in intervals of 4 ft off the bottom of the

channel.

Five—Bay Structure with One Hinge—-Gated Section

69-ft separation between the lock and spillway
18. A fifth spillway bay was added to duplicate the proposed structure

of Red River Lock and Dam No. 5. Tests were conducted to determine the
effects of adding a fifth spillway bay and reducing the original three-bay
hinge—crest section to one bay with a baffled chute. A plan view of the pro-
posed modification is shown in Plate 15. Figure 6a shows the modified struc-
ture looking downstream. A close-up view looking upstream (Figure 6b) reveals
the baffling on the downstream quadrant of the hinge-gated section. Six rows
of 4-ft-high baffle piers were placed on the slope of the downstream quadrant
of the hinge-gated section (Plate 16). Each row of baffles was spaced 8 ft
apart along the 1V on 2H chute slope, and the stilling basin was removed
allowing the downstream riprap to tie into the baffled chute. Figure 7 is an
overall view of the downstream channel.

Water—surface elevations

19. Water-surface elevations were measured in the model using the same
tailwater rating curve as in previous tests and are presented in Table 3.
Tailwater elevations were set 1,600 ft downstream from the center line of the
structure. Plate 17 shows the water-surface profiles. Water-surface eleva-
tions were slightly lower due to a larger cross-sectional area.

Flow conditions

20. Photographs were obtained to document surface flow patterns for
various flow conditions. Photo 8 shows flow patterns looking downstream with

only the hinge gate operating with a pool elevation of 120.0 and a tailwater

17




a. Looking downstream

b. Looking upstream

Figure 6. Modified five-bay structure with one hinge gate
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Figure 7. Overall view of downstream channel
looking upstream

elevation of 95.0. Photo 9 is the same flow condition with a view looking
upstream. The flow over the baffled chute began to spray along the fourth row
of baffle piers, as shown in Photo 9. Photo 10 is a view looking downstream
with pool el 120, tailwater el 95, all tainter gates open 1 ft, and the hinge
gate closed. The flow was fairly uniform over the entire channel width.
Photo 11 is a view looking upstream with the same flow conditions. There
again the flow was uniform across the channel with the exception of the stag-
nant area just downstream of the hinge gate. Photo 12 shows a view looking
downstream with all gates fully open, pool el 123.6, tailwater el 119.6, and
uncontrolled flow of 134,000 cfs. The flow concentrated along the right side
of the channel. Photo 13 is a view looking upstream of the same flow condi-
tion. The flow is slightly concentrated uniformly to the left side of the
photo. The eddy on the left side of the photograph had no adverse effects on
the riprap protection.

Velocities

21. Surface velocities were obtained for the approach flow conditions

19




along a cross section at the upstream end of the lock guard wall. A typical
flow pattern is shown in Plate 18 for a discharge of 134,000 cfs, pool

el 123.6, and tailwater el of 119.6. Notice the flow lines cr. —ntrated
toward the right half of the structure indicating a higher pe: ige of flow
being passed through these bays. Observation of the velocities taken for
surface conditions indicates lower velocities along the guard wall. Plates 19
and 20 present velocity measurements made at middepth and 4 ft above the
bottom, respectively.

22. The velocities presented in Plates 21, 22, and 23 were measured
along the interface of the riprap and represent surface, middepth, and bottom
velocities for a 160,000-cfs flow condition. The maximum velocity measured
over the end sill, 12.3 ft/sec, occurred at the surface for this flow
condition.

23. At this point in the testing, the width of the channel bottom was
increased to 200 ft from the lock guard wall to the toe of the berm at el 100.
Velocities taken in Section A-A of Plate 20 are presented in Plates 24 and 25
for discharges of 80,000 and 134,000 cfs, respectively. The velocities were
higher on the left side of the channel than on the right (looking upstream),
just the opposite of velocities measured before the fifth bay was added at the
same location (Plates 13 and 14).

Riprap protection

24. The recommended riprap protection plan for the five-~bay structure is
shown in Plate 15. The riprap remained stable for all flow conditions shown
in Table 3 and with one gate fully open, pool el 120, and tailwater el 95.
Also, the riprap protection remained stable upstream and downstream from the

baffled chute for all flow conditions tested.

20




PART IV: CONCLUSIONS AND RECOMMENDATIONS

25. Tests with the original design and with the spillway separated from
the lock with a section of nonoverflow dam determined that a more uniform flow
distribution passed through the structure with the spillway and lock separated
by 69 ft. Based on these results, the recommended design was to add a 69-ft
separat ion between the spillway and lock.

26. The height of the left training wall was reduced by 29 ft to 9 ft to
climinate the excessive portion of the free-standing wall. This reduction of
"t wall would reduce construction cost. The reduced wall height did not
i1 the hyvdraulic performance.

v Frnergv dissipation in the spillway stilling basin was observed, and
pertormance was satisfactory for all anticipated flows. It is recommended
that the baffle piers be detached from both training walls due to pressure
fluctuations and eddies that could cause scour damage behind each baffle, as
observed in the prototype dewatering operation of the 0ld River Low-Sill
Control Structure.

28. Satisfactory riprap plans were developed for the upstream and down-
stream areas adjacent to the structure for normal flows and the single gate
criteria. The hinge gate with baffled chute was keyed in with a riprap blan-
ket, which remained stable reducing the need for a stilling basin. Ripra»
downstream of the end sill was reduced to a failure point to give some idea of
a safety factor for the recommended plan.

29. The five-bay structure performed satisfactorily for all observed
flows. The recommended riprap plan, modified to include the fifth bay, re-
mained stable. The water-surface profiles for the modified structure demon—
strate a slightly lower water-surface elevation downstream of the structure.
Approach flows were more uniform than for the four-bay structure. The five-
bay structure will be used in the prototype so that the structures on Red
River Locks and Dams No. 4 and 5 will be identical. If care is taken to main-
tain similarity, these results can be used to guide the design of Red River

Lock and Dam No. 5.

21




Table 1

Percentage of Flow Through Each Bay

Discharge Tailwater Crest Percentage of Flow for Gate
cfs El _El _ 1 2 3 L
Spillway Adjacent to Lock
50,000 108.1 86 12.1 27.0 30.0 30.9
80,000 112.8 16.6 25.9 29.6 27.6
100,000 115.6 18.0 25.9 28.0 28.1
134,000 119.6 19.1 22.6 29.9 28 .4
160,000 122.5 20.1 23.2 28.5 28.2
200,000 126 .5 d 18.4 22.0 30.5 29.1
Spillway Separated from Lock

50,000 108.1 86 22.4 25.7 26 7 25.2
80,000 112.8 22.4 26.4 27.2 24 .0
100,000 115.6 20.7 26 .7 277 24.9
135,000 119.6 19.7 26.0 27.6 26.7
160,000 122.5 22.9 24.0 27.5 25.6
200,000 126.5 20.6 25.4 26.8 27.2
100,000 115.6 85 21.8 26.2 27 .4 24.6
200,000 126.5 85 20.1 26.0 29.3 23.8

NOTE: All gates were fully opened. Tailwaters were obtained from the tail-

water rating curve and set 1,600 ft downstream of dam axis center line.




Water- Surface Elevations

Table 2

Original Design and Lowered Crest

Distance Upstream of

Distance Downstream of

Discharge Dam Axis Center Line, ft Dam Axis Center Line, ft
cfs 1,000 400 200 400 800 1,607
Crest El 86
20,000 103.6 103.4 103.3 103.1 163.09 103.08
50,000 109.9 109.3 109.2 108.6 108.5 1C .04
80,000 115.6 115.3 114.8 114.0 113.8 113.3
100,000 118.1 117.8 117.5 116.2 115.8 114.9
134,000 123.3 122.7 122.3 121.2 120.6 119.0
160,000 126 .8 126.2 125.5 124.3 123.5 122.5
200,000 131.2 130.5 129.9 127 .4 127.0 126.0
Crest E1 85
20,000 102.6 102.6 102.5 102 .4 102 1 102.0
50,000 109.8 109.7 109.6 109.2 108.6 108.1
80,000 115.1 115.0 115.0 113.9 113.4 113.0
100,000 119.1 119.08 119.0 117.3 117.1 115.6
134,000 123.6 123.4 123.4 121.6 121.0 119.6
160,000 126.7 126.5 126.4 124.3 124 .2 122.5
200,000 129.6 129.5 129.4 127.6 127.5 126.5
227,000 132.2 132.0 132.0 129.8 129.4 129.0
NOTE: Tailwater was set 1,600 ft downstream with gate fully opened.




Table 3

Water—Surface Elevations

Five—-Bay Structure, Crest El1 85

Discharge
cfs

20,000
50,000
80,000
100,000
134,000
160,000
200,000
227,000

Distance Upstream of Distance Downstream of
Dam Axis Center Line, ft Dam Axis Center Line, ft
1,000 400 200 400 800 1,600
102.5 102.4 102.3 102.1 102.1 102.0
109 .4 109.3 109.0 108 .4 108.1 108.1
114 .6 114.5 114.2 113.8 113.5 113.0
117 .4 117.2 116.9 116.4 116.1 115.6
122.6 122.2 121.6 120.2 120.0 119.6
125.2 124 .8 124 .4 123.5 123.2 122.5
130.2 129.9 129.5 128.0 127.8 126.5
132.8 132.6 132.4 130.4 129.6 129.0

NOTE: Tailwater was set 1,600 ft downstream with gate fully opened.




uorjeiedes 33-69 29Uyl YITm ‘Ge 19 Ia3emIel gzl 1° 10ood ‘usdo a3ed adury sup "1 o304d




$30 00¢ ‘(G @91eydSTp
‘66 T1° 1o3em(Tel ‘gzl T°o Tood {13 # uado sea3eld 1sjurea TTe ‘uado so3ed 9duty 11V ‘'z oaoyq




S32 000°00Z mwumnomﬂv '6°GzT 1° ae3emIIey {¢°gZl I° T1ood ‘uado so3e3 1IV "¢ oaoyd




$30 000001 @23aeyosIp 'GIT I° I°3emIIel ‘g1 1° 100d :usdo ses3el 11v % o3oyd




weailsdn 3urjoo] !Ge 1o i93emyrel 'zZ1 T° Tood fuedo A[n3y 23e8 133ulel BUQ ¢ 030Yd




weailsdn Fuiyoo]

'G6 T@ I23emyIEl !ZZT 1° Tood ‘uado jyey °3e3 i9jurE]

aup

"9 o3oyg




weaxlsdn Fuiool
‘cp 1o aA93emiles ‘gzl 1° 1o0d ‘usdo A1In3 2383 auo o3 onp aanyre3j aoquelq deadia "ui-yg /7 03044




wesi3sumop ZuriOOl {Gg 2@ I193EMITE] ‘0CT 1° T1ood !3urzeaado o388 a3ury g ojoyg




weaiysdn Fuiyool ‘Ge 1o i93zemyiea ‘0zl 12 1ood :Suizeiasdo 931e3 93uly ¢ o03l0yd




weaxlsumop Furiool G 9 Ia3emyIR] ‘(0ZI 1° 1o0d 33 1 uado sa3e8 1ejurey !pesoyo #3ed aduily ‘(1 oaoud




weaijzsdn Juidool g 1o Io3em[Iel ‘0zl 1° 1ood ‘33 T uado seaef asjutes !pasofo 23ed ¥3ury 11 o3Ioud




, . weailsumop BulNoo]
'$30 000°‘ng1 @3aeYOSIP {9 gl 1° I93eMTIE] !9°g¢l 1@ 100d ‘uado A1In3y so3ed 1V 71 o30yd

oy L oamne

roxmNae




weaxlsdn Fuinoof

1S30 000'vEl 28aryUosSIp 9 g1 T° I93em[IR] ‘g-¢z[ T2 1ood ‘uado AT(ny so31e8 1V {1 ©30uUd




ININNODITTY 13NNVHO TVNIDIHO

1 §'69+G1 03§

03S

7 009+v -

: :
: ;
| |
|
I''r- r
Ir ~:U .

-~4

| 4 ﬁq a44ﬂﬂ%1ﬂ44 ™ #

..».k>p.,.,. i

4014

ﬂl«l.__\l‘N ,w,,ww/ T 1\1;4}4\4,,1,,\.41\

P \ \ \WM \a1 ,‘.Av Ly v L |

L \\\P Ik f: L L
ST TIT

R S S H: ,HIWMH Wwﬂ

4Lr_

11T

LR S B SRR s S
' .
'

l@a.ﬂh::»:»::__

i

I L

PLATE




NOILJO3S TI9¥3IdAL
AVMTIIS

+0-801 ~0-.011

|
L R T — L _A.oJom_ v*

2/1 9-€

26 13 ~m\.n 9-,21] 0= ——— N9E+2-ViS
,,,,,,,,,,,,,,,,,, . 04 L3%NvTE
) —= 23 13 u.q_ Td ~ SNOIA¥3dHT S

1%2]
Z 3 >
~,Q1 -~ ‘rw;m
0-.01 — 6 m d4,0-¢
-
3 PN AOF- = X 018 13
- HOTd @ 8/€ TEJ S5 TY
3 0-8 — |- '
4 w
o - NGINNNAL 0§ >
0-.5¥ — J0-,LE ——d l._.urli 03 o
o T < o8l . 073 _ i
0~ . 2
Il E
2
el 13 22t Jj w
FEN L. S§9¢T 13

_
:
\ :
(.8X.8>43UAID NOINNIaL E
NOINNAYL 403 =
] [
_
.
t
|
!

D= =

|

837 13

PLATE 2



1S3HO A3LVO-IONIH JO NOIS3A TTVYNIOIHO 440100

~= 3d 133KS

NOLLOZS TVOIdAL o ‘R _

to———— ,0'0€ H__I S'v8

0 e o ;

P 0'817+0 °$S

\ ' 7 $'960 ©03S

TP D AP L P X ey noi.-

B K P X

AHIINOTO LS3HO AVMTIHS
SE'YL !.l[l;l—
SIXY_Wva %»l :
;|ﬁu;/ Hw_hm 3ENL 3N0¥0L % - i
001 u_u; TN l m‘%u ” &
- | _
_ , o , 'S
; ﬁn = oX- .\Vu/mu ST T e e G — - Mu
091 = b "o P9TL Loere

‘ v

2
2

PLATE




NP4 NOILO3L0dd dvadld
ININNDITV TINNVHO TVNIOIHO

.'M.M'-Mf- pog

-

7 ===

JTTLL DI T LD I TITId ~

"40Td

PLATE 4




FANLINALS AVE-dNO4
N3dO A1N4 S319D T
098 13 1S3d0
S3I40Hd IOVIHNS-HILYM

WYFALSNMOT 14 0091 01 WY3d1SdN L4 0027 WON4 Q3NNSY3IW S1 3OS TWINDZINOH NO 3ONYLSIQ @ 310N

14 ‘3aNL0NALS 3HL 40 3NIT J31IN3D 3HL WOd4 3JONVLISIA

0091 0021 008 0o 0 o0ov 008 0021
| | | | | | Lo
$40 00002 = B —E— - R '
S42 00005 = D—po . PR
© ———e———— o
~ o o
$4D 00008 = © —o . >
40 000001 = O—%—n O o e =
||||||| 0
$40 000%€ET = B — o S A — 0
T o 02l §
$42 000091 = o— . T e 3
S42 000002 = a’*l/vmfvma ,,,,,,, —— =
||||||| m
TR T
D <
pg
—
o
| =
= 0vl -
—
L gt

PLATE 5




3-3 GNY ‘8-8 Y-¥ SNOILID35
TYM BNINIYELD 3HL fesczce — 5L l?l cee - B9 - - —efme —— . DBY - e - - T
0L INIO9PQY SH3 Ty T A S .ﬁ
34499 4TI9H-INDO H1IM L e S TN _ﬂ - N -

L 71.0‘ N
o
1
I
(D

JHNLONKLS AvE-HNOd 4

A= Sta. 0+740 D
TOP PF STILLING BASIN WALL E

IR 3

T

S U VS 4

l
\

+
{

J018+0 "03S m
(WIIdAL> ATIND T

4314 "1ndv

SS3JDV ¥IVLS ﬁﬁ
/T !
Svl

$S303¥ NI J3AAYTH —=

T 0'8L+0- cvn_

_A e e~ — 0082 =

Te mv+ow '

T T

.08 » SH3[d G ONY 009 = S3[vD ¢ —

e

|
i
|
o T e T e R
000D Sogo
1 [ B e T cnts B e B B
] ,‘;Eﬁm - |
Y Yo m
T TR ss eET TTTT
WAL AWD | : ,
¥3]d ILIVICIWNAIUNI TL.L ¢ ¢L,,

SESEE
I IS
o
»ﬁ JRE

¥04 £ 3ivhg 335

\o_nu;.

T

STILLING BASIN wALL €L 1330

o

TP aF

PLATE 6




|
|
b 85 -I- 8.5’ -l— 8.5 e——— TYPICAL

n=— EL 710

~—— EL 710

€L 620

SECTION BB a
(=]
¥
A
° L
= 4
> - i
, > A~
\ i 4 tqo G
A —EL 710 47 & N o T
) . - i T 4 ("?'Q Q/:/ -
v, T s OQ\’ '
I L,./, /}/ @b 4 Iy QO P
€L 620 - W.v£~-, B = /i & O' 0//_ -
- - | Q L —
) T "
- e~
F £
A
£ %28 - s s 4 L s aaw s ke fa
aad S 5TIOING BASIN MINDUITH - - 690 SEPARATION — - — ==
T
g ot ~ o~

CROSS SECTION OF BAFFLE PIERS
AND TRAINING WALL




JANL3NALS AVE-3ND4
N3dlO ATIN4 S3LvD T
0S8 13 18343

S31IH40OH"d IOV4HNS-H3ALVM

WY3ALSNMDT 14 0091 D1 WYIHL1SdN 14 0021 WOXM4 QINNSYIW S1 3T9IS TVINIZINOH NO 3INYLISIQ « 310N

14 3aN10NALS 3HL 40 3INIT AFINID 3HL WOd4 3ONYISIA

8_9 872 oo“m oﬂ 0 00¥ 008 ooz
| | | 4
T T 1 A llllblf’“‘<|t4|lDDﬂ
S43 00002 = D—¥- ’I\/Nl.‘fv_\lf-!lf-wmwb T Y
S40 00008 = Ol N R ﬁ
TR e
S40 00008 = OI@/!@!‘( ~ >
S4J 000001 = O—o— T e T >
S40 000%El = O T ;
4 YEl = O—g S ¢
S T —— Foet
S40 000091 = O—o IR ©
I -
S40 000002 = O—&— B PN 0
e - ™
S42 00022 = 0D N VN — |
B TR B el [0
| ¢ N m
VAN <
%
.
- 061

PLATE 8




SHLVO FONIH € SHLVYD AYMTILGS b
NVd NOLLO31OHd dVHdIH A3AN3ANNOO3H

(%] o “ L% 1% v (%] w 1% (%)
o o+ o+ 4 & o o + o+ -
o [ © © P- -1 © ] © -]
4 w + (%) — o ' 1 ] 1
+ + + 4 + + - w o e
] ~ e S @ A + + +
& S Pet + & ® o o @
o] v u s n i 2 o

i _ | : i _ _ _ .

i o !

Y

\
.
.
v
B S S

oset 13

‘MMMWHHMHHM.w

\MHHHHHHHHHHMHH ovnt 13

| 218 13 Muw\l!WwwaMW
AL LD

—_——— el e

T S5 B S s s S S 8 g v

S T T O O R A O

0ger 13

LT
o

91

—
;rf,l
I

VA I EE
N N N A A A R A A A R

PLATE 9




G6 13 AFLYMIIIVL
22l 13 0Gd
NIdO A0S S3LvD Z9NIH

TINNYHD 40 WOLLDE 3A08v L4 ¢ S3ILI2073A

14 ¥ SONINIZdD 31Y9 d3UNIvL
68 13 1S343
S420 0C00'GE 39AVYHISIA
S3ALLOEA NOLLOE “ o« “ w 9 “ 9 o 9
& s 8
Ll | I |
H.iHDr//NM
oser 13 £l | P HMNMHMHWM,. !
T AlIE RS
A\HHHHHHHHH\ e v 2 ﬁnm op1l 13 ‘y
T =S ERRRRERS!
\ma\“ : ﬂ«Af g Tl L e [ M— LT TITTT T
= — 1€ —9T =1
] il —¥c —8¢t g2t .
—9g —6€ IR mnﬁﬁ —22 odaJulllliaJm
-1 —8€ ¥'2 /ﬁm |dwll
- ahhh _WHMQTWHF:HQA//l .
e -klt;+wccwmmmmls_‘ S ——— i 1%&1 e T e 000 s
. H g : - _, , L % AT S S S S . S 8 s M%j,lﬂ\ﬂfq\ﬁq:,« T
| ﬁlh J/f% _,;.P, T S - Flp 002t 13 ub L ~ .| | : ! | ,
Uit _ Al

Ve
O o O

LTI

g9€t 13

310N

10

PLATE




G221 13 A3LIVYMIIVL

‘v ONY E1 S3LvId NI NAOHS 33v ¥-v NOIL23S 1v S3IILI0073A

921 3 0ud T3NNVHD 40 WOLLOE 3A0EY 13 ¥ S3ILI20T3A 340N
N3dO AT7IN4 S3LvD 7Y
G8 13 LS3d3
S43 000091 393vHISIA
S3LWOO0T3IA NOLLO8
] )] u @ 2] n =S o
I || I |
- !HHHNUUUH,
il = o IHHH!/N:
® 2 ) /w”
&d 5" - ow:, a3 B L *
ET T T I TT T b
= e s S
in ﬂ)d:ThHGﬁi
| 290 =8 | vos 13 0Hd
2L 89 66 ~egl T8
N QT T[T feld [ T T VERE ] B
0040 038 1M¢.u JMHIHMM WLI e 13 - Tt —— = 0040 D35 -
LTI T
N — - - ! : i ‘ : | | : _ i
~L NN, . ,°§ " @Hﬂnh bidddddtiaddi 5 L
L7 LI T I T T I I T T I L I ITII
S'9€1 13

11

PLATE




N3dO ATN4 S3LvH TV

TIVM QHVND NOHL WV3HLSdN S3OO0T3A

9’611 13 4a3omyo)
8'91 13 43dappiW
0'06 13 woy3og

9'GIT 13 4330m)0]
S'%T 13 Y3dappiW
0'06 13 wo330d

‘303 3Y} WOUF S)0AUAIUI 13-0F 30 PUD Y3dapPIu UBXHDY B4aM S3I}ID01BA

0'Ell 13 Jazomyog
§'21 13 43dappin
006 13 woz3og

© 340N

T

9€21 13 1004 0611 13 1004 0'ST1T 13 1004
wuudmdﬁn« $4J 000°00T §33700008
[%] 1% (] [Z N %) 123 v v (%]
o+ o P g o o o 1 L Pad
] -] [ -2 -] -] =] -] -]
~ wn » - o ] 1 i ]
L3 X I ¥ Y 3% ¥
& b » > o ® o o o
n o o [4, B'N bt o N o
| | _ _tI ! |
gser 13 Lv!l
006 13 1P = o I
o
oFIr 13 2 e A ]ov
o wl— -
TTTTITT
30] T!w@ o P [
- fend T --8C 99 mN
-“-8s oL ¥L
018 13 _ -8y 19 29
18 13 . _
018 = 0oe 13 _ -2¢ €9 ¢9
o -29 ¢/ ¥,
AIT T T T peds T 1D | -vs 9 1
o - ) -6E £y g
——m———_ - — ) B - - - — = = ~—tr - - = — - - - T T e -6 [~ 5 €6 —00+0 ©3S
‘ B l._m L €8
T 1T 17 ) N A | m ALy RE.
TS ) CaT.
- b , 0000 00p'PE1
~ . o021 13 A f Lﬁ b ~ h , 0 "
- 1 A » doddd

AT T TT

LTI ITTIT

S'9€T 13

I

|
l

12

PLATE




S43 00008 3IDAVHISIA
NAdO ATTING S31vD 7%
JANLINALS AVE-dN0A

TIVM AQHVNO KO
WV3HLSNMOQ S3WOO0T3A

e

vV-¥ NOTIO3S

'WORL0G0 AU} 440 33 + JO SI0AJLDUl Ul PUD PUODAS uad 3334 Ul P3JNSVAU S313ID01@A I[N

Ve \ \ Ve \ \ e
L~ i pd A
018 3
L9+ 29e S'Ge leo_v
£8° 8e 0'9e !ﬂ — o
58 T6s £ ~.
J | Zer g6e Zee -
— | rol. 66 oee ~. -
— £01 ToTe g6 N

S1er 13

w .
| NOM puong .~ )
w

]

oer AL

N——
oyl 13

/

]
|
[
|

13

PLATE




S40 000YET 394YHISIA
N3IdO A77IN4 S31vD 179
FANLINALS AvE-dNCLA
TIVM GHVNO WOUH
WV3HLSNMOQ S3LOOT=A

|

V~¥ NOTLJ3S

W00 Y3 340 33 § 40 SIDAUILUL Ul PUR RUODAS 4ad 3334 Ul PAUNSTVAW S0

A

\\ \
_ L L
018 13 _
v _ rge 29¢ p'ge —1 .
| _ £6e v'ge Tge uoﬂlv //
| A_ pee a8 8. T
J w 00t 96e 32 -
< | TOle ol 88-
j _ ¥'0Le 201 6'8e
! gole £01e 8. T
” +\\ 601e L'01» r8e N
g i e —
m nom pudong —— | ool 13
k | S ~ S
ﬁ S AN 961 ML

v

A
\ yd ’ \\ \\ L\ ;7
|

ALEN

e

14

PLATE




3ALNHO F1ddvE ANV IHNLONHS d31VO-3AH HLIM
NV'1d NOLLO3ALOHd dVHdid A3IHIGON

PLATE 15




ALNHO T 1d4d4vE HUM 1S3HO d3LVO-3IONH

LIRN

NOILJ3S "IWOIdAL

0'8y+0-

-
!

Lo
- [ 2
.Q.in-.lfn-rn'..n..l“mm»ir,ﬂﬂﬂu.iﬂm—ﬂu-rh'-.n...-u.i.tﬂ.n, Ju'..ll.. { —
B A OA. K A BAL / . o _
0’18 13 - — I HIVE ONYS v

AT IEPSTY T PN PRI TN T LY PR

S-SR O:g SO g e
oo W W, W.W.0.%
2 E K Y IOAH ¥ AR
oo Veovs W%
0otr 13

oETT T3

V9 30401 voet 13

AALAWIED 1S343 AVATIIAS

|

\ ,/
I E \ RN 7 !
! |

SIXY W¥(Q w /i e /I

3gNL IN0ADL 3 N

A\
‘1'd
" X

. g
| .
! ]

A, m /,«/, e e BTG o e L..m
M )DN! = Nx,; UQ'\%’LTV%& e

om0 0T gy

PLATE 16




WY3ALSNMOT 13 0091 0L WY3dLISdN 14 0021 WON4 INNSYIW ST 3TWIS TIWINOZINOH NO 3ONviSIO ¢ 3.0N

JANLINALS AVE-IAIAS
N3dll A1IN4 S3LvY 17
068 13 LS340
S31HOHd 30V4HNS-H3ALVM

L4 3dNL3NALS 3FHL 40 3NIT ¥3IINID 3HL WOd4 3ONVISIA

0091 0021 008 00% 0 00v 008 0021
g — T LT T

$40 00002 = O B ey - - SURMEENNRSI G

|

*

$42 00005 = OB J/ﬁl‘x ........ N . W
R TR bonn
S4J 00008 = 9O——— o o _ >
$43 000001 = OG- © o m
. D S &
S40 000El = O o —02l &
$43 000091 = 00— o S A S 7
T e o O
S42 000002 = ovanJflngLm!/ _ =
$42 000422 = O N2 B m
A lvA(}\Vm ....... R Iz.i,wmfromﬂ M
TR e 5
-
—orl

Looost

17

PLATE




N340 A7IN4 S3LvD T
JINHO T44VE ANV IHNLONHLS G3LvO-3Ad
S3LWOOT3A 3OVIHNS NWYIHLSdN

y

0€ll 13 J3LVYATIVL
S'21 13 HLd43AAIN
006 13 WOLlDE
0'S11 13 1004

S0 00008

1334 Nl

9611 13 JALVAIVL
S'vl 13 Hid3TAIW
006 13 WCL1108
061l 13 700d

$40 000001

f
.

218 13

006 13

SNOILY~373 310N

961l T3 HIUIYANIVL

891 13 HI43AdIW
006 13 WlL1D8
921 73 0Cd

S43 000¥EY

/1,4/ - . W - -
LI T Ty

JEN SR &

I
.
|

L RY N S A RV I}

0 DODC) QUMD
1 ¢ O 0 D 0
SO T o DAD P e e T

ENTOR R S RV LN

R L9
00g001 000'vE T

18

PLATE




N3dd A77N4 S31v9 v
AUINHO 314dvE ANV SHNLONHLS A3LVO-3INL

H1d3AQIW LY N3XMVYL S3TLIoNT3A

1334 NI

mm—.._|_0AVI.—m> T—l—..mmoo_i 2<mm-—-mm3 Qm..: 13 d319ATIvL w.m.: 13 d3i9AIIVL

S'21 13 HLd30-AIW S¥l 13 Hid3A-GIW

006 13 WOLLDE
0GIl 13 103d

S43 coo‘o8

006 13 WOil0d
oell 13 0d

$43 000601

022t 13

Coe

--—-0%
13

T [ BRI | OY
[

(\.H\o(\sl\_(‘lm\c\
O ¢ ST

et VS ) o

SNOILYA373 310N

S6IT 13 ¥31vAlvy
B'91 13 Hid30-Qiw
006 13 WOL138
FE€21 13 004

S43 0OCPET

r,
)

PO DD R IUNOD YYD P P
NETOUT TNNTTNT T ¢ T
'*t”?@m@ﬂ% QLAQUON ¢ DY
kovmvmm\cruo\c\ur\\o\mmm\

i

060°0GI  0DO'WET

T ﬂjﬁ-ﬁ g

.!Ll!»’ S - L L’iL, S

—

PLATE 19




S22 ANV $2 S3LVvId NI RAUKS 3av v-v KNOILD3S 1v S31LI007°37

ZM&D >J_JDL A;m _.QJ JJ.Q WOLL8 MENNYHD 3ATEY o4 ¢ NIVL S311I0000C
- - 1334 NI SNCIZWA 313 V310N
F1INHO F144vE8 ANV IFHNLONHLS d3LVO-3Ad
CEIT T3 A3LYMTIVL 9GIT 13 ¥31vATIvY 9611 13 A3IYMIIVL
S3LOOT1EA NOLLOE NVIHLSdN G'21 73 HLd3GaIW Sl 13 HIdHQGCIW 891 13 HId300IW

006 13 Wdii0§ 06 T3 WELLUE
g6ell 13 1304 9ret N3 lid
47 000001 47 Go0vet
TY v
A T v 7 Y
" i i mia 1 4 . .
21 73
YT T YYOYOYOY
7 I
3 i " 1 N i 4
oL - PG R 4 G
- -6y I3 Ry
- -$Q ¢ 94
- g% vE €5
- -9 e AR
- 3P =84 Qo
- Ly Ly ]
AR TR - 27 LA [
- HAr I 4 L AN
- LY - F 8¢
- Rt SF 3G
- Uy ¥ (3
- 9 R L3
- 00 Gf ENY
- "] 138 4 [
- s - 9 [ 4 [° s
, tre 3 - v ot 18]
- — INCoR 007081 ann‘eet
i e - [ —- i S | + v -
TTT gﬁ rp S : |
|
| ! ) : i . i —
I _ ‘ " X i , : | ,Y : N .
oo oy M
i ,‘_, . i
W ,_,,j,_,, F - - A
i u P | i | A FS b A
i H ,ﬁ h i V ‘
i i A A
LAy Adld \, 4

PLATE 20




s TS
pesssainsnatinnning);

N3dO A771N4 S3LvD 19
G'22l 14 d3LVMTIVL
9921 13 00d
S43 000091 393vHISIA
0'G8 13 1830
AUNHO IH4VE ANV SHNLONHLS A3LvD-3A
S3AWLDOT3A 30V4HNS

T

4334 NI SNOILPAZTE 310N

4ﬁ7ﬂ44

B AN

gect 13
1 TTTTTYYYTOY
g2 [4 - H -——198 -8s i ! _ }
0001 13 \@ mm 52 i o8 ~t-69) | Ao o4 L
B R el a, =V A R W D
— )W\x T OIMmtléstIv% ! oo
4‘ ¥ - ‘Jv H 4‘ P —6 P FE T nm, —en \Llln.m
N A 1 b —ony—g o 18 —am =66
PR SRR S . g | _ - G
018 13 a1 et SN E o 4TSN o0s 13
~—28[ /g el.-4 |58 -6
Ilim”m ——C8CT o - m.rm»!\ T
—¥ . 08 ag ~Toe , e
- ll‘ -
ol 43 X 99 =~ {6
8 € ! L
o e ~—-4 ToT mu\mw : - D
T ,
— [ Ty — P B S S e S
1 ﬁ_ Suuds BRSNS - 006 T3
_ e T ’ ’ 111':_;uﬂﬂla v
” | - ] ,
_ | i _ < \ L :

PLATE 21




NIdD A7N4 S3LvHD T
G222l N3 d3L9MTIIVL

9921 13 100d
S42 000091 30dvHISIA
0'G8 T3 18340
AUNHO I44vE ANV IHNLONHLS d3LVO-3AH
S3WDO0T3A HLA3AAIN

S L \l\Mﬁ‘\H» - _m

e TR
| ] e
O R S e S O
| {0 k Py
4 ! _ i i | . I w

! H ! _ : | _ | !
W | T ,_, _ | \F, Ad S

, | ! ‘

X RN ; Fx‘»
A id L4 Ala 4 -

133+ NI SNOILY 373 310N

PLATE 22




N3dE AT7TIN4 $S31¥D 7Y
G'22l 3 d3LvMTIvL

991 113 190d
S43 000091 3D3VHISIA
0'G8 13 1S3d0
31NHO F1d4d4VE ANV 3HMLONHLS Q31VD-3AS
S3LOOT3A NOLLO8

asngl

WOLLi(E T3NNYHD 3ADEY L3394 ¢ NI®vL S310I0074

1332 NI SNCLaws 303 4N

TTTT Yy

RIRERED

1

: i ; : ; i
- P!‘IL SO S S S i

4
[ I .

|
| ;

RERREINRREN

PLATE 23




S40 00008 39d4¥HISIA
N3dO AT1N4 S3LvS 1Y

FANLINALS AVE-3IATS

TIVM aHvNO WOU4
WV3HLSNMOQ S3LLOO0T3IA

\\\ \\\ \\\ Ve \\ -
l.\!!ik‘.\l v EN¥‘|N§.
| 25
' 2
,
i
|
i
|
—
|
+

YA
6L
8L
6L

-

_
|
! "grer 13
M
)
]
)

V- NOTLO3S

'WOREO0 AU} 340 34 H O S|0OAUIRUI Ul PUD PuUODAS 4ad 3334 Ul PAUNSDAW S3(3iD01I/

or

-~ 068 lL

16
69
6'Le
S8
88
€€

Tys
A
98
2’6
2'6*
L6e

0Etl Mg

0001

a3

"3LUN

PLATE 24




S43 0007€T 303VHISIA
N3dl AT77104 S3LvY 1%
JANLINALS AVE-3ALA

TIVM QHVNO NOHS

‘WO330Q 33U} 440 34 $ JO SIVAUILUI Ul PUT PUODAS 43C 3333 Ul PBUNSNIW SBIRII01IA

s

-

WVY3IHLSNMOQ S3ILLOOT3A
v-¥Y NOTI33S
\ . y )z T 068 u‘A P
018 T3 \ v e “
S
89+ 2g. [ ,%ﬂl -
ze 26. L6 Iﬂ|,
£g g6 96
» ggr Zo1e 20%
< g8 Zo1e 60k
— 9ge £0te T
. L8 Lot 2
g8 601 vl
nom paong —— |
- AN T T T T een AL

0001 13

310N

25

PLATE




