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PREFACE

Hydraulic model studies of the intake tower and regulating outlet for
Lost Creek Dam were authorized by the Office, Chief of Engineers, U. S.
Army, in the 3rd Indorsement, dated 1 November 1968, to a request from the
District Engineer, U. S. Army Engineer District, Portland. The studies
were made with two models at the Division Hydraulic Laboratory, U. S. Army

Engineer Division, North Pacific, during the period July 1969 to March
1975.

During the studies personnel of the Office, Chief of Engineers, North
Pacific Division, and Portland District visited the Laboratory to discuss
test results and correlate them with design work in progress.

The studies were conducted by Mr. T. D. Edmister, engineer in charge,
under the direct supervision of Messré{“ﬁ.<§jvThéus, former Director of
the Laboratory, A. J. Chanda, former Chief of the Hydraulics Branch, and

P, M. Smith, then Chief of Structures Section and now Director. This

report was prepared by Messrs. Edmister and Smith.
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CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT

U. S. customary units of measurement used in this report can be converted

.
to metric (SI) units as follows:
L Multiply By To Obtain
inches 2,54 centimeters
feet 0.3048 meters
miles (U. S. statute) 1.609344 kilometers
square feet 0.092903 square meters
feet per second 0.3048 meters per second
cubic feet per second 0.0283168 cubic meters per second
pounds 0.4535924 kilograms
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OUTLET WORKS FOR LOST CREEK DAM,

ROGUE RIVER, OREGON

Hydraulic Model Investigations

PART I: INTRODUCTION

The Project

1. Lost Creek project is at mile 153.6 on the Rogue River about 26.5
miles north of Medford, Oregon (fig. 1).* The project is a rockfill dam
with a chute spillway, an outlet works, and a two-unit, 49,000-kw power-
house (plate 1). The dam creates a 3,430-acre, 10-mile long reservoir with
315,000 acre-feet of usable storage with maximum pool elev 1872.*% The
reservoir is to be operated to provide flood control, irrigation, water
supply, fish and wildlife enhancement, hydroelectric power, water quality
control, and recreation. The Corps of Engineers is responsible for design,
construction, and operation of the project. The Bureau of Reclamation will
manage irrigation.

2. The dam is 345 ft high and 3,600 ft long at crest eclev 1882. The
spillway is in the left abutment and has three gated bays with crest elev
1823, a partially lined chute, and an unpaved stilling basin. The design
discharge is 158,000 cfs. Estimated use of the spillway is once in 45 to
50 years. The outlet works, located near the right abutment, has an access
bridge, intake tower, regulating outlet, and power penstock.

3. The intake tower is a 271-ft-high, free standing concrete structure
with a 33-ft-diameter wet well that supplies the intakes of the regulating
outlet and penstock. Flow to the wet well is regulated with twelve 8- by
15-ft intake ports, which are to be operated fully open or closed.
Selective use of the ports will permit selective withdrawal from the

reservoir for water quality, especially for control of turbidity and water

e

* A table for converting U. S. customary units of measurement to metric
(SI) units is presented on page iii.

*% All elevations are in feet above mean sea level.




temperature to enhance the fishery downstream. The tower also has a bypass
system to divert water to the penstock when the wet well is unwatered for
inspection or maintenance. Flow will be bypassed through the penstock
bulkhead slot, which has a 12- by 6-ft intake on the exterior of the tower
at elev 1770. The bulkhead slot is oversized to pass a discharge of 2,100
cfs. An inlet to skim warm water from the reservoir surfa-e for the fish
hatchery adjacent to the project is attached to the tower.

4. The regulating outlet is a 12.5-ft~diameter tunnel that spills
into a rectangular chute with a flip bucket. The tunnel is designed to
pass a discharge of 10,000 cfs with 15 percent flood control storage (pool
elev 1823). The maximum design capacity is 11,430 cfs (pool elev 1872).
Flow is regulated by two 6.5- by 12,5-ft slide valves in the intake section
of the intake tower. Head on the valves will vary from 111 to 232 ft.

5. The power penstock is a 15-ft-diameter, steel-lined conduit with a
concrete intake in the intake tower. The penstock connects to two Francis
turbines and has a discharge capacity of 3,000 cfs. The system is

protected from debris by an intake trashrack in the wet wall.

Need for Model Study

6. The proposed regulating outlet structures were to have a combined
intake tower to provide releases through the penstock and the regulating
outlet. The tower was to permit temperature control of all normal
releases by selective withdrawal. The model study was needed to confirm

the hydraulic design of the structures and to assist in the development of

required changes.
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PART II: THE MODELS

Descrigtion

7. The studies were made with two 1:40-scale models. One model
reproduced the outlet works and powerhouse. The other model reproduced
the intake tower bypass system.

8. The outlet model reproduced a portion of the forebay and 200 ft of
approach channel, the intake tower, the regulating outlet tunnel, chute
and energy dissipator, the upstream portion of the penstock, the power-
house, and about 450 ft of downstream channel. A layout of the model and
details of the original design, which had a hydraulic jump stilling basin
instead of a flip bucket at the end of the outlet chute, are shown in fig.
2 and on plates 2 to'9. The intake tower, tunnel, chute transition, center
baffle in the stilling basin, and penstock were constructed of acrylic
plastic. Topography adjacent to the intake tower, the outlet chute and
stilling basin, and the powerhouse were made of waterproofed wood and
plywood. The downstream channel was molded in concrete mortar between
sheet metal templates and was stippled and roughened with grouted gravel
to simulate rock excavation.

9. The plastic and painted wood surfaces of the model had Manning's
"n'" values of 0.0080 and 0.0082, respectively. When converted to prototype
terms, the resulting values, 0.01479 (plastic) and 0.01516 (wood), were
too rough to simulate the prototype design value of the chute, 0.010.
Therefore, supplemental slopes were added to the model to create computed
specific energy, depths, and velocities in the chute at the design
discharge of 12,000 cfs. Roughness of the model tunnel was also excessive;
however, no correction was made during the study of the original design.
The tunnel flowed full at the design discharge and was not to be studied
in detail. Outflow of the full tunnel had the correct specific energy.
During studies of flow in the intake tower and the tunnel intake section,
outflow of the tunnel was throttled to create the computed piezometric
grade line in the intake section (observed at station 114+08.33).

10. The tower bypass model reproduced pertinent exterior features of

the tower, the bypass bellmouth intake with trashrack and bulkhead slot,
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the penstock bulkhead slot and bulkhead, and a section of penstock down-
stream from the tower. A layout of the model and details of the structures
are shown in fig. 3 and on plates 10 and 11. The model was constructed of
steel pipe, sheet metal, wood, plywood, and acrylic plastic.

11. Water was supplied to the models by recirculating systems and
measured by means of V-notch weirs and calibrated orifices in the supply
lines. Water-surface elevations were measured with point gages and water
manometers connected to piezometers in the models. Piezometers connected
to 1/2-in.-diameter and 1/8-in.-diamter (quick-acting) water manometers
were used to measure pressures at selected locations in each model.
Velocities were measured with a miniature propeller meter. Tailwater
elevations in the outlet model were controlled by an overflow gate to
reproduce tailwater data furnished by the Portland District. Flow through
the tower bypass system was regulated by a valve at the end of the penstock

section.

Scale Relationships

12. The required similitude of the models to the prototype was

obtained with the following scale relationships based on the Froude model

law:
Dimension Scale Relationship
Length 1:40
Area 1:1600
Velocity 1:6.32
Time 1:6.32
Discharge 1:10,119
Roughness 1:1.85
Weight 1:64,000

5
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PART III: TESTS IN OUTLET MODEL

Original Design

Design Discharge Verification

13. Design discharges of the regulating outlet were verified. With
the computed pressure gradient at station 11+08.33, 10,000 cfs passed with
pool elev 1822.8. The design value was elev 1823, With maximum pool elev
1872, the discharge was 11,400 cfs. The design capacity was 11,430 cfs.
The chute and stilling basin design discharge of 12,000 cfs passed through
the outlet with pool elev 1891. The velocity of flow into the stilling
basin was slightly higher than the computed value, which indicated that

the observed performance was on the conservative side for design.

Intake Tower, Penstock, and Regulating Outlet Tunnel

14. No adverse pressures were observed in the system (tables A and B).
With some flow conditions small bubbles were entrained in the wet well flow
and drawn into the penstock and regulating outlet. The entrainment was
caused by surface turbulence and intermittent vortices within the well and
vortices at the intakes, The deepest vortices extended 8 to 10 ft into
the wet well before disintegrating into the highly turbulent flow. Air
was entrained intermittently as bubbles, most of which rose to the surface.
The model did not reproduce the vortices or air entrainment to scale but
did indicate qualitatively the flow conditions that would occur in the
prototype. It was concluded that vortices would not extend into the
penstock or introduce large quantities of air to it but that bubbles would
be entrained in the outflow with some operating conditions, which would be
acceptable. As general information, the smallest intake tower discharges
with which entrained air entered the penstock in the model with given pool
elevations are shown on plate 12.

15. Piezometers T-5, T-6, and T-7 (plate 3) were studied as prototype
piezometers to aid in measuring water-surface differentials between the
forebay and the tower wet well., The differentials in table C were observed
with discharges up to 4,000 cfs through the penstock and the regulating

outlet. Various intakes were open in tier No. 3; intakes in tiers Nos. 1,




2, and 4 were closed. None of the three piezometers was accurate for all

test conditions because all were affected by direct impact or turbulence.
Only piezometers T-1 and T-2 were not affected. A piezometer at elev 1690
or elev 1765 would probably have been satisfactory; however, other loca-
tions and operating conditions were not investigated.

16. Inflow patterns to the tower intakes observed with dye in an
unstratified reservoir are shown on plates 13 to 16. Flow to most of the
intakes was drawn from levels slightly higher than the intakes. Closure
of the three intakes in a tier had little effect on the flow to intakes
beyond the adjacent tier (plates 14 and 15). No attempt was made to
simulate and study flow patterns and performance of the multilevel intake
structure with the stratification expected in the prototype reservoir.

17. Runoff from winter rains and melting snow may wash colloidal clay
into the reservoir. The colder turbid inflow should mix with the less
dense reservoir water but still plunge and form a density current along
the bottom of the reservoir. That turbid water should be removed during
the winter and spring, so clear cool water can be drawn from the lower
levels for fishery enhancement during the low water period of late summer.
A proposed method was to draw 2,500 to 3,000 cfs of the muddy water from
the bottom through the bottom center port of the intake tower (intake No.
2, tier No. 4, plate 3) and discharge it through the penstock. Maximum and
minimum water-surface differentials between the tower well and forebay and
water surface and pressure surges within the tower and penstock are listed
in table D for that method of operation. The maximum differential, 13.1
ft, occurred with a flow of 3,000 cfs. The maximum surge in the tower was
1.9 ft (minimum conservation pool elev 1751, discharge 2,500 cfs), and the
maximum in the penstock was 2.7 ft (powerhouse design discharge 3,000 cfs).
The surges were random. With pool elev 1751 and 1812 flow in the tower
was highly turbulent with boils and small dimples at the surface. The
occurrence of vortices in the prototype was indicated. As with all intakes
open (paragraph 14), the turbulence disintegrated the spiral vortex flow a
short distance below the surface. It was concluded that vortices would
not be a problem. The tower water surface was calm with pool elev 1872

(discharge 2,500 cfs). Pressures at piezometers T-1 to T-8 were positive




for all test conditions. Flow conditions in the tower and penstock with

the proposed method were considered satisfactory.

Qutlet Chute Transition |

18. The original transition from the circular tunnel to the
rectangular chute was an expanding section with corner fillets (plate 8).

Pressures along the fillets were satisfactory (table E). The minimum

pressure, -3.6 ft at the upstream quarter point of the fillets, occurred
with the design discharge of 12,000 cfs (photograph 1). Separate operation
of the service valves had little effect on flow conditions in the transi-
tion and chute (photograph 2). Flow depths along the chute walls were
similar. Depths along the left wall of the upper half of the chute are
listed in table F and shown on plate 17. The maximum depths along the
chute transition occurred intermittently when tunnel flow alternated
between open channel and pressure flow with 5,830 cfs through fully open
valves, a condition that would not occur in the prototype during normal
operation. The condition occurred with a pool level below the minimum
conservation pool. The 6,300-cfs discharge represented open-channel flow
in a nearly full conduit with control at the service valves. That
condition was satisfactory. Because of the differences in tunnel roughness
and slope, these two flow conditions would occur at slightly smaller
discharges in the prototype. The walls were overtopped between stations
21+42 and 22+22 by a discharge of 12,000 cfs. A surface wave with a
reflection angle of approximately 10 degrees developed at each wall near
the end of the chute transition. The waves converged within the chute, and

no adverse conditions developed.

Outlet Stilling Basin and Tailrace

19. The original design stilling basin did not function satisfactorily
with the anticipated normal tailwater (plate 18). A forced hydraulic jump
was maintained in the basin with all discharges by the end sill rather than
tailwater even with the relatively high apron elevation desired to reduce

rock excavation. The sill functioned as a control sill and spilled high

velocity flow into the tailrace. Except for occasional overtopping near




the end sill, the design wall heights were adequate. Flow conditions with
the design flow of 12,000 cfs are shown in photograph 3 and on plates 19
and 20. Depths and velocities in the toe curve and stilling basin with
discharges of 10,000 and 12,000 cfs are listed in table G.
20. Flow conditions in the tailrace were satisfactory. Although basin ‘

outflow with lower velocities was desirable, the high velocity flow was

acceptable because the area was excavated in sound rock. A maximum bottom 7
velocity of 16 fps occurred along the right bank just downstream from the

stilling basin runout slope with the 12,000-cfs regulating outlet flow

(plate 20). A reverse flow with bottom velocities of 2 to 7 fps occurred

along the left bank with all regulating outlet discharges. With 3,000-cfs

powerhouse flow only, velocities were 3 to 4 fps over the berm downstream

from the powerhouse (plate 21).

21. Pressures were satisfactory on the end sill but not on the baffle
piers (plate 9, table H). With the design discharge of 12,000 cfs, the
average pressure on the baffle pier at piezometer B-4 was -23.5 ft, and
the low pressure was -36.5 ft. Average model pressures corresponding to
prototype pressures lower than -10 ft of water indicate possible cavitation
damage to baffle piers. Although pressures lower than the vapor pressure
of water, about -34 ft, have no quantitative significance, they show
relative intensities of pressure in hydraulic models. With tailwater 2.8
ft above normal, the minimum average pressure was -12.5 ft, which indicated
that the basin would have to be lowered 3 ft or more to have average
pressures no lower than -10 ft on the proposed baffle piers. No other
basin elevation or baffle design was tested because it was desired to keep

rock excavation to a minimum.

Modified Designs

Plan B Chute and Plan A Flip Bucket

22. Although hydraulic conditions with the outlet chute and stilling
basin could have been made acceptable with greater excavation of the sound

rock, use of a stilling basin might have caused flow in the river below

the dam to be supersaturated with nitrogen and unsuitable for fish. Since
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prototype tests* had shown that flip buckets and shallow plunge pools fixed

less nitrogen into the water than deeply submerged hydraulic jump basins
and value engineering had shown an economic advantage, the energy dissi-

pator was changed to a flip bucket with a shallow excavated apron down-

stream (plate 22). As tested in the model, the outlet followed the same
alignment as the original design; however, the prototype outlet was rotated
clockwise 1° 30' 23.4" at station 10+00 (center of intake tower). The
rotation increased the distance 47.3 ft between the regulating outlet and
powerhouse center lines at station 28+00. The right bank topography in the
model was revised to reflect the change in outlet alignment.

23. The chute slope was corrected to simulate a prototype Manning's

"n" of 0.013 to produce computed specific energy, depth, and velocities for | 4

a discharge of 12,000 cfs. In previous studies, the slope was corrected
for an "n" of 0.010 to provide the maximum energy entering the stilling
basin. Maximum velocities at stations 25+35 and 24+93 in the flip bucket
were in good agreement with design velocities. The tailwater rating shown
on plate 18 was used, but the gage location was changed to that shown on !
plate 22. Increased turbulence from the shallow plunge pool made the old |
gage unreliable. Piezometers were not installed in the fillets of the
chute transition because pressures were satisfactory with the previous ﬁ.
similar design. i‘
24, Tests of the revised chute and flip bucket were confined to river
discharges of 10,000 and 12,000 cfs. The powerhouse passed 2,300 cfs of
the 10,000-cfs flow, and 7,700 cfs was released through the tunnel. The
powerhouse was closed during the 12,000-cfs discharge. The plan B chute
transition was not adequate with the maximum discharge. Surface waves were
generated by the change from full flow in the circular tunnel to free
surface flow in the downstream rectangular chute at each wall near the
lower end of the transition (photograph 4), and the waves overtopped the
chute walls between stations 22490 and 24+60 (plate 23). The waves

converged at approximately station 22+32 and produced large amounts of spray

* Conducted by the Hydraulic Design Section, Portland District, Corps of
Engineers. No report published.
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in the downstream half of the chute (photograph 5). Other waves created as
the expanding jet entered the flip bucket rose to the tops of the walls at
the flip bucket exit (photograph 6).

25. Flow conditions in the tailrace are shown in photograph 7 and on
plates 24 and 25. With the 12,000-cfs flow, the expanding jet spread
across the riverbed and impinged on the excavated side slopes. Waves rode
up the right bank to elev 1570. The maximum velocity downstream of the
hydraulic jump was 33 fps near the right bank. Velocities across the
topography between the powerhouse and plunge pool average 8 to 10 fps.

Plan B Chute With Wave Suppressor and
Plan B Flip Bucket (Final Design)

26. Flow conditions in the chute downstream from the tunnel might have
been improved by lengthening the transition and revising the chute walls,
but those changes would have delayed construction of the project. Experi-
ments with various lengths, widths, and locations of wave suppressors on
the chute walls resulted in the arrangement shown on plate 26. The sloping,
4-ft-wide overhangs intercepted the waves, turned them inward, and
eliminated the high rooster tail. Cross-sections of flow upstream and
downstream from the suppressor are shown on plate 27. Photograph 8 shows
flow conditions with the suppressor during tunnel discharges of 10,000 and
12,000 cfs. The suppressor was not required with 7,700 cfs. Waves in the
chute were below the walls for all test conditions (plate 28). Average and
maximum depths of flow along the left wall are listed in table I. Right
wall profiles were similar.

27. Decreasing the bucket width from 36 to 32 ft (plan B flip bucket,
plate 26) improved flow conditions in the tailrace. Although the nappe
profile for 12,000 cfs was above the walls of the revised flip bucket
(photograph 9 and plate 28), little spray was deflected outside the walls,
and no increase in wall height was required. The narrower flip bucket
eliminated the impingement of flow on the tailrace side slopes (photographs
10 and 11). As shown by the impact areas on plates 29 to 31, clearances
between the jet and the unlined channel side slopes were adequate with all
flows to 12,000 cfs.

12
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Plan B Tunnel

28. The tunnel slope was corrected to simulate a Manning's '"n" of
0.012 for a discharge of 7,650 cfs with pool elev 1840, a condition of
almost full flow with an intermediate operating pool. Flow transition
from open-channel to full tunnel flow was satisfactory with discharges of
7,000 and 9,000 cfs, which occurred with low and high pool levels,
respectively. When the tunnel was almost full, the hydraulic jumps at the
valves created waves in the flow; however, the waves did not choke off the
tunnel or create any major disturbance at the exit. Full flow began at
the downstream end and carried a continuous stream of heavily aerated flow
along the crown until the hydraulic grade line rose above the crown at the
air vents. Then, full, unaerated flow occurred. During full, aerated

flow the amount of air varied and caused some variation in flow depth at

the exit. Neither slug flow nor gulping occurred.




PART IV: TESTS IN TOWER BYPASS MODEL

29. The bypass was designed to pass minimum reservoir releases into
the penstock through an oversized (double) bulkhead slot when the tower
was not in operation. The slot was in the tower and had a bellmouth intake
to the reservoir. The design discharge for the system was 2,100 cfs.
Minimum design pools were elev 1826 with 2,100 cfs and elev 1789 with 1,050
cfs. Details of the model are shown in fig. 3 and on plates 10 and 11.
Flows of 3,000 (maximum powerhouse discharge), 1,050, and 700 cfs were
tested with the maximum project design pool elev 1872. Because the intake
bulkhead (not shown) may be left in the slot or removed for storage during
operation of the system, tests were made with the slot covered and open.
The penstock bulkhead, which had a sloping top (plate 11) to minimize
bulkhead vibration and flow losses past it, was located in the upstream
position in the slot during bypass operation.

30. Pressures in the system with the intake bulkhead slot open and
closed were satisfactory (tables J and K). Use of the hatchery water
supply inlet, which protruded into the surface flow near the bypass intake,
had no significant effect on the pressures. Flow patterns at the intakes
are shown in photographs 12 and 13. Intermittent vortices formed over the
intakes with minimum pool elev 1789 and a discharge of 1,050 cfs when the
bulkhead was covered (photograph 13). When the intake bulkhead slot was
open, only a small surface dimple formed intermittently over the slot. 1In
the prototype a vortex might form, perhaps intermittently, and 1,050 cfs
could not be passed with minimum pool elev 1789 without the possibility of
some undesirable air entrainment. A small dimple also occurred with pool
elev 1812 and 2,100 cfs. In the 1:40-scale model, no air was drawn into
the system by either type of vortex.

31. Limits for air-free operation of the system in the model are
listed in table L. All proposed operation was free of air entrainment.
Vortices that did not entrain air formed over the intake or the open
intake bulkhead slot with the higher pool (table M). When the discharge
was 700 cfs and the intake bulkhead slot was open, air entered first

through the open slot as the pool level decreased to elev 1781, 1 ft above

14




the slot; water entered the slot as free flow with air entrained at the
surface. With a flow of 1,050 cfs, that condition occurred with pool elev
1782 (photograph 13), and air entered through the penstock bulkhead slot
with pool elev 1782.5. As the pool decreased with all other conditions
observed, air was first entrained by turbulence in the penstock bulkhead
slot when the bypass intake throat was submerged 3 to 8 ft. When the
intake bulkhead slot was open, air was entrained at a higher pool elevation
with the low discharges of 700 and 1,050 cfs than when the slot was covered.
That occurred because flow through the open slot affected the turbulence
and direction of flow into the penstock bulkhead slot. With a discharge of
1,600 cfs and greater, the open slot affected the limiting pool elevations
but not the limiting water levels in the penstock bulkhead slot. The
intake was more efficient when the intake bulkhead slot was closed (bulk-
head stored in slot). The model did not simulate the vortex action or air
entrainment to scale; the limits of both would be at higher pool elevations
in the prototype. It was concluded that the data indicated that flow
conditions would be satisfactory with all the proposed discharges and pool
elev 1826. However, a discharge of 1,050 cfs could not be passed satis-
factorily with minimum design pool elev 1789. A discharge no greater than
700 cfs could be passed with that pool.

32. Pressures observed on the sloping top of the penstock bulkhead
when the pool was just low enough to allow air to enter the system are
listed in table N. All pressures were positive except those at piezometer
18 during the maximum discharge of 3,000 cfs (-2 and -4 ft with the intake

bulkhead slot covered and open, respectively).
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TABLE A

PRESSURES IN REGUIATING OUTLET INTAKE

Piezometer

Number

Powerhouse Closed Powerhouse Discharge 3,000 CFS

Regulating Outlet Discharge in CFS

Epgmy meopm

E1l

E12 3

El>
Elk
El5

E16
E17
E18
E19
E20

21

E23
B2k
E25

E26
7
28
E29
E30
E31
E32
E33

E35

ES1

12,000 10,000 7,960 11,000 10,000 7,960 11,000
Pool Elevation in Feet - MSL
1891.3 1822.8 1757.4 1860.5 1829.0 1762.8 1865.9
Tier No. 4
All Intakes Open Closed
Pressure in Feet of Water

228.0 159.1 9.3 196,k 165.2 100.0 198.3
213.8 150.6 91.3 4.1 152.5 101.5 173.2
189.4 1372 84.3 165.3 1hk.7 k.9 153.4
187.5 121.0 76.0 147.6 130.2 88.2 126.3
1281 100.6 64,0 12k.0 311,35 i g 115.0
124 .4 91.7 56.9 111.9 101.2 61.7 107.3
125.5 9.5 554 113.8 101.4 61.0 110.7
122.4 90.3 5.2 110.9 97.7 57.9 109.9
226.4 150.6 88.8 185.3 156.2 gk .k 71.5
209.6 148.0 89.5 181.3 154 .4 95.3 171.4
183.7 134.0 81.1 162.7 140.1 87.2 154.2

* * * * * * *
121.7 89.9 53.3 109.9 9k .k 55.5 109.9
22.3 154.0 89.2 190.5 159.0 92.8 190.0
216.7 152.5 91.5 187.1 358.3 97.0 181.1
190.4 I5F 2 83.2 167.2 14k ,2 95.9 149.6
191.8 123.3 15.3 151.0 130.3 88.0 1514
134.6 119.5 60.0 121.1 105.5 Th.2 116.5
119.8 5 52.8 108.2 93.7 62.8 104.2
123.8 91.7 54.5 112.5 97.0 63.8 11.1
116.4 86.4 51.9 106.4 91.5 5T 105.6
200.3 W2.7 87.6 2.7 147.9 90.2 163.9
185.4 134.3 81.3 162.8 137.9 85.6 167.8
156.9 114.8 68.3 138.8 116.9 1.3 137.6
214.8 1587 96.8 193.3 161.8 99.8 179.9
196.6 14k, 3 88.8 175.4 147.9 170.9
167.8 122.7 5.7 149.3 126.6 149.8
155.6 1037 70.3 138.3 117.8 140.4
17h.0 126.9 78.9 154 .4 130.9 156.1
185.2 134.8 8u.1 163.3 138.8 173.7
179.9 132.3 83.6 159.9 136.0 86.8 164.8
5 131.8 Bu.5 159.5 136.5 88.3 164.7
218.3 153.7 93.5 190.5 161.7 102.0 184.7
203.0 b2 89.7 179.7 156.1 98.7 179.1
180.3 130.0 80.9 161.6 139.1 90.5 157.1
153.2 111.0 67.8 137.8 119.0 Thb 126.7
137.3 100.6 60.7 124.2 107.5 66.0 123.6
137.9 101.5 61.3 124.8 107.5 65.3 125.5
138.0 99.9 59.9 122.7 105.7 63.2 124.5
223.5 154.9 90.0 192.0 160.0 93.0 193.1
2249 158.8 95.5 195.5 166.0 9.7 194.3
198.8 141.7 87.2 175.3 150.2 96.2 169.5
180.0 129.0 80.0 160.0 139.8 89.0 164.1
150.9 110.5 67.5 137.3 119.0 76.4 133.7
1371 100.2 60.3 12h.3 107.5 67.2 24,1
140.6 102.8 62.2 127.0 108.5 69.5 128.4
140.5 101.7 60.8 125.4 106.4 65.8 127.8
196.4 1k2.9 85.9 175.0 147.3 88.7 178.1
167.1 121.8 70.2 149.0 127.4 76.7 149.9
200.6 1hk.3 90.3 174 148.8 93.6 180.3
194.0 140.3 86.3 170.4 143.8 90.6 166.

* Piezometer inoperative
NOTES: 1. Piezometer locations are shown on plate 6.

2. BService valves in regulating outlet fully open.




TABLE B

PRESSURES IN REGULATING OUTLET VALVE SECTION,

TUNNEL TRANSITION, PENSTOCK, AND INTAKE TOWER

Powerhouse Closed Powerhouse Discharge %,000 CFS

Regulating Outlet Discharge in CFS

Piezometer 7,960 11,000 10,000

Number
Pool Elevation in Feet - MSL

1757 .4 1860.5 1829.0 1865.9

Tier No.
All Intekes Open Closed

Pressure in Feet of Water
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- Piezometer above water surface

NOTES: 1. Piezometer locations are shown on plates 3, 4, 6, and 7.

2. Service valves in regulating outlet fully open.
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TABLE C

WATER-SURFACE DIFFERENTTALS BETWEEN FOREEAY AND TOWER WET WELL

Tier No. 3 in Operation

Intakes Open 4
1 iy 2 Lo 1203
Piezometer . ;
Nagher Discharge in CFS
1,000 2,000 4,000 3,000
Water-Surface Differential in Feet
T-1 s 5.6 LG 6.4 1L
T-2 e 5 5.6 15 6.4 e
T-3 o5 5.8 15 6.9 1.8
T-4 1.5 555 iloG; 6.2 155
T-5 1.8 5.9 18 6.4 1.8
T-6 T 5.2 1lls! 7.0 L
T-7 1o5 3.9 115(6) 23 st
NOTES: 1. Forebay varied between elevation 1870 and 18Tk.
2. Up to 3,000 cfs passed through the penstock with
the remainder through the regulating outlet.
3. Intake and piezometer locations shown on plate 3.
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TAELE D

WATER-SURFACE DIFFERENTIALS BETWEEN FOREBAY AND TOWER WET WELL

AND SURGE WITHIN TOWER AND PENSTOCK

Intake No. 2, Tier No. 4 in Operation

Pool Elevation in Feet - MSL

LSk 1812 1872

Discharge in CFS

2500 3000 2500

Water-Surface Differential in Feet

Ma ximum Minimum Maximum Minimum Maximum Minimum

9.9 8.0 153 11.% 8.6 7.8

Maximum Surge in Feet

Tower Penstock Tower Penstock Tower Penstock

1.9 2.5 1.7 2 0.8 1.2

NOTES: 1. All flow passed through the penstock.
2. Surge within penstock measured at piezometer P-15.

3. Tower and penstock details shown on plates 3 and k4.
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TABLE E

TABLE B
PRESSURES
Regulating Outlet Chute Transition

Original Design

Discharge in CFS

Piezometer 10,000 12,000

Number
Pressure in Feet of Water

Cc-1 -1.6 -3.6
c-2 2.2 1.4
0‘5 3-6 1-9

NOTE:

Piezometer locations shown on plate 8.
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TABLE F
MAXIMUM DEPTHS ALONG LEFT CHUTE WALL

Original Design

" Discharge in CFS
5,830 6,300 8,000 12,000
] Station
Maximum Water Depth in Feet

20455 34,5 9.0 8.0 6.3
20+60 13.0 9.0 8.0 8.0
20+70 15.4 8T 8.0 8.1
20480 16.0 7.9 8.0 8.5 '
20+90 15.2 6.8 8.5 8.5
21+00 13.0 6.4 9.8 8.5
21+10 10.0 6.8 10.0 8.5
21+20 8.5 7.0 10.3 8.5
21+30 8.2 10.5 10.0 :
21+40 8.0 10.0 12.0 ;
21+50 Ted 945 14.0 5
21+60 9.0 15.0 |
21+70 6.3 8.5 15.6 :
21+80 6.7 8.0 555l
21+90 6.3 S 14.7
22400 6.1 oD 13.8
22+10 6.0 Ted 13.0
22420 6.0 T4 1555
22430 5.8 7B TaksE
22440 10.0
22+50 5-6 791“‘ 9'5
22+60 9.0
22+70 5.0 T45 9.0

NOTES: 1. Chute details shown on plates 2 and 8.

2. Water-surface profiles shown on plate 1T.
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TABLE G

ENTRANCE VELOCITIES

Regulating Outlet Stilling Basin

Original Design

Nappe Velocity
Station Depth in
in Feet FPS
Discharge 10,000 CFS
2L+25.49 Lol 121
2L+95 *x* e 124
25+50.47 2.0 100
*¥Discharge 12,000 CFS
2L+25.49 4.8 124
25+00 ** 2.5 129
25+50.47 2.0 120

* Stilling basin design discharge

**¥ Toe of hydraulic jump
NOTES: 1. Stilling basin details shown on plate 9.

2. Average velocities measured normal to toe curve radius. i

s ia
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TABLE I

DEPTHS ALONG LEFT CHUTE WALL

i

Plan B Outlet With Wave Suppressor
and Plan B Flip Bucket

Discharge in CFS
Statton 10,000 12,000 .
Water Depth in Feet
Average Maximum | Average Maximum
20+35 7.3 T3 8.6
20+40 Z'eS 7.5
20+60 549 5.5 5.6
20+80 5.9 6.8 5.0
21+00 7T 9.7 =3 8.2
21+20 10.5 11.3 95 10.7
21+40 10.8 11.8 11253 13.5
21+64.3 11.1 12.3 15.5 16.7
21+81 9.0 9.0 9.0
22+00 6.4 7.4 6.9 12
22420 7.0 7.4 8.2 9.1
22+40 7.4 8.1 9.3 10.4
22460 7+3 8.3 957 10.3
22480 7.0 8.4 8.7 10.0
23+00 Tt 8.5 8.3 9.4
23+20 13 8.4 1.9 8.6
23+40 78 8.6 7.4 8.2
23+60 7.6 8.8 7.4 8.3
23+80 6.9 8.1 T ol 8.4
24+00 7.3 8.6 7 ! Lo
24+20 6.7 7.9 6.8 8.3
24+40 6.9 8.1 7.2 8.3
24+60 6.8 747 8.1 9.0
24480 1.5 8.3 7.1 8.6
25+00 4.1 8.2
25+10 7.4 8.3 ¥e8 8.8
25+20 8.8 10.0 10.0 11.8
25+30 71+3 8.3 10.0 11.1
| 25+35 6.8 7.6 8.2 9.2

NOTES: 1. Chute, wave suppressor, and flip
bucket shown on plate 26.

Depth is vertical distance above
invert.

N
.
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TABLE L

MINIMUM WATER-SURFACE ELEVATIONS
WITHOUT AIR ENTRAINMENT

Tower Bypass System

Intake Bulkhead Slot
Covered Open
Discharge
in Water-Surface Elevation in Feet-MSL
CFS
Penstock Penstock
Pool Bulkhead Pool Bulkhead
Slot Slot
700 1776 1775 1782 1780
1,050 1778 1) 1783 1778
1,600 1785 1775 1789 1775
2,100 1796 1778 1803 1778
3,000 1810 1779 1823 1779
NOTES: 1. Air first entrained in penstock bulkhead slot

except when first drawn through open intake
bulkhead slot with discharge of 700 cfs.

2. Details of tower bypass system shown on
plates 10 and 1l.
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Discharge 10,000 cfs

Discharge 12,000 cfs

Photograph 1. Flow profiles in original design
chute transition.
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M 14048

Left valve open

Photograph 2.

Right valve open

Flow profiles in original design chute
transition; one service valve operating,
discharge 7,500 cfs.
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Discharge 7,700 cfs

Discharge 12,000 cfs

Photograph 4. Flow conditions in plan B chute tran-
sition; both service valves fully open.
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Photograph 6.

Discharge 7,700 cfs

Discharge 12,000 cfs

Flow conditions in plan A flip bucket.
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Photograph 7.

M140-80

Mi40-81

Flow conditions downstream from plan A
flip bucket; river and outlet discharge
12,000 cfs, tailwater elev 1558.2.
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Discharge 10,000 cfs

Discharge 12,000 cfs

Photograph 9. Flow conditions in plan B flip bucket
connected to plan B chute with suppressor.




*6°9GST A3[2 Iajem[Tel ‘s3d (000°QT 23aBYDISTP ISTINO PUB IDATI
¢ (u3ysap Teur3y) 393onq dITJ g ueTd WOIJ WESIISUMOP SUOTITPUOD MOTJ

*0T ydeaBoaoug




*7°8GGT AST° I93BM[IR] “SJO QQ0°ZI °981BYOSTP ISTINO pue I2ATI
$(udtsep TeuT3) 39%onq dr7j g ueyd wWoij WeSIISUMOP SUOTITPUOD MOTJ °*TT ydeaSoioyd 1




*Paianod 0TS peayyInq ¢ayejuy ssedAq Surisjusa moTJ jJo suialzleqd -zT ydeadozoyg

68LT aaT2 Tood ‘s3d> 0g0*T 31eYdstqQ

T

g

e

L

e

|

L

Vig

LR N

]

|
{
L J

ZL8T AdT2 Tood ‘s3d> QQT1‘Z °81eydstqQ




*$30 0GO‘T @3aeyosTp foejul ssedAq 3urisjus MOT3 Jo suialled ‘¢TI ydeadoloyd

8.1 AaT® Tood
¢30Ts peayInq uado I3a0 umopmel(d

68/1 A2 Tood
¢p919A0D JO0TS peaINg ¢9YBIUT 3B X33IO0A\




e

|=—— s ———— aonts =@ u)
14008 00y OOF 00z  oor [

3vos

1NOAVT 123royd

ARARAAR :
,,,,, >

JISNOHYIMOI

137110 9NILYIN9FY

\\ - A
TIHOL FHNVINI-

\\ 7 ST
e .

==

'
!
1
] ]
' !
'
i
'
’ '
’ '
v, i
\vw I
/ ]
? !
f '
! )
Ny
’ ﬂ.
I
' /
1 .ﬂv !
\ 4
i '
: i
'
/ \
/
'

PLATE 1

A e e a1




Pumew

] I
| *
\ (|3
| X
| ‘va —
. | 0010 SLOPE o 8
[0 574 20425 00 &
ELEV 169000 _ 3 P[»VSYOCK—? N
ELEV 169000
|

S5TA 24+1800
2541750
120 00

e ———

ELEV 156000

ook £LEV 154500

_ELEV 15295

PENSTOCK ELEVATION

800" DIA CORRUGATED METAL TANK
( ks

ELEV 162610
ELEV 162044

B4FFLE
38
8 o
s
£ 28 S
N q Six| N 8
=h % b |
% Kk 3 23 3
SIS I Ry © =i
| b R ~
' R oo sioee | | S x| o8 R
| &l o ~ o) Y
i ] 7 N 9 & ® 9
B | & 3|
_£LEV 163000 ¢ 8 SN & N
¢
T

szwzgggo o

X ELEV 153538~
y

= ~(0015x -000112X%)

ELEV 154500
ELEV 1522.00

y= ~(0 160X +00010x%)
o

E
S

REGULATNG OUTLET ELEVATION

TOPOGRAPHY POWERHOUSE
SEE DETAIL B g

PT STA 11+72 86

/15 00' DiA PENSTOCK E
— —i, TOPOGRAPHY :
-5 / SEE OETAIL A i A

p PENSTOC) \
ﬂlz.s;;o‘/r b STILLING BASIN

12.50" DIA TUNNEL PLATE 9
b——éG, e b } e

—~TUNNEL YHAIV§/7'/0/V\
PLATE 7 CHUTE TRANSITION

INTAKE PLATE &
PLATES 3,5, AND 6
TOWER
PLATE 3

\\?/J TAILP
CAL N E
i — g p— | |

INTAKE WELL
n
a
>
Z

STA 10+0000

¢
g
8
5




B MOOEL _LiMiTS

- 1 |
ELEV 158000 5 b,vrz»« — RIPRAP ————__
v
\ ‘, ‘
X
i
IVON 6N —— §
I — |
F L ELEV 154500 N\ \ \ . N
p o Tivovern 117 . \
TOP OF wALL ‘«% ELEV 155000
~_ ELEV 156500 TS »
o0 \ W 111 g 5
R \\ ) ® RGN +ELEV 153700
—-2VON (H
3 - =
STILLING
- - S | v onsu
BASIN il
DETAIL A
b
SCALE
2 52 100 150 200 FT
O P P — 1
BAFFLE
(MOOEL)
TOP_OF WALL
ELEV 170000
B
- ELEV 1675
MODEL LIMITS
P17

SCALE MODEL LAYOUT
L = = - AND TOPOGRAPHIC DETAILS
ORIGINAL DESIGN

PLATE 2

TN




GATE GUIDES

3350

s

MAXIMUM_POOL _ELEV 1872
P
SEE DETAIL A
SEE DETAIL 8—w

TERNOY ~ ELEV 1845 |

455"

S22

MINIMUM _FLOOD CONTROL POOL ELEV 1812
e ——— ]

HER M2 ELEV 1790 |

Asole ]

MINIMUM CONSERVATION POOL ELEV 1751

Y —

ELEV 1739

,350'

_riEr vo 3 _ELEV 1730

so0 L
5 -
»
3300' DIA INTAKE WELL

et 300

€ PENSTOCK ELEV 1690

T2

T14

B

_TIER NO_4 f,,,,,_g_fvat_sﬂT N

SRR S
b
ELEV 1630 J.

|16 17 |.
= N

SECTION A-A

DETAIL A

200' 050

15

ISOMETRIC VIEW OF

_—GATE

s R 1 (& —

e

IN OPEN POSITION

GATE IN CLOSED
POSITION

DETAIL B

|
Qi

S

INTAKE NO_2- 040 ”

INTAKE PORTAL

GATE SCHEDULE
TIER NO.|HEIGHT |WIDTH | THICKNESS
1 15.58' 883 087
2 1558 883 107
3 15.58' 883 1.42'
4 18.08' 883 182

INTAKE NO._L~g

22
1+

1167°
067"

w
N

; (\\\\\\\\

T1,

\




e

FPENSTOCK

NE MAE 3

REGULATING
QUTLET

= b
F

SEL PLATES 3 AN 6

u:o‘

PLAN AT ELEVATION 1850

TIER NO L

R ool K . P ¢

INTAKE TOWER DETAILS
AND PIEZOMETER LOCATIONS

PLATE 3

[ 2




{
H
< -
w |
- 2
SNOI1VYO01 - . £ |A..
d313W0Z3id GNV STivi3d 608291 | 2095+61 | Sid | [ 1 5
666,91 | £9G9+€T vid
AOO0LSN3d 8£'6891 | S89L+ 1T €1d 3NIT H3LN3D 9NOTIV NOILO3S m \?
8E 6891 | SB9L+TT 214 3 1 .
05 2891 9211411 11d f
052891 | ££66+0} otd :
0£2891 | £€25+ 0! 6d i
020891 | 05'1g+ 01 8d
T — W 000891 | 90'52+0F Ld 59 L
2 AL 9,6.91 | £8'81+01 9d i
ERLAS !
298291 | €v9r+01 Sd
029291 | €9wi+0b vd 5 3 f
»200.1 | €881+0F €d S S 73737
8€ 101 €691 401 2d N ;
o€ €OLt €9 w1+ 01 1d N
NOILVA3 13| NOILYLS [ON 'Z3Id
SNOILYO01 ¥313W0Z31d
ﬂ.!
8 szt
v AOVH HSVHl
...m @
E N 4
o
[ o .a NV d _J
® ik EE9 3
N SR o N
2 N 49T H
[~
] . 3 |
v_7/V130 335 -— ~ |
m S107S QVIHN NG : |
- T Y S TR ) i 6d »wm W
RIS Tiat] [ora | i m
3 vV 1Ivl3d
ZE 007 3
it B me @ﬁﬁﬁ. Jo/n9 MO ¥IOLSNId ON ‘NOILISOd QVIHN NG g
] ™ 3 L S e NOILVYIJO SSVIAE Y04 NOILISOd QVIHN TN
L Ay £60
l QS K
= 5067550 O SINVA & 085S
o o il - e saa i




|

SHVL3A 3IAVINI

137100 9NILVINO3Y

TS

(377vOS ON)
g ivi3ad b
LET lkmp
) R R

(37v2S ON)
0 vi3a

002,00,
| 1$20:y

L=

..p e .

(37v0S ON)
8 1vi3d

-

e

(37v3S ON)
VL33 3ATVA

(37w3S ON)

Vv 1Ivl3d

NOIL133S TVOIdAL

DO ATTT

T73IM INVINI SO

301,067

AN

AN

QAN

05T

MO7S

L™~ FATVA AINTFIYINIT ..

4

1 2EL490), Ay momo—
%0

WM \ﬁw V130 335
7 e N i

1075 OVIHN N8

TX2E0) , oS 2 ]

= & 5
ﬁub~ +355 8 mowo]

]

,00€2

——

—

70+07 WIS |

o7

F‘iz i Wrei 'a‘??o—r‘l v‘os

ERIEY wwmkm_ _|m....

PLATE 5




(408 = x (e
ERLVA
SNOILVOOT ¥3L3IW0Z3Id 3INVLNI
137100 9NILVIN93Y G 31vd NO NMOHS STIVA3Q 3XVINI
310N
T
S5 €591 2821401 | w3 152591 T:o.o_ 223
96 »S9T 86 01+ 01 \ €3 89 2591 gre6r+01 | 123
[ 96591 | »£60+01 | 2v3 252591 |86 91+01| 023
000v9l | 1025401 219 6v 8591 | 06.0+0T | 1v3 €€ €G91 |v6p1+01| 613
090991 1026+01| 119 006991 | »I60+0I| Ob3 SS'§S91 |2821+01| 813
Ov O»91 |£0'0G+01| 019 $92591 | 8I6I+01| 683 96 9591 |8601+01| 213
0» 0»91 | IDvp+Ol| 69 262691 (8691401 | 8¢3 9L G591 cn,oo.e_, 913
0% 0991 | £0 2p+ 01 89 €E'€691 |vewT+Or| 253 698591 | 06.0+01 GI3
Ov O¥9l | 0L42401| 49 SS €591 (2821401 | 963 006991 |51 60+01| v13
Ov O»91 |0§562+01| 99 96 »S91  860T+0I | S£3 692691 |BI61+01| €13
G29v9l | 1025401 SO 9.6591 | »£60+0L | ve3 €€ €591 |96 v1+ 01 # 213
0F 1S9T | 10%e+ 01| %9 6v8S91 | 06,0+0F | €£3 96 ¥591 (6 OT+0| 113
0€ 1691 022401  £9 000v91 |2821+01 23 68591 _85.2 | o013
052691 | 10vveOl| 29 000991 Tcwfe | 13 0L1991 |0G.0+01| 63
0§ 2691 |oceze0t| 19 S29¥91 | »€60+01 | 0£3 §92591 |8 61+01 83
S29¥91 |vg60+01 153 21E¥91 | 2821+01| 623 252691 |se9r+0r| L3
S29»31 »g£60+ 01| 0S3 G29v91 | 8691+01 | 823 €€ €S9 | »6wI+O0I| 93
$20591 |2821+01 693 S29v91  282T+01| 223 SS €991 |2821401| 3
SZ 1S91 |v$60+01 | 893 G29v91 | »£60+01 923 96 »S91 | 86 01+01 »3
§92591 |BI6I+0T b3 G29v91 | 06.0+01| 623 9L GS91 | v€'60+ 01 €3
252591 8691401  9v3 520691 | 2821401 | v23 6v'8591 | 06 20+ 01 23
SEESOT w6 vI+ O Sv3 S2TS91 |vce0+0r | €23 0L 71991 | 0520+01 13
NOILVA313| NOILVLS |ON Z3Id [NOILVA313| NOILVLS [ON Z3Id|NOILVA3I3 | NOILVLS [ON Z3id
SNOILVI0T H313WO0Z3id

V-V NOI133S

RN

)
@
NGIIVAI 13 )
S
N 263163, 8
e T, 0997 7373 T T
R ! ,
) ,
m 623" 1
| |
R ar, it m
763063 ‘0£3 '923

1v3'6e3123'¢13'83”

©93°963'813'G3.6%3'V23, 11

9938302343 8v3‘c23~|

Sv32€3°613'213'93 d
£93°6£3 213113937
2v3'pE3°913°¢

6313

0v3 9137

3'913

&

993" b3

1632637

PLATE 6

—— A




SNOILVI01 ¥313WN0Z3ld ANV
S71vLi30 NOILISNVHL TI3NNNL

1371N0 ONILVINO3Y

NOILVA33

WVY3IH1SNMOA
s,

Ny
’

NOILVA33

o1s

|
|
|

o

L8 /9
'

€IS
S

1
€S

IS

[V ERE]

02Ty

M3IA DI¥13NOSI

EE€ PGH+OT VLS

529

s

L0067

PLATE 7




i

Raa S e b - Suh TR 6475

{

B 4500" ai A0 O ,;.7&_,*
8‘ ELEV 164160
o
B 3
& 2]
g $
& ¥
O N
Q] N

TR T § =6 25 - 0003906 x° § @

15 20FT

SECTIONAL ISOMETRIC

SCALE

Q 10 _ 20 3

40 FT

|

1000

000" ol

14
=

1973 .|
~ 3
B
| &
Rl R
o ! u
3 |ELEV 162775
&
N
& h
Q

‘200

—

REGULATING OUTLET

CHUTE TRANSITION DETAILS
AND PIEZOMETER LOCATIONS
ORIGINAL DESIGN

PLATE 8

- a - R VL




NOIS3Q TVNISIHO
SNOILVI0T H3L3WO0Z3Id ONV
S7vL3A NISVE 9NITLS

1371N0 ONILVINO3Y

S P—
1406 or [ %3 o Q
3vaS
V-V NOILD3S
R ki = 10006 T A B e
3 fi S PO ETISRATE SRARRIT
. mwmm/.._ i 7w ¢ 002 ATTI
I.L = N
" e ,,m & ,0009 m
% “ >
8
i
.
00 25T ATTF
2 N (+X0R000 + X091 0) - B 9
N 3
N 12}
O
: :
3 N
. N o
] N N
NVd |3 w
w :
f 1 )
N
| Nw wwi e 9
f -4 %
| | w008 =1
@: ... B qxj 18 N
N sy313W0231 ] 3
D HiIM 3744V8
1

37vos

Wvi3a ¥3id 3744ve

NOI1VA3T3

b ve, | 83l s
g @Lx,w,mmm
. Nﬂw/ﬂoe“h

o

3

PLATE 9




el

.

ELEV.

HATCHERY

== HIGHEST POSITION |
__lglz—:\w p—

WATER,
SUPPLY M/Lé'r-/

326’

r posiTioN ||
LoWER] £y 1800 |

860'

E 4 r
Tl
<

11.50°

15.50

4.00'R.

m' 2.50'DIA.

—ELEV 1670

. _.‘{

ELEVATION
SHOWING SECTIONAL DETAILS

SCALE
D el T

f
3
s ©
N S HATCHERY WATER
g E SUPPLY INLET
N S TN
SCALE
§ | 8] [P ol 80T ISOMETRIC VIEW
3 ELEV (W,
S 777 b S| FLow S 40 VANES @ 0.44'=1716"
b T T QA I } i
§- | &\ \ T:El’" _________________ il
% \ \ Nareass wrmake { W PLAN
- N\ .
| \ N 1764 ¥ 048
\ i
§ , \ — R e e e R r
N i \ SEE PLATE 11 81 ,l . j
N } \ s N
= | N 'é Q:
L] = A q
: | s| |1 3
' ST = S &
N 8
| S PENSTOCK- § VANES ——— |
&% 0.05' x 0.60 x 18.40' l
< i "
S H* e S| doELEV 1650 J l l |
& 0} TN DOWNSTREAM ELEVATION  END VIEW

TRASH RACK

TOWER BYPASS SYSTEM
MODEL LAYOUT AND DETAILS

PLATE 10




|
PIEZOMETERS 26, 27, v
& 26 SPACED AT
23 20.00' = 60 00"
/ 4
24 /25
w62 [V K N 1
i N 600 \
I N N
&% - s
. _ELEV 1690 > S8
u
i Sul
FLOW | ¥
A bt .L : DETAIL A
§ fere] azJ SCALE
'& : o] 1 2 3 4FT
= = = ————
- \‘ ‘1
e gatde — e 248y -
SECTION B-B
b LC.
s L
T 257675
i g
7 |
A : | ] |
é 8 AL
my S| |
8 ) : it
o Q 8 ! S
By | ISR vt ) [ [ = 4+
s :1‘ 8 3 8
N |
MAN {
3 SECTION A—A BULKHEAD L __L ! |
~
(SEE PLATE 10) GUIOES —4 1L 08 [ L =
3 SCALE L 6.00' L:oa' 200'|200'| 500 ,_,—5{—
3 S b= S )0 T
5 10 15 20FT 2 2 /
PIEZOMETER 10 e g o vy
g ON CENTER LINE g 25 625
i ’ S
Pt 3 BELLMOUTH PLAN
2 ) T ——-1 - =
R SCALE
‘§ m) 200" @\ PIEZOMETERS 1, 3,5, &7 N A
&i REMOVABLE COVER 0.40' FROM (RT) SIDEWALL o 2 & ¢ FT
3 (MODEL ) [
{ N PIEZOMETER LOCATIONS
N\ PIEZ. NO.[STATIONELEVATION [PIEZ. NO.[STATION [ELEVATION
1 10 +39.88 1776.8 15 10+22.52 1703.1
2 10 +39.56 1775.85 16 10+23.12 17021
3 10 +38.36| 1774.7 ol ¢ 10 +23.72 1701.0
[. 4 10 +37.16 177395 18 10 424 32 1699.5
N s |10+35.96| 1773.4 19 [10+2432| 16950
6 [10+3476| 17728 20 [10+24 32| 1690.0
N 7 10 +33.56 17730 21 10 +24 32 1685 0
N\
N 8 [10+3068| 1773.0 22 (10+28.35| 1700.0
\ 9 10 +28.08| 1775.0 23 10 437 41 1699.2
QleLevizo 10 [10+22.08| 1790.0 24 [10+4645| 16983
a‘ 11 10 +30.68 1767.0 25 10 +55.95 1697.5
FLow 12 [10+28.48| 17657 26 (1047595 16975
13 10+428.08| 1764.6 &7, 10+9595| 1697.5
14 10+28.08| 1707.1 28 1141595 1697.5
1 \ ANMANAR
b I\ A 5 2(;\\,\\ N
bt \ \\\\ ~—PIEZOMETERS 8, 9,11,12,
| \\\\\\\\\\ 8 13 ON CENTER LINE
ANARNNRNRNANRN -
! \ \ x\\-bi\ 700" \\ 3
\ T _y &
i \ N ‘~\§\ N
i N 800’
N\ 4 1 TOWER BYPASS SYSTEM

S

ol
I~
>

DETAILS AND PIEZOMETER LOCATIONS

PLATE 11




1880 ﬁ—v
/
»’J— é
1860 { 4 (4
< TIER NO. {
g | )z o
s 184
%
; ¢
" %
W 1820 Z
o—1 |
Z e é
=z 1800 T
= ~ } TIER NO.2
- - | e
2 %
> 1780 /
- %
v 7
. s /
=Ji {760 — /
8 »—Eﬂ/
a = r_é
1740
ﬁw TIER NO_3
7
17205 7 9 11 13 15 e
TOTAL DISCHARGE IN 1000 CFS
LEGEND
o POWERHOUSE DISCHARGE 3000 CFS
e POWERHOUSE CLOSED.

NOTE

TOWER DETAILS SHOWN ON
PLATE 3.

LOWER LIMIT OF
MODEL AIR ENTRAINMENT

ALL INTAKES OPEN

| PLATE 12




N3dO S3INVINI 11V ‘G3IYVA 3I9HVHISIA
137100 ANV NOILVA3T3 100d

S3INVLNI 2 ON 1V T30 000€ 3SNOHYIMOd
SNY3L1Vd MO14NI H3IMOL $3D 000TT I3 1IN0

S40 096 L 394VHISIA 1371N0 ANV ¥3AIY S40 000 T 394VHISIA ¥3ATH
v°,G.1T A373 100d S°0981T A3713 100d

1334 NI 3ONVISIQ

0o 02 (%4 09 08 001 021 oyt O 02 oY 09 08 001 021 ov1

wu » » Y
;- . g -t
» ON &34 | ) — e e
~ S
f N~ " — -
~ > N
™~ * W
e
/ !4/ N / /
~ ~N ™~
N o I/ I/, N 4
o . S >
~ ~
] = e J/ -
T— N
\ " y ;\ e / -
o ™ IIIIIl .
SRR T, P o P -— ‘Illllllllll
£ OV 9311 e L B e s ae N - p— 1
- 3 P b 3 i
N
N— | ~— ~ ~— Iy q
™ ER e —_—
I~ sl [ o
e, ) =
LN b P ~ ~
Z ON Y3/1 80 ~—
P 2 . 4
~
e .VQ\V.WQ !
. \Q\\*\
G e 1~ - %
‘€ 31vId NO NMOHS STIVL3Q ¥3IMOL ) ﬂ\ A[//:’M
o
310N e -t -
7 ON 31 - R - e
-~ “m - ~—— -

0291

0991

089t

001

ozLr

0oL

(¢]-PAS

oos?

ozer

ovel

0981

0881

NOIL1VA3T3

ASW — 1334 NI

PLATE 13




<
S40 00007 39YVHISIA 1374N0 ANV H3AINH T
N3dO S3MVINI 11v '0°228T A3713 100d S S 0 NS SNLES SPDL =
SNY311Vd MOT4NI ¥3MOL =
310N a
SANVLINI € ON S3NVLNI 2 ON S3INVLINI T ON
1334 NI 30NVLISIA
0 02 ov 09 08 00F 021 OvI O 02 oy 09 08 001 02 OYT O oz o 09 08 00T Oz oion_
% / % %
v ON Y31 § 2t r— ~ — ovat
/ 4 ‘._/ ~ T I/
N 4/ [ = N 0991
N N> >
r/ *_ , // 25, -~ 0891
1/ /‘r B b
< ALY ~ < b oot |
/ // l[ / /I i
N <
/ R e X N V/l/ osiy
A LT g W ~L ~ S =
, P % N . o P . o
cover | .~ SRR N e :
e ~ ~ 3 TA[ = ovel
3 - ~ N | ~ :
/ .0 B ~ ~ b ==
S = ~ 5 I..l7\. P 091 u
//I/r N Av/ “H. —1 —— | m
) 2 . +— R ~ —~
] S A ﬁ ~ — 08t |
ZON 5311 i AN /Z 2R
FESE = - B o 0081 W
e, oS J P 5
|~ i - | 2k =
o e ozet
-— N / B & = = .H’
M ~J | e -1 INIT ONIGING -
+ ON J371 1l s ( pe o
| . b O S = - - —~ | | «-—
e o B 0981
o—| e b -— .
0881




S40 000 0T 39HVHOSIA L3711NO ANV dH3AIY
@3S072 ¥31L 3INO ‘072281 A313 100d
S3INVINI 2 ON 1V
SNY311vd MOT4NI H3MOL
Q3S0710 ¥ ON d¥3I1 Q3S010 T ON ¥3Il
1334 NI 32NVISIQ
O 02 Oy 09 08 00l 02 vl
=T M S |
ﬂ Y Y w\: , 0 0
% ON 5371 = T e
h : e P
A _ \ Ve e e o
] ;
<
| M >
Ul ] ~ -
£ ON ¥3/1 | M ANu
s -
M z
< 2
| A g
Z ON 5311 | , , \ 4 , /L N |
o i e Al_% == h ooet &
~_ b N ™~ / &
™~ | , A o S
- 7* — e — N ™ L L/[GA\\Q/\l — ozes
| A W ﬁ \\\Q
€ 3Lv1d NO NMOHS $11v130 ¥3MOL f\, \\. - +I - o ' | I
3 — T + s - = | ov8r
Al 7 ON 9371 - | , | ! o 5|
e | | - -—— [-— i o g -1
: . +— -— # +——1=4— oot
Mol e ~__ ~4 . Y | w
4 =
_ — ol oee! S
a




TIER NO_3
TIER NO 4

TIER NO I
TIER NO 2

S
~
-

R ALY, sxsaiah |

NO. 3 INTAKES

100

TOWER INFLOW PATTERNS
POOL ELEV 1822.8, ALL INTAKES OPEN

RIVER AND OUTLET DISCHARGE 10000 CFS

120

0 140

]
20

40
EEET

NO. 2 INTAKES

€0
IN

100

DISTANCE

120

O 140

20

—
_—
|
—
—_—
—
\‘-<
~\\\\
\\\\‘
—
NO. 1 INTAKES

100
E

DIVIDING LINE
== == G
|
I
120
(9]

140

~
-

N
TOWER DETAILS SHOWN ON PLATE 3.

1880
1860
1840
1820
1780

2 g Q 8
~ ~ ~
= %

1680
1660
1640
1620

-

8
-
1s

W — 1334 NI NOILVA3N3

PLATE 16

e




NOIS3Q TVNIOINO
NISVE ONITTILS HLIM

31NAHD 13771N0 O9NILVYINO3YH
AIvM 1437

S371408d 30VIdNS - H3ILVM WNWIXVYI

3NIT ¥3LIN3D 9NOIV SNOILVIS

0s+12

8 ONV 2 S31V1d NO NMOHS S7T1vi3d 31NHD
310N

7709

549 00% 9

\\\\n

/

MOTS TINS UIN3LL \\F{Nk_\.\\ 540 0£8§
| |

| | i

il

TVLYOd TINNNL

NOILVYA33

1334 NI




.}
w
b4
3SNOHY3IMOd ANV L31LN0 ONILVYIN93YH m._
d31VMIIvl
‘2 31vVd NO
NMOHS NOILVL1S 9NIOVO 40 NOILVIO1
310N
sS40 000TFT NI 39¥VHOSIA
91 vl 21 or 8 9 5y 2 - J—
m
\ evst T
<
>
i 5
o)
\\ 4
2sst z
-~ m
\ ﬂ
et b
|
\\ <
»
\\ ssst @
\
095t




NOIS3a TVNIOINO
NISV8 ONITTILS 137100 9NILYINO3Y
TIvVM 1437

S371408d 3IVIUNS - YILVM WNWIXVIN

ANIT H3LN3D 9NOTV SNOILVLS

d3S010 3ISNOHY3IMOJ
dILVMTIVL TTVWHON

SNOILIONOS 9NILVH3dO

‘6 31Vd NO
NMOHS S7T1v130 NISv8 ONITILS

310N

0s+92 00+92 0S+S2 00+S2 0sS+%2
T (o239}
| BeEnT R =
| D 0 D D 0 0 ) VO W 20070 20 S o o
\\ PI P I IS ISP INI IS I III I IS L .\\\\\Q\\\\A‘-\\\\\ \\\\\\\\\\;\\\\\\\ .\\ |
., Y 0°2267 A773 il §§ ﬁ
- \\\\ % | § 973 ‘ ossH
VA.”
! + ] g e ovst
69561 N373 ML L\\\\ EW
.Wh\ .Q QQQ QN V\\ = -
| | 1
e H\.\ e 285G NF77 M
ll\\ ~~ 549 000 21 oos1
= 1
M.% 7 1 = T wﬂ o8t
_ f../\/_ I 02257 N377 717VM J0 dOL
NI O0LH TN L o851
_ TYNOISV220 !
% _ g 06S*T

NOI11VA3I3

= 1333 NI

ASNKW

PLATE 19



N9IS3Q TVUNIOINO

PLATE 20

H1d30 80 8
S40 000 21 39HVHISIO H3AIM Hi1d30 20 L
SNOILIONOD MO14 30VHTIVL Sdd4 NI S3ILI0073A —5>

[{NEBER]
 —— 2'8551 NOILVAZI3 H3LVMIIVL
14 002 051 001 0s ¢} S49 000 2t 137400 9NILYINO3H
ERLAR a3soo 3SNOHY3MOd

SNOILIGNOD ONI1VH3dO

‘2 31v7d NO NMOHS 39v9
Y3LVMIIVL GNV STIvi30 T3NNVHD 2

"6 31v1d NO
NMOHS STIV13a NISVE ONITIILS '}
5310N
N
N N\ - ——
= // /
//,//// 177 a
i \ ~ o
W B g etk S Gfh, E—— am o Nisve
=~ \ g2 I ar gsr  gu 19 —58 821 S ovm
// S 167 hk‘lu& oF W NITTILS
= s %
3SNOHY3MOd

7

NSwnl MiganifisnnmnnnR A

w__- s1/mi7 73000

——




NOIS3Q TVNIONO

$42 000 € 398VHISIA ¥3IAIY g e .

Hi1d30 20 1

SNOILIANOD MOT4 30vdIvl Sd4 NI S3ILID0N3A >

aN3931
] = — el 8'1661 NOILVA3T3 ¥31wmIlIvL
] 14 002 os} 00} 05 [¢] a3s012 137100 9NILVINO3N
§ ERLCES S49 000 € 3SNOHE3MOd

SNOILIONOD ONI1V¥3d0

X __—S1/wIT TIGOW

”, . «..v«. .
g A - ‘2 31V71d NO NMOHS 39v9
w_ , HILYMIVL ONV STIVL3Q TINNVHD 2
4 1] ‘6 31vd NO
: NMOHS STIV13Q NISVE ONITILS T
S310N £
! .
L
—
3 S| S wisve
@« =)
1 wr> —— 183 | & owrs
b ~ e P =}
—
> e i [ =~
E \‘\M: R wer— =~ / i 0\«.\ h\b\
{ ~— N\ S
- LZ e ﬁkm: 5 a..m”, g A |
. o ¢ ~ WL ST s e

3 e we WS W9 WS wWoF 1€
| ~— ~— o S e “
: We W WS WS WS - ——
1 ~ - - - -— < —2€ | |3snoHy3Imod
3 Y 3 we WS WS W9 W9 -—
1 O 08ST 2373 ‘2]
1 w

-

<

|

a




13)0N8 dINd v Nvd
HLIM 1371N0 8 NV d

STIv1i3a ANV LNOAVT 13Q0W

14 ost 001 [

31NHD 4 HONOYH 1L

SEE6+92 JYd

vis

T

0000+12
0064+02
000§+02 2d

2XS2906€£000- 6§29 =¥

0005+Ie VIS

n)
i3
&
o
(4
S
4 o 3d07S S000
e N sosoer 4377
(,X4201000 + X S000)- =4 26 96GT AFTF 8
(2X4407000+ X §100)- *A-
e e
3v0S
N NV d
S
+
3979 m ol
YILVMTIVL N
N
g, 02667 13— 2
55 i+
:::::: .M “
3
.Mvuw #e
L ~o0ser 2777 |}
00091 4373 |o
S [EHImAT]
PR,
CWWTTBAN
VY dIY sumi1 13a0m—~

00
71IMNNL VIG 08

PLATE 22

3JO7S $700

o¥'9291 A373

N A RN A NRAT e S ST | PP




Ld L o el e

13%NG di14 v NvId HLIM 137100 8 Nv1d
TYM 1437
S371408d 30VIHNS-HILIVM WNWIXVIA
22 31vd NO NMOHS STIVL3Q L1308 dITd HLIM L371n0
310N
S40 000 2T 398VHOSIA
3INIT H3IN3O ONOTV SNOILVLS
0951 OO#mN 0S+92 Q0+42 Om+nN 00+&2 06+22 00+22 0S+12 00+12 06+02 0961
s < MMOaMY5a  NOISN® s A
R T T
| ,ﬂ et 11 i —— o
, | [ ] | L HRe
._ é;\ 1&% 0 . T T T , B
M - i s | : ] -
i — b L : , : ] * |
A ] o 8 ) | , | | s
omo_T - , T ] = : , ——t : - —oza1 ;
s SR = SR O e e o e B T‘r‘;\,,o} |%\4!L\wt, = =8 S| 4 T o s =
ovatf—+ it | LR Ll‘(LIL’i + | —4 oo
- : O | | lanzay 3mm- 181 <
i o T ey aS TIvT FIIS00Y Tt e e o A ol 5
it | A 8 T O ol ) 0 5 T I oo, cele ) HLJVAJ,_ _gFg\S@_m
4 z
$30 00ZZ 39uVHISIO TAVOS Towtid i
3NIT M3IN3D ONOTV SNOILVIS
00+52 06+£2 00+£2 05+22 00+22 0S+12 00+12 06+02 m
i 7 K, WER AR NN RS R 1
- 97777 ﬁ ﬁ . 4 A,v 4 ,fyw% - ,T\.TKHII.. H.L_vIJ ‘:% S ST SEUE: N S 1 ~ 4 )
o8st , : R —— ,.
! e ,, ,G.wv.&% SIIM—_ | W ;, wEE | , T o m
009t % U T /Mw pzzzzzZgy, | T 1T T 1T 11 " i N I
| 7740 ..‘\E+ = = e e 72 | »
4 +— ) S ———t— = - —_— — e i < { P S e S ® M R A e S
| , [ | an3an .§§|\\ N | , = ;
0291 t — , —t- . M + = T —0291
+ '[Lﬁ|¥‘ ——— e .+ 1+ . . + + + + .OI,V + S + 7 I +I¢ e o S 1
| | | | { v i
owat i qmE f RS ﬁ g &
t—t ! S T - 4 + h 4 " - ) - | + - ﬁ —1 ML, + +———4 +—t——t 4
— I , N 1 ; i R A i N gt et ddal, T L. dsoo ...-l.
a

= e




|

< !
o

13%9N8 di14 v NVId HLIM L3TLNO 8 NV1d w
. >
i S$40 000 01 39HVHISIQ ¥3AIM M.

v

w SNOILIONOD MO7T4 3JvHTIvL mose. umwww_o%._ummdlv a i
w. aNn3937 3
b
14002 ot o0t S i $42002 £ 137100 ONILYIN93Y
1 Ve $49 00§ 2 3SNOH¥3MOd
5 SNOILIONOD SNILV&3d0
1
£]

22 31V1d NO NMOHS
ST71v130 I3NNYHD OGNV 13XIN8 di1d

310N
£957 N373
0L dN3I0IY.

: i T T T A

A373

13X0Nn8 414
IA !

3SNORY3M0Od

8'SSGT ‘ML

008$1 2373

e «,,\
el

N HIIN 1d 2 .w.ﬂ\‘.t&l

“_~SI/WIT TI00W




13%9N8 dINd V NVId HLIM 137100 8 NV1d
S$40 000 21 3IOHVHOISIA H3AN
SNOILIONOD MOTd 30vyIvlL

‘WOL108 3A08V 14 €
Sd4 NI mu_:uo._u>lv|'v

aN3937
(=i = ===
14 002 oS} 001 0s [) $42 000 21 137100 9NILVINO3Y
I9v5s g3s0712 3ISNOHY3IMOd

SNOILIONOD 9NILV¥3dO

22 31V1id NO NMOHS
STIVL30 T3INNVHD OGNV 13X2N8 dI74

310N

0487 373

TITTITTITY

0'%097
N373

=

7

7
[~

“._.mxu_._m dind

> <\ %

~
LR
o™
QS

3SNOHY3IMOd

0'GSSF ML

LI = T TTTTTT

L w.»r..\ —T TN SR

0 088! 2373

<X \ | it

et oA TRNNANNNY ,r/r,,,L—:::—Thhr 11

ry
0'GGSt M1

GO 14 S Sm’ ®_~S1IWIT T300W

PLATE 25




L

-

13)0Nn8 dI114 8 NVd

d0SS34ddNS JAVM
HLIM 1377100 8 NVd

(37v0S ON)

V-V NOILJ3S

(37v0S ON)
TIvi3a 13M0n8 diNd
M3IA GN3

|

+

b WAl AFEY
,002%

7IVL30 ¥0SS3¥ddNS 3AVM

£99+12 VIS,

3979
YILVMTIVL

SEE6+9C JYd

14 061 001 oS 4]
ERTRS
31NHD 40 H! N
B
S xR
N (2X 2201000+ X §100)- £
* - + »
q N
&
) o JIOTS S000-
A &
K 551 . oL
Z5965T ATTT 3 906091 AF73 8 _ 34075 s100

»
N
8@&%&&\! n 25’9291 A373 099297 A773
r
Lo R 2 2X$2906£000- $2'9 =4
ERLES 8
N NV 1d
: Y
3 <
P77 <
00861 73— HE NO A2 . ] X
—omer 7— ({3 ¥
HI NO AT ﬁ ZNO AC Py i “
: @ (Um0 335)
I HI NO A2 S s3wong 9179
w t T
S N
.Mwh.:\ ﬁw > = N W
00651 4373 3 R ko
00091 4773 g 3 s
3 8 M
f{a.
1INN-2
00857
2377

PLATE 26

RESHOW TS




PLAN B OUTLET
WITH WAVE SUPPRESSOR

WATER-SURFACE CROSS SECTIONS

DISCHARGE 12 000 CFS

FEET

IN

O
|
+
(o]
o
<
-
2]

STA 21+50
STA 22+20
STA 24+00

DISTANCE

DISCHARGE 10 000 CFS

LU

o '

1LY3ANI 3A08V 1334 NI 30NV1iSIQ TVvOI1L¥3A

WAVE SUPPRESSOR BETWEEN STATIONS 21+64.3

AND 21+481.0.

PLATE 27




13X0N8 dIN4 8 Nvd
H0SS3™ddNS 3AVM HLIM 137100 8 Nvd
Tvm 1437

S3713408d 30V4HNS-HILVM WNWIXYIN

S40 00021 394VHOSIA

3NIT ¥3IN3D ONOTV SNOILVYLS
0S+£2 00+£2 06+22 00+22
=

92 31V1d NO NMOHS STIvi3A L3IXONE dITd HLM 137400

310N

AEEERE GRS
| |

|

27

|
i
VIIY AVEIS

Al

S30 00001 3I9HVHISIQ
3NIT ¥3LIN3ID ONOTV SNOILVLS

WLHOd TINNNL

00+12

0S+€2 00+€2 og+e2
—_

3 |

4
B M 1

ISW - 1334 NI NOILVA3T3

T

770M 40 dO1—/|
o t 1 T

|

T

| 9

£V

|

I

—

i

T
-

|

1

[

PLATE 28




S$30 000 0T 39HVHISIA ¥3AIY
13%0N8 diN4 ONVY 1371N0 8 Nvd
WOL108 3A08V 14 ¢

SNOILIANOD MOT14 30VHTIvL Sd4 NI S3ILID0TIA 5>
aN3937

S$4000L L 137100 ONILVYIN93N
MOT14d 137100 ANV 3ISNOHY3IMOJ $42 00€ 2 3SNOHY3MOd
SNOILIGNOD ONI1VH¥3d0

92 31v7d NO NMOHS
STIvL30 T3INNVHD OGN L3XINE8 dI74

310N

13X%0N8 4114

OO/

MO
o TV91L Eumm%m
vIyy t&%

3SNOHY¥3MOd

0'96ST ML

SHEHS_EPHL

praaB b
- \&; 0 L\\V %/M‘W/////// ,/

KOSSt M Com 15 2 s3rom”

008s!I 2373

7300W

PLATE 29




S$40 000 0T 39HVHISIQ ¥3AIY
13%0N8 4174 ANV 1371n0 8 Nvd

SNOILIONOD MOT4 30vHTIvl

14

AINO MO714 13771N0

ooz oS! 001 0s o
ERLEH

WOL108 3A08V 14 €
Sdd NI S31L19073A 5>

aN3937

$42000 0¥ 137100 ONILVINO3N
a3s010 3SNOH¥3IMOd
SNOILIONOD OSNIL1V¥3dO

92 31V7d NO NMOHKS
STIv130 T3NNVHD GNV 13X0N8 di7d

310N

Y JIRIAIY ..:.JE':
socz| " T TTTTTTTTTTTTITETTT
39VO ‘ML
~— —-— — rx —_— T g N 02651 A373
—-— \ (999997 ~
B e RN e SO
o, T m.&.\\|l¥b\. oAINVYOAH @ \\\\ : ~ A e
\0 & IJ..J./ ey J.nﬁ P\ \\\
R A T, e BRI ey TR N N o
O 74 g~ oy, e /9 /3 g B
X% 5 & oo YERE Bty 3 3 =) \ s
: : S £ e 7
Ci Q\ ~— —-_— 2 S SN AS o
% Sr // //M\w

nnnnnn
0'$097
A373

M...wxo:m dind

111
i
09557
A377

waJ/_w_.( es, L %
- =L
I
L] \\a el )
e =2 E 7T ——
et AR AARY

O'9SST ‘ML

Nwom 14 62-02 sinm—

w_~SIINIT T300W B

PLATE 30




—

S42 00021 394VHOSIQ dH3AIY
13X0N8 diN4 OGNV 1371N0 8 Nvd

SNOILIONOD MOT4 30VyTIVL

AINO MO7T4 L1371N0

WO0L1108 3A08Y 14 ¢
Sd3i N) mw_._._ood>q'

aN3937

$42 000 21 137400 ONILVYIND3Y
035072 3ISNOHE3IMOd

SNOILIONOD 9NIL1V¥3d40

92 31V7d NO NMOKS
$71v130 T3NNVHD ONV L3XINB di4

310N

B

£957 N373
04 JdN3Ialy: T T T T2
=
2 v o= = Mm
. s 02661 4373 b
)
G e =
7~
\f/ois\. 3 L i s ]
9 ormveasn 2 P e R
M \\&% \\4—/ o / i 13X0N8 4174
~ 8 y N\
~ \ S LN\% - S m
=
vr 4377 2 s Y S SREsEmeeE| i ) s
S / & N -y S g
I PN -
N 5 .
\

3SNOHY3IMO4

0°6SST ML

W

\PF&WVV// /,/, \\\

LLLLLLLLLLLLLLLES

0 08s1 N33

.
0'GSST ML

mtui 14 0fF-§¢ mu\,Sgp

®_~SIINIT 7300W

PLATE 31



