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Plate

1.

2:

bescription of Photographs
Gilboa Dam

Overall view of masonry and earth dam sections and spillway channel at toe
from right abutment.

View of downstream slope of earth embankment section from left abutment. 3
APPENDIX C

View of masonry section from transition wall.
Note: Deterioration of downstream steps and baffles.

View from stilling basin area showing overflow from spillway channel to
stilling basin.

View of immediate downstream area showing stilling basin dam at bottom
of photo.

Close up of baffles and steps from right abutment. Baffles at left
were removed. 3

8. Close up of downstream step deterioration from spillway channel.

Hillside slide downstream of stilling basin.




——r—

[

e Gwand

e e th

Phase I Report

Name of Dam: Gilboa Dam - Schoharie keservoir
State Located: New York

County Located: <choharie

Stream: Schoharie Creek

Date of Inspection: May 3, 1978

ASSESSMENT

The visual inspection and evaluation of the Gilboa Dam did not reveal any
problems which would require emergency action. :

The yellow report cover implying further action, was assigned as stability
analysis under maximum water level is required. However,.a recent study
which was not available for our review may have included these analyses. In
the event that stability analyses have been completed and -the results of
these most recent more detailed studies did not reveal any structural
deficiencies no further action will be required.

It was our hope that the Power Authority of the State of New York would make
this report available for our review prior to preparation of the final report
for this dam. However, this was not the case. As we were not able to inspect

the dam when no water was flowing we feel that review of this report is essential

for commplete analysis of the safety of the dam.

Results of hydrologic analysis conducted for this report indicated that the
spillway is adequate to pass the PMF.

R. Jeffrey Kimball, P.E.

L. Robert Kimball & Associates

> R tration No. PA 26275E
i Approved by %J/j/;‘{/\‘ﬁ)}/l/l/?/l

CLARK H. BENN ~ ~
Colonel, Corps of Engineers:
District(Engineet

770 L(u”f).
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1.1

1.2

General
a. Authority: Authority is provided by the National Dam Inspection

b.

Description of Project:

PHASE I INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM
GILBOA DAM - SCHOHARIE RESERVOIR
NY ID No. NY 178

SECTION I PROJECT INFORMATION

Program, Public Law 92-367
Contract No. DACW51-78-C-0025

Purpose of Project: Evaluation of non-Federal dams to identify dams
which are a threat to life and property.

a.

Description of Dam and Appurtenances: Cyclopean masonry overflow
gravity dam with zoned earth embankment at left abutment.

The structure has a stepped downstream face. Overflow cascades
down the face into a concrete paved channel. This channel flows
nearly parallel to the dam crest over two steps to a stilling
basin. The stilling basin is a pool formed by an old low
concrete dam.

Location: The dam is located near Gilboa and Prattsville, Schoharie
County, New York.

Size Classification: The dam is a large size structure with a
height of 183 feet from the rock foundation and 166 feet from

the stilling basin pool. The dam impounds 60,000 ac-ft at normal
pool elevation (1130 feet).

Hazard Classification: The dam is classified as high hazard
potential.

Ownership: The dam is owned by New York City.

Purpose of Dam: The impounded waters are a part of the New York City
water supply system.

Design and Construction History: The Gilboa Dam was designed by
the owner and constructed by Hugh Nawn during the period of 1917
to 1926. The dam was placed in service in 1926.

Construction drawings are available at the offices of the Design
Division of the New York City Water Supply in New York City.
Construction specifications are also available.

The chronology of the structure is listed brieflyon the following page.
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1.3

1. Construction 1917 to 1926

2. Placed in service 1926

3. Spillway exit channel paved with concrete in 1950

4. October 15, 1955, the maximum recorded overflow of
6.26 feet (elev. 1136.26) over the spillway

5. Test borings, soil sampling, masonry szampling,

monitor insta!lation, completed by UHL, Hall
and Rich for the Power Authority of New York State in 1977.

Normal Operational Procedures: The reservoir is operated as a
water supply reservoir with water supply extracted as required.

Pertinent Data

a.

Drainage Areas: The Gilboa Dam impounds the waters of Schoharie
Creek 6 miles downstream of Prattsville. The drainage area is
314 square miles.

Discharge at Dam Site:

Maximum known flood at dam site: 54,150 cis discharge on
October 15, 1955.

The total reservoir inflow during this storm was 69,062 cfs.
Normal daily outflow is approximately 400 GD through the
Shandaken Tunnel. The tunnel invert is at elevation 1050'.

The maximum outflow through the tunnel is 600 MGD (928 cfs).
The maximum design discharge over the overilow section (D=13.25'

water level 1143.25') is 168,000 cfs. The maximum flow at
el. 1150 is 307,000 cfs.

Elevation: (feet above MSL)
Top of Dam: 1150.0
Maximum pool design surchérge: 1143.25

Full flood control pool: Top of Dam 1150.0' assuming stability,
1143.25 from calculations.

Normal pool: Spillway crest 1130.0

Water supply tunnel (Shandaken Tunnel) crest:
2 gates at 1050 feet, 6 gates at 1070
Tunnel invert 1050

Streambed at center line of dam: #Approximately 980

Maximum tailwater elevation:
Design - 1024




Reservoir:

Normal pool 1length (at el. 1130): 22,000 feet
Length of maximum pool (at el. 1150): 31,000 feet
Storage: (acre feet)

Normal pool (at el. 1130): 67,510

Maximum storm storage(at el. 1143.25): 84,000
Maximum storage(at el. 1150.00): 95,575

Reservoir Surface: (acres)

Normal pond (at el. 1130): 1,142

Storm storage (at el. 1143.25): 1,480
Maximum storage (at el. 1150.00): 1,557
Dam:

Type: Cyclopean masonry with full overflow section and
zoned earth embankment at left abutment.

Length: Overflow gravity section: 1324 feet
Earth embankment: 949 feet

Height: Overflow gravity section: 183 feet
Earth embankment: Approximately 135 feet

Top Width: Overflow section: 15 feet
Earth Embankment: 30 feet

Side Slopes: Overflow section: Stepped downstream
Earth embankment: 2.5:1

Cutoff: Concrete core wall cutoff.
Grout Curtain: Single line with holes spaced 5-15' apart.

Diversion and Regulating Tunnel:

Two 30" pipes located in reservoir at elevation 998 feet.
Discharge controlled by gates within dam. Not opened in
recent past as there is some speculation that they may not
be able to close gates. Access to the gates is through the
concrete tower at the transition from the masonry structure
to the earth structure.

Normal outflow is through the Shandaken Tunnel.




i.

Spillway:

Type: Broad crested weir, total length of masonry gravity section.
Length of Weir: 1324 feet

Crest Elevation: 1130 feet

Gates: None

Downstream Channel: The stepped overflow section flows to a

side channel at the base of the structure and into a stilling

basin.

Regulating Outlets: Shandaken Tunnel.




2.1

2.2

2.3

2.4

SECTION 2: ENGINEERING DATA

Design: A summary of design calculations, specifications and
construction drawings are available at the Design Office of
New York City Water Supply in New York City.

The calculations include evaluation of dam stability and
hydraulic calculations for the spillway.

Construction: As built drawings noting construction progress
are available.

Operation: A record of reservoir water level has been maintained
since initial operation.

Evaluation:
a. Considerable data is available for the age of the structure.

b. The data accurately documents the construction.

1
|
|
|
|
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3.1

3.2

SECTION 3: VISUAL INSPECTION

Findings:

a. General: The structure appeared to be in reasonably good
condition for a 52 year old dam.

b. Dam:

Masonry Structure: The downstream steps are in need of
minor repair to prevent further deterioration.

Earth Structure: No signs of instability, erosion, or
seepage were noted. The structure appears to be stable.

c. Appurtenant Structures: The concrete channel at the base of
the dam is in need of maintenance. Several of the large blocks
have deteriorated to a point where reinforcing mesh is exposed.
Joints between blocks are being enlarged by continuous low flow.

d. Reservoir Area: No signs of reservoir rim instability were
noted or reported. Some hillside slides were noted downstream
of the left abutment.

e. Downstream Channel: A slide was noted on the left hillside
just downstream of the stilling basin. It did not appear to
constitute a major problem relative to the safety of the dam.

Evaluation:

The visual inspection was limited by flow over the spillway which would

conceal any seepage through the masonry structure. The owners personnel
reported that no seepage is evident during dry peroids. Some maintenance
is required for the downstream steps and the overflow channel at the toe.

No signs of instability were noted on the earth embankment portion of the
dam.




Section 4: Operational Procedures

4.1 Procedures: Gilboa Dam is maintained and regulated by the staff of the
Catskill Division of the New York Water Supply Department.

4.2 Maintenance of Dam: The structure appears to be well maintained and records
indicate that major maintenance was performed as needed.

4.3 Maintenance of Operating Facilities: Maintenance of the emergency draw-
down facilities has been lacking since the condition and operability is
unknown.

4.4 Warning Systems: No formal warning system is in use.

4.5 Evaluation: Adequate major maintenance is performed on the dam when needed.
Maintenance of the emergency drawdown facilities is lacking. A written
warning system and evacuation program should be developed.

10
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Section 5: Hydraulic/Hydrologic

5.1 Hydrologic Evaluation of Features

a.

Design Data: Calculations performed in 1917 by New York State
Conservation Commission titled "Main Dam Spillway Capacity" (see
appendix E) estimated the PMF inflow = 80,000 cfs. Allowing for
discharge and storage without flood routing a maximum water
depth of 8.2 feet was calculated.

Experience Data: Reservoir water level records are kept by the
owner. Inflow records are kept by the USGS gaging station located
on Schoharie Creek at Prattsville.

The maximum discharge recorded at the dam site was on October 15,
1955, 6.26' of water over the spillway crest was measured. This
corresponds to a discharge of 54,150 cfs(max. inflow measured that
day 69,000 cfs).

The "Upper Hudson and Mohawk River Basin Hydrologic Flood Routing
"Models'study prepared by the New York District Corps of Engineers
modeled both 1948 and 1972 rainfall events for this reservoir.
Hydrologic parameters developed in this study were used to develop
the PMF for this study.

Visual Observations: At the time of the inspection approximately
0.1 feet of water was discharging over the spillway crest (water
elevation 1130.1'). The masonry portion of the dam is an overflow
section. As water was flowing over the dam a close inspection of
the structure was not possible.

Deterioration of the baffles on the top step, the spillway channel
at the toe of the dam and several areas on the downstream steps were
noted. These items should not adversely affect spillway capacity.

A hillside slide was noted downstream of the stilling basin but
it should not affect the dam or outflow capacity.

Overtopping Potential: To determine the overtopping potential for

Gilboa Dam, a flood routing was conducted.

This potential was investigated through the development of the
probable maximum flood (PMF) for the watershed and the subsequent
routing of the PMF through the reservoir system. The PMF is that
hypothetical flow induced by the most critical combination of
precipitation, minimum infiltration losses, and concentration of
run-off at a specific location, that is considered reasonably
possible for a particular drainage area.




Elevation

Elevation

PMF Peak =

PMF After
Elevation

Freeboard

The drainage area contributing to the Gilboa Dam (Schoharie Reservoir)

is approximately 314 square miles. Snyder coefficients were
developed through watershed modeling done by the Corps to define the
basic hydrologic working tools, the unit hydrograph. Using hydro-
meteorological Report No. 33, the PMP index rainfall was determined
to be 20.0 inches for a 24 hour duration, 200 square mile basin.

The percentages of the index rainfall applied to other durations were
interpolated from the plot of drainage area versus percent of 24

hour storms,200 square miles. . The computed PMF peak flow was 150,900
CFS. After routing the PMF through the impounded storage, the peak
flow was reduced to 149,500 CFS. A plot of the PMF inflow and
outflow hydrographs is included in the Appendix. Assumptions made
concerning the discharge-storage capacity of the dam were:

1. The reservoir pool was assumed to be at elevation 1130.0'
(spillway crest).

2. It was assumed that Shandaken Tunnel inlets were closed in
developing a discharge rating. This condition is possible
and leads to a slightly conservative analysis.

3. A weir coefficient of 2.64 was assumed accurate from available
spillway capacity data. A total spillway length of 1300' was
used.

4, Elevation - Storage data was calculated using U.S.G.S. topographic
maps.

The ability of the Gilboa Dam to discharge the standard project

flood (SPF) was also evaluated. The SPF peak flow of 77,050 CFS was

routed through the impounded storage and reduced to 76,460 CFS.

The SPF outflow is indicative of a pool elevation of 1,137.9 feet

above MSL, 7.9 feet above the spillway crest. The PMF outflow of

149,510 CFS is equivalent to 12.4 feet above the spillway crest.

Summary of Flood Routing
Gilboa Dam

Top of Dam = 1,150.0'
Crest of Spillway = 1,130.0'
PMF Routing
150,930 CFS
Routing through Reservoir = 149,510 CFS
of Routed PMF corresponding to 149,510 cfs = 1,142.4 feet above M.S.L.

Remaining = 7.6 feet

Spillway Surcharge = 12.4 feet

12
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SPF Routing

SPF Peak = 77,050 CFS
SPF After Routing through Reservoir = 76,460 CFS
Elevation of routed SPF corresponding to 76,460 cfs = 1,137.9 feet above M.S.L.

Freeboard Remaining = 12.1 feet

Spillway Surcharge = 7.9 feet




’ Section 6: Structural Stability

6.1 Evaluation of Structural Stability:

a. Visual Observations: No distress, settlement, or movement was noted
during the field inspection.

: b. Design and Construction Data: Calculations performed in 1917 indicate
that the resultant of forces acting on the dam fall within the middle
third with a water level of 1,140.0. Calculations show that instability
of the top block is present whenever the improbable condition of a ]
water level of 1,140.0 and an ice pressure of 27,000#/foot coincides.
No calculations were made using the PMF water level (1,142.4). No
stability computations were available on the earth embankment portion.

c. Operating Records: Withstood record storm - October 15, 1955; elevation
1,136.5"'

d. Post Construction Changes: No post-construction changes have been made
to alter the stability of the dam.

e. Seismic Stability: The structure is located in seismic zone 1.

Seismic activity should not be a factor unless static conditions are
unfavorable.




Section 7: Assessment/Remedial Measures

l 7.1 Dam Assessment:
a. Safety: This dam does not appear to present an immediate danger

i to life and property. Some preventative maintenance of the spillway
blocks needs to be performed before the condition becomes worse. The dam
does not appear to have any serious operational deficiencies.

l b. Adaquacy of Information: The information available for complete analysis
of the dam is inadequate. The validity of the information appears to be
good.

c. Urgency: The condition of Gilboa Dam is considered to be a non-
emergency situation not requiring immediate action to protect down-
stream development.

d. Necessity for Future Analyses: From the information obtained from
the drilling and testing program conducted in 1977 the stability
of the overflow and earth embankment sections should be evaluated
using the PMF water level. It appears that these analyses may have
been conducted however, they were not available for our review nor J
the drilling and testing information.

7.2 Remedial Measures:

a. The spillway steps should be repaired to prevent continued
deterioration. Some of the facing blocks have deteriorated and
fallen off (see appendix C, Photographs).
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GILBOA DAM

The bedrock located in this region is Devonian sandstone of the
Ithica series. This stone is exceptionally sound and durable which is
evident by its resistance to erosion by the action of Schoharie Creek.
This series of rocks lie practically horizontal. The mineral content
is relatively simple. The dominant constituent is quartz which makes
them an unusually good foundation material both br sample strength and
relatively insolubility. In general terms, these rocks would be classified
as a strong durable quartz arenite.

During the glacial period of the late Cenozoic Era, the area around
the Gilboa Dam was part of the lake. Glacial blockage to the north
forced the water from the retreating glacier to discharge to the south
in the area of Grand Gorge. The existence of this lake lasted for
several years which allowed accumulations of lanminated clays to develop
in the present day Schoharie Creek flood plains. These deposits are

very dense and impervious to water movement.
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APPENDIX B
HYDROLOGIC COMPUTATIONS




—

——

gy X7  pare

- L. ROBERT KiMBALL JOB NAME
! == Consulting Engineers JOB NUMBER SHEET NO. OF
| 1l boa. Dam /V/OA?WI Kiver,
|

basz op //ya//’o/o g1e. Flood Koultsg Ltodel, Ypper Hudson
/()u/e"r 544,/) CO‘;—_ /)foku:/«?o/ .6 // ae E

5«55«5 /0 C/dra.cfer/.fﬁ es 2 _.__.

Subbazmn \ZZ@ Jf ot ~ : __:i;
N0, Zai (hr. ) < Pl é?zcs/\/é_/: " Lrrox. e
24 paf | T dan /.3
2.5 /3.4 -7 2500 /.3
7 43 ) hE 70 /.3

/27 fo g e §o 0 /.3
St Epitiail Ttk | Cosiiand”
/2, Flow(cfs ) Loss (zod|  Logs /,ﬂx,r)
& 4 i =, 0 0. 075
i 3z0 Z.0 o.075
1
a
- 4 iU PR g 0,075
/27 1S L5 0,9 75" ]

44

- LMOEX PP ze




e

7S L LKEI T _2)///(/’ /S AV N LD FEEI S, AT AL D

ERDPTAS D, Ak = B ST s = éﬁ) okl A

A L - ame s LS A s E T D ommlT A SE STl L W
S 9 5 N

Pt DI s rd SIS DR S g g SR _2/(////
==
/.5;‘,@4_3,'7'/,: O = o e Vs ) A SRt DEDN A TS
P e DD S AT TSI S K S O S T A=

5 . ) # AN =
FLEECEEDARAE AT Loy B, 5, F , Aeed e s

A D E5 EPE ATE DNE TR AL AT J P o) 7.{:-15/
RID LI TR AASEL) el B et Tl ke S oy s
AAELT =S CouA LT FREEIS.E SAS ADELOTRDIALE
TO THE FOLLDWASE SCTHEZIAZ7LC V= o e

SIS

2%
/079 &

= - P AT A T

bt ZD
Sz ow S

w0z Y 2

<* - e T
it ./j//‘,".‘_':-r AP AL

any,'é/e/ by . R.E.




..NL:..m H o)

’
T o, —

waq ...m.m V4

VSN MJAVN COD UISSI W VIIINEN mEon
o2

SNOISIAIQ 93 X STTOAD € DINHLIUVOOT*INIS =i

(A PU

DCPTH-/




25 N

————————

SO FELELY (R

b2 s,

5

¢F  DEQLTH-ALIA PURATILN

7

et S T

€€LS oY

el e

VSN N JAVA ‘0D BIFST W VIL4NIN 2o
SNOISIAIQ 78 X SITIOAD § JINHLIUVOOTIANIS b x




loo

T TNy

€ELS 9V

L by

v'$ 0 i JGVA "0 YISSI 9
SNOISIAIQ P8 X SITDAD € DINHLINVO

344038
O *IN3S W

o

"

ArdA PURS

TH-

off  DEr

&




"‘T“‘—ff‘i‘

B A=

e
Bt
Sy

[

-

R Rt

RS EERTE T

1}

[

Cowads VY
€ELS OY e

VS0 NiJAVA 'O YISSI W TTSIN3IN Nox
nZO—m_>_OvnlmuJD>UnUNEE_¢<8J-.2um




L. ROBERT KIMBALL JoB NAME __NY Yom I, gy U5 DATE _ U
. Consulting Engineers JOB NUMBER SHEET NO __/ ___ OF

RS

19

Grusoa  Dam

ELEVATION-DISCHARGE RELATIONSHIP o

Frem ch.,lql':'. caolculations by New-York Conservation Commission_ . .
Spillway 'cv\gf‘h = lzo00’ Q= CLHR = 2,64 __,;_
Initial Calcula trons for spiilway d.’scharc’e and s%obih*r
tonsidered 10" 6% head over spittway.

Spillway Crest elevation : 1130.07  'Tcp of dam 11500 -

Q=264 (1300)R "

ELEV [ b roraL @

{ i
(Fry_| L ey |
' i i
ifEe | 8. 0 l
| |
i (5l g / P J93z2 |
T 2 1 %y |
! i l
Lrgs | & gmras ]
i | 3
i |
1139 | 4 ! 274956 |
|
135 | ¥ grave
| |
1136 | 6 SC440 |
1135 | § 77657
i
11ve /o joysag | e 2
r - 5
i | i !
R P , 12 i 192666 1
{ ! i i
j : ’
FCCEE g 19779
i | {
1 ’ 1 i
J1496 | 16 | 21964v!
| l $
! i i
[ A 1yl 262093 |
Hsoo 20 i 306967




'é L. ROBERT KiMBALL s08 NAME T thatr Liaaw Lo eYy_U T DATE £/
—= Consultiag Engineers JOB NUMBER SHEET NO. __2 oF___|
GiLgoa Dam
ELEVATION - STORABE RELATIONSHIP 5
‘ “LEV. oTA | SCMARGE i '
J t(;"f” sTERAGE B Fi %y i,
: g UBEBEEXY (C.F5)
g 129§ i 2432
i
[ 1432 as5q0 i 7707
|
| 113y S17¢ 27456
| ! i
! : i
SO E T e 7767 i sS40
_ i
113% . | 10356 5 77657
i ; ]
!
11490 12948 § 1 0¥52%
i




ol
490
q4
u h
o
J <€
[
1w
-
0 W
v
)
u
s
o
z
n
B)
'y
o
o
s 3
: §
o
£
x
J =
a3
r S
g

=;

JOB NUMBER

ofs

(01 % (L 3YIY) FOVW¥oLS

oY ol Q

oelt

vEs

i ket

s 9511
P AT
L 0%i 1

thitl

(Ld) NotawA3I3

P ! S hht!

—Z(Q (O@J_O




o *nef 00°0 20°0 1Y s {
*492 00°0 20°0 01
681 €0°0 91°0 6 i
- i rEEY 80°90 S%*0 8 B e s T 2
*gg %0°0 22°0 L @
‘e9 1v*o %C*0 9 -
T, 19 10°0 $0°0 s " ool g et —
*<q 10°0  %0°0 &
13 000 1D%D €
&, L * 05 00°0 1060 2 N i s iR
*0s 00°0 10°0 1t
. 0 dw0d SOX3  NIve  3WIL @ n il e SN
i %074 Q0IE3d=40-aN3 ¥
) ‘L1 7 Nl W TR S N )
L 7 29 °9% ‘oL 001 *EEl *s5i1 *6c2 *02¢ T4
*€LS "R9L *R201 *9L€1 *ToL1 *9191 *5591 6Ll ‘919 2Lt

_0C°T #70A 69°0 4gd °*SdNOH 2€°6 #9V1 ¢SILVNIGUO GOIN3Id=-30-0ON3 22 HJYHO0MTAW LINA

SIVAHUZUNT S9°E w4 ONV ©G°S #D1 38V dL ONV <D MITANS N3IATIO WOXd SINIIDI4430) »uw) 3LVRIXO&ddY
0E°T #p011¥ G002y : 00°1¢ EDLELS
TIVA NOISSID3IM

0 #ViIN 0L°0%d) 09°s  4dl
YIYG HJATEOOHGAM LINN
g1°0 0*0 L0°0 00°2 001 0¢0 00 00°1( 00 0°¢
dWIiM XSy ILSND LAls ¥OI1d SMH1S NIV¥3 014¥ H¥M4i70 M¥HLS
viVCe SSON

168°0 SI WYH00sd 3HL AB G3LNGAOD JDaSal

0°0 0°0 00°s2T 00°s61T 00°6CT 0S°S6 00702 G0
B 96 2Ly 9%y 52y EAE] oN Shd 34¢5 g et e
vivad d1234d
AT 0 [ 0°0 (4] 90°»1€  0°0 og et 1 1 NI I R A
Pl Iv007  3MVSI MONS T OIlv¥  DJdSHL vOSHL  dUNS vasvi 9Nl QUAKL

VivQ HaVYOOMNOAH

1 ) Y 03 0 0 1 i
IWYNI  luer 17er 3dvil  NOJ31  dWOII  OVISI
dWd 2 Y3EVENS

NOILVLINdWOD 440NNM VYINY=-AS

Aassansns sssvonanns aonanssnns sossssscan cossspsncs
0 €
e 1MN ¥3dor 5 eI AR T N1 " 35 Nl holgiit e I,
0 1 4 0 9 0 0 0 r4 0s
NYLISN Lladl  LdI  JIML3W NIWD  ¥HI AVOI  NIWN  ¥KN ON

NOTLVII[4I334S ©Or

A4dNS ¥3LvM ALID WXCA M3IN

¥33M) I1aVHCHIS

did (M10AX3S3¥ IINVHOHIS) wed YOEIIO

fenponcbgasasvatsnsasvosnebce

10 *ON 39Nww2
9L 90% Q34vaen
€161 NYr Q21va NOISH3A (=23

foocsdoospponasPRDEOEBBBOO DY

(LR DR

Jeem—




v —— RO ——" " n———
g . N *1191% *L221% *LLLYE *81€sT 14=0v s _
1 se*sl 19461 SS*Lt 1£%2 S3HONI G i T i
819142 *G269 *2essl *6Le9e *9R%2¢ sS4
iy SN ___ 3WDICA VI0L  ¥NOH=ZL  ¥NQH~=%Z  MNCH=9 Ny3d AT o S SR TV ] L -
*029152  €S5°6l 62°22 WNS
i *%2€ 0°9 0°0  0¢ i Sl e T e -
*eCr (O} 0°0 6%
i e ST | e R . *ZnE 0°0 00 8% R IR o e 4
*lse 0°0 0°0 L%
*09¢ 0°0 0°0 9%
R et 1 *0LE 0°0 00 g% i e B
- ¥o *0R8E 0°0 0°0  w% A e ST i
* 068 0°9 0°0 €4
L e e IR 0°0 (4] 5 R ol 3
0°9 0°0 = 1Y N ST T e T e e
0°0 0°0 0%
0°0 0°0 &€
% Sl oR - 0°0 0°0 %€ ey e L T B e s e
0°0 0°0 L€
LT ‘0°0 0°0  9f
g L gL B oual 0°0 0°0 st = Fhe i g i
*Les2 0°0 0°0 %€
. *UL%E 0°0 0°Q €€
*6ESy 0°0 0°0 2t S s
*£029 0°0 0*0 1€
A = ) ! 629 0°0 0°¢ o€
s IR e i *UR0TT 0°0 0r 62 R
*56991 0°0 0°0 e2
: HEEST 0°0 (i
: } t ¥ huaHZ 0°0 0°0 92 o T
*5e20¢ 0°0 0°0 &2
G et A e - *ggs2c £2*0  9E*h %P 2
o . S LY €2°0  GE*0 €2 E R
. *w21€2 €2°0 s5€°0 22
s A o ) *2Len1 Sy*E  BS*E 12 -
*15¢€L 06°8  20°s6 02 P NG
“0G1E 0E*y  €9°% 6l
far b i e *»051 §9°0  0°°0 81
o SONE TN Queg  ¢8°0 L1 e i e e g
*Lie €20 09°0 91
* 028 %0°0  %2°0 ST
- e *62€ %0°0 %2°0 %1 AR e S e et gl
. *HEE %¥0°0 %2°0 €1
*LYE 00°0 20°0 21 2 :
b

N

LU R T LELL ]

v




J .
J .
i - .
J - .
l— -
J -
J .
J .
1 .
3 .
1 .
1 .
J .
J -
hl .
- .
b | .
1 .
1 =
J .
J .
4 .
- .
B .
¥ .
!— .
L .
5 v
X ¢

XXUXXXXXXT

OOOOCEYXOOOOOXNXNNXNXO XXX X T

NAYYYXXXXYYYX

XX .
‘¥ .
xx7 ¥
X L
X1 .
X1 .
= .
l- -
X1 :
X3 .
1 .
J .
J .
J .
J .
J .
0

>¥%SS3OX3

*0

R

L A

e e o o o

* e o 0 s o 0
L I A L
® o 6 6 0 2 c 0 s 2 e s 0 e

e o o 0 0
% % 0 8 0 ¢ 4 0 s s e 00 38 0 0 e e 0
. e o o o

4 e 0 8 0 o 0 s s 00
e o o o o
* o s o 0 0 0

- s e
LI I I )

e o 0 0 o 0 o
e o 0 0 o 0 0 o

e o o 00 0 4 o

*0

*00002
>8%M0T4 G3AN3SAO ANV >0%M0T4LN0

e o o 0 0 o
e e o 0 0 o s 0 0

e

D I I L I
| -

| |

!

; |

i

dsod s

D I )

® e e 2 0 0 e s e

i
|

—

v o e e 0 s 00 00

i

P4 bag et

Pt P bt bt Bd hd bt bt 4 & & 8 © S s 8 s S S S s e e e s

®© ¢ % 0 0 0 % s 0 00 0 s 0 0 0 e o

« o 0 0 0 e
* 0 0 00

|
|

® © 0 6 0 0 0 6 4 5 F 0 0 6 5 8 e 6 G G G s G G s S0 0 8 0 e e e s e e o

e o 0 0 0 0 o 0
e 8 o o 0 0 s 0

RETERE

nw




*92e1Yy *BES9E *1eent

L9°61 €9°Ll 10°L

*5269 21481 *€L962
3ANTOA VL0L YNOH=2L UNOH=42 UNOH=9

*09¢€ *giE ‘08¢
Lg%l 66l *2892
*00s%2 °Sis62 °gL21¢€
*68y *lne *62¢€
b ¥ °19 =55

e 1v SrO74 Q31N0¥

00 [ 0°0 0
¥S1 X  HMSKWY ov1

0 ] 0°0 0°0
3nvSI S3NI orv $S07D
Yivg ONIINOH
0 0 0 0
lydr 17d4r 34V1L1 N0ODJ3I
ONILNOY HAVHOONUAH

ansadosonan dossnosane

e e s i

|

AT *SLy
*9€E9 *0LvR
*gsenl *sclg

e
.om
P ol it
e S 7 Y ra—

re

a4

AR

v




— ’ e AT RPNV e .

0.

0.

0.

.
o
=3 i
© i i
0 i i i
L i
e
@ % % o 6 0 % s s 0 8 s 8 e T e e s s e e 8 8 s L 4 6 6 S e s e s s e e e s e e e e e e s s s
.
< o
S '
ey =
(W] -
o
o
© ® 8 4 5 4 % 6 s 4 6 8 e 6 % s s s 8 8 8 s e 8 s s 8 s s e s e e s 0 e s s s e e e e s e e e
.
=
=
<
0
N
-0
LI I I I I I D I I I I D I L I D D R D R D R IR U I T R T Y T T U T T S R T R A Y
.
o -
=3 ! 2
. o
¥ '
N |
N | {
..llv.'l.tt.'0.‘!...0...‘l‘ll..'....l'......'l'l...
. (=]
o =
(=} | | ! |
= o ¥ !
o o | |
— N !
— [ |
R4
-
N LI T I R I I R I R T R I I R T B R A I R I I T I S T I S S TN S T S S N N T S R 3

INFLOW2I<y OUTFLOWRZO< AND OBSERVED FLOw®#<
16000.

.
(=3 -Oo
o
=3
N
—
b -0
L I T I = I I T N I N T S S S S S S N Y
o -
J =3
o i -0 |
P o |
f ] - O b i
! L I I I I I I S N I R I '
H | . | | o | ' —-o
' | e | ! i ¢ - ! {
{ i © | 1 i { ) (=] | |
| | & i | | i i i | |
L H i | ' H -0 i
i ! ' -0 t ‘ —~0 {
| i i i f - | | -~ i ! f |
! l i i ] K=}
1 i ! | s e O ! P il |
| Pt FABA P b b ba e () F 8 8 8 8 S & & 0 % 8 6 & 9 4 S 0 e T e B 8 S S L A S B B N T AP e e oo l
1 .
| I 0O NMINENTPO~NMINEFRCT UMV TTO~AUMINCNTCO~ATMINOCNDO D
| 1 ettt st = NNV NN O MOMNI P III I N

2QVF*

a4 VU T NG ) DN w2 2 d SCON




kst et

*BL1ISE
*6lLme
*y1%R9
L6ty
*nepue
*rL6Gl
IC’FN
PLELE
‘€602
*60E1
*ORO0T
2201
*HCh
*6LE
CELL
*560

L U2
caty
*LSE
LT
*EUE
S0t
eong
L0t
*EIE

0 4dn0d

014 00Id3d=-340-(N3

*L9 *ve 101
*2%5 *e29 Tes *eR01
€265 *czva *5599 *s2g0
%977

CO°T #70A %L°0 #d2 *S¥NOH (&°E1

SIVASIINI 2E€°2 my OGNV €0°R &D1 3IAv (!

0E°T #&011H

0 #VIN

®1*0 0°0 L0°0 op*e
RS ] YASTIV TLSND qL¥4S

00°0052 #NSON 00°02¢
Viva NOISSE034
SL°08dD 0%°€l #dl
VIVQ HIYNO0MOAR LINR
00°1 20 c*e
»0I11¥ S¥~1S NIve3
vivQa Sso07
00°101 00°C6 00°9L
ey 2t oy
viv0 dI03xud
00 0051t 00
Jdsyl vasal AYNS
Viva HdV¥OCHAAH
0 Y 0
34711 NOJ31 drCdI

NOTAVLINGW0D 440NNH V3MV=-8NS

0°0 0°0 05°a01
G54 2Ly Al
2 0 9 00
avaon 3IWTST MUNSI [oR $8 2.1
. 1 0 ¢
3NYNI lydr 174r
sreospnnnen OGOQOOOO‘GC

0°0
92°0
92°?0
92°0
[ gt 4
c0°L
6Lt
0L*0
62*0
L%*0
%0°0
%00
20°0
00°0
€00
G0°*0
200
S0°0
20°0
10°0
10°0
%0
00°¢
000
00°0
SIX3

0°0
6E€°0
6£°0
£EC0
€82
RLYL
25°¢
€3°0
€9°0
€80
92°0
92°0
92°0
co*e
c0°0
20°¢C
2120
9£°0
Leo
%0°0
£0°0
50°0
10°0
16°0
10°0
NIvH

*He1
2ELEY

*tsns

£q

o
—

D -
——

WM e~ o

*oLl
*2ELL
*HE Ly

WIL

912 *0L2 %t
*qeie *isle YBITE. PP
i ‘ewtcl *o9E

¢S3LYNIOHO Q0IX3d=40=-0ON3 G2 HAVAHOORUAK LINN

ONY D @30ANS NIAIO WOM4 SIMNIIDIL430D »=vI 3LVWIX0HLCY

anssasoony

cpanancose

#01¥1S

00°1 0°0 (A Y]
acILy #¥170 YAMLS

168°0 SI WY290¥d 3wl A8 Q3L1NdWCI Jesyl
00°02 o*0

She 3448

05981 1 1

vIevl  OWNI  9QAMI ey
N - — NO——— — I——
ov1ST ‘ =

dWd S2 Y3¥vens

e

tsosvgacvns

[ Y s T3

(RIS




3ANT0A W10L

*198091
LT°91
*120L2
HNOK=2L

*Sg1086

*L012
‘gote
*0e2e
*6Lee
Qe
*20%2
*uge2
“LLLe
cleve
*69EY
cpang
07-v.lf..
*g1a8
*Hic 01
*LnLel
SLVELT
*gIri12
*Havle
*2694¢
‘LECEY
“HLsERS
*eqnl9
*gse18
*1HsES
“gHn2es

® 4 9 % s * 5 8 8 8 s e s e e s e s s 2 e s o
DCCOCCTLOOVOOQOOHOOO0O0OCOTUCOO

CC O ODOOCODOONLOODCOW T OT OO

AL IR ]
LLcN

96986
¥NCu=9

le°gl

.
.
.

0
0
¢
0
Q

“ e o

0
0
*0
*0
*0
*0
*0

« e o
OO0 OCODOO0O0OTCOO O

CO OO0 ODONDODNOODOODOOUDACOO D
-
o

Wns

0s
6%
94
Ly
g6
sw
4
€%
2%
18,4
0%
6€
SE
LE
€
SE
%€
€€
2¢€
1€
0€
&2
14
L2
92

P TP

o




— - - ~—— : — " . "
A ———— . B s —
| .
5 {\ =
i
i 1 { { { ' 1
| : ‘ | I | | | I : | ! ; | | '
! { | |
| | { ! i
| i
il B I O B R R i e B e o o o o o o0 [0 S 55 [P NSRS [SNS S T SO [ ST AT N Y P LA O T [ T (O T
4 - SO Jy N | P N S e T
© (5] R e e s T B |
xR K X K
v - )X <X
= < K <
-~ - o X 1
% < X
wy “ X X
g (W} o
o L I T S T T T S PO A A 1]
9 o . . o < A !
D wN < % =< {
] - o i '
| Q 1 o = d H
< < X
4 i « { e i
b i > < '
4 v -4 x
o ) o) i
v w L L e S T I T S S S S R R i
' *Q e x ' i H
o3 i i < |
i (&) | . ' %
. | wi { > |
! x i : i x | }
i { a i ' | x
3 ‘ | i f x ! |
[ x
L e e I T I I I I N A R N B
. . <
o 0 ! > |
i | x i
! { >
| i H o
| i -4
|
L A e e I I I e S R S S S R T T S S P
. .
< kel
L I e I I S T S S S S S
. .
- < o
v ® 6 0 8 4 9 e & % S 4 8 4 4 S s s e e S s e s s e e 4 s S E B S e 4 s e s e e s s e e e s e e :
o e . :
B ~*o o . :
= $
2 o
-
IS
N a
w
E > L I D I D R I I I R I R I ) L L I I I I D R I I BT I U R R R
x o . —
ul o o -
o i - :
= o i 3
S =2 i
— o H |
- Q- Il
< z - |
3 - < -
w L L I I T T O T N T T T S T S T N Y
v e .
p oo o
. _RD |
Z O
oo
4D - -
'S
5
o L I L R I e I T O S R N T T T T T T T R S S,
. .
co O
v o Ll
~ o
R -
x 0
o
ik -
W
= ® % 6 2 P 0 e * S e e 0t e 4 8 S e P G P e S S P G GG G 8 2 L e e N e e s e e e e s e o
Lo .
o =]
< -
f =1 \ i ]
<o . -
4 ! | —
I i
' 1 -
LI A D D I D I I I B D I R I D D T I D T R R T N T T S S S N R
{ i . . { | - I
{ & s | - i
o { ) 3 \ . { | H i
o | i i !
o | ! | | | \ - \ |
N I | L v — | |
| | | | ! | | Lol I I
! H = - :
! ] P b bt bt i
Ll il o B Bl e Bl i e Bl i Bl B T I I I I T U T T T N S T S S T S S U R Y '
1 | . . '
\ ] © CMNMINMONDLCOCC~NANMIVIFDVFPOANMINENCPTC~NNCLIINONTRC~UANI OO TR 1
| | e e e e e AL VL VIR, VI VI VI P PR VI R I aa BRI T s B o B B o IS W, SR JC N 0 TR S S S 3

I | | ! | ' i ' 1
’ ]

FEREINCE . . N5 (I




| NS

o L2 s *gne2

1 *coio ‘62LL
“£5959 °20428

*69L61 *€R06

) *ety *i59
sastsoRLsD

*29%¢£02

16°31

retsteet

IHNI0A Tvlod

“l1=2 0992

‘eeLs *50%2

*Ler10t *19%y

*103% *gLS2

*605 el
0 0

3INYNT 1ydr

sasbasenon

*060202 *602691 *e2919 14=0v
eL°91 S0°%1 21°s S3AHIN
*SH6EE *992s8 *022%21 *€9LL21 S42
HNOH=2L HNOH=%2 MNOH=G M¥3d
*01L2 ‘2812 *9Ge2 *LLIE
14 *2€Ls1 69661 *29¢€52 *2gece
Lit *ESLL2t *gceq2l *cheell *60116
*5691 *e0%T *05E1 1621
“6FE *89¢ *LSE *neE
2 1V SHEVHEOONOAH 2 40 WNS
0 0 0 g 4
17er 34v1l NOD3T dn0J1 ovisl

S

HAYHI0XUAH INIFWGD

foonannacy soenscsooan

I

*eeRE LED)
*ee60y *L002s
*SEEHY *HehRt
T8 "gL0t
*LSE T *2yE
sondgasaocy

oNADs




=]
l...'..0..lc.l..ll-‘l.’!-.....i.l..I..O'l"’.‘..'..
.
o {
]
| |
Sl . B BRI U BT TR I RN PR e e GRS SO [ (S W
.
< .
|
bt L, LA S URE SURL SR ST R & AL ECRRICTE B (3 S~ S P O e SIIOge JPnSr el ISR [P0
.
o
l.'lllb.."....'..‘l....!.‘.l.l........Q.‘.'."l..
.
o
l.l.lll....lQ..l'......l..."....t..l...I-ll......
B
<
<
<
o
< —
— =
v ...l'0O'..'....'..O....."..ll...l‘...‘-.l..'....'
& . —
*_ O
E=c -
oo
-4
SV
—
N Q
w -
> LR R AR R R R N R SN RN R R I S R T L O R FTAEva SR S g
x o
W o
o
2z o -~
o oo
- o
- D~
<< z
= s -
N ..Qi‘....b........'..‘.'ll.l....."I.l..'l'.‘.l‘.l
vV e
S o
g
T O
cc
i
e —~
- —
2
o .....C'l..‘l'....l..00".'..'....'0.‘.'....IIQ.."
.
(=
v o
.- e
* o
=z 0
o
-~
s
& lcoo-o-on.ooonn--..o.-u-.ao-a.o-—.o.-a.oocn-oo.t---o
- —
S
o
o —
=3
L
-
C.....Db.l.'.O...Q.‘-‘....“.'......HO..'.....Q....l
. ]
=) ! ! | ! — i
| =3 | !
} o — |
> ~ i — 1 {
N { | - | '
! - M { 1
| | { - | | [, i
| { el e I e
NRMHKMF'NﬁH.'...l.'...‘.'..0.'.............'.I.l." |
|
0—"'\1(')4UﬂOF10Ci-—Nﬂ#U\st‘F(l‘OOﬂNﬂs?lﬂ»c&QQc—-N(ﬁ4\“\0"ﬂ7\7‘0~f\:f"¢m(‘f‘ﬂ‘0‘6 H
‘ e e eet e e () NAOUNANAUNNNMMOOOOOMO® S G fr¥IIrdrrran i
{ | |
& | : | | | ' i
W | } | | | | | ! | | } |
> ! i ! | i | f | | ! i
o ! | ! | | i
] \ ! H | ] ' : i
|
|

VAN QM 4 N LN PO L)




*6E1€02 *909102 *304491 *05h6S 14=2v
L5°91 9L°91 0641 ge° " S3HONI
cocruddl *L6EEE *lsEnR *a£e02t *ocenel S4 - i
IWNI0A IVL0L YNOR=EL HOOH==D #NOH=G ¥V 3d
*9092 *6152 *ynLe *06w2 *L60E *afye *6E9Y *09sS 2102 ki) T
*9c?1l i 0 ] LT veeZ2 *L1zee *RZTLE *eolLY 39565 LUlwL
6 *H%1901 MCAEITA *ogesl MCII PR *965001 *55€2L *2192s *2i21g 19291
*GE0Y *egEl 191 *LO%1 *22et *geel *2ott *2€6 i §-7 4 § Y e Y
B EL) ‘9ls *2rt *<9C *lct *LGE *6SE *25E *25¢ {
€ 1y S¥074 G31Nod E
0 c°0 0°0 00 0 2 E
v¥01S ¥Si X MHShY oy JCLSN  SdISN i
0 0 00 0°0 0°0
3InvSI S3di oAV SS0T) SSO010
v1iVG ONILNOY Fan s L e el
0 0 0 0 9 1 € :
AweN] lyqr 17er vl 023! dnQd7y ovisSI
ONTLNOHN HAVHSOMOAR 5 :
ssaspannns ELE RS LS 2 2.2 1 anbs0asnne fnpnberack tanpponnas

R eNADe




@
|
@ o % % 4 8 4 e 3 2 % s e 8 e T S e B e e A 8 0 W e e vV e e e s st et e s e oo
.
=)
| : |
O i
| 1
|
| | | I
© ® 8 @ 8 4 & v 3 e 8 s s e s ® e s s s e e B s s 4 e e e T L B S e e e e T e T se e e
. i
(=] ! |
| |
| | !
! | |
» i . |
! {
| L T S S S T I . I )
.
(=]
| ! !
L T T T I T T
.
<
]
K, @ 5 % 4 6 8 9 4 e 6 e e s 8 e O 4 4 s 8 s s 6 0 8 e 0 e 4 s e e s T L L P L e e e s e e |
4 . |
< <
. <
o 1
oS |
k3 -
— —

v
& . O
%» ©
x o -
2o
Jo
W =]
= | i
. ] (=]
W —
> D T T O S I S = R I I R I I L T I I
x .
A w o
v o
z Do - o
o oo !
[and =1
- Q~
« -
(8 B3 -
%] LR L I T D I T R R I T T R I B R L L I T I I D D I DN I B I I D D O DL D D I DR I
Vv e o
oo
»> o o
x O
c o
—J @
|’ -
-
pol
o

® 6 % @ % 0 8 e 8 P 8 8 e e s s e s s et e s e e et D e s sttt e

MO MOmMe

.
bl
v o
- o L)
g
=0 o
o
‘..‘..J
z @ 8 0 9 ¢ 8 8 3 8 % 4 e s e s 4 T L B G B O A I 8 e T S ke s s 0 8 P P e s s e e e
o — o
=
o
o o [ '
< (=]
<
| | -
| o
| L T I I I T T R T R I I L B I I I O L I e e
! . | \ i o
o o i »a {
< { (=] 1 i
o } | i - O | | i
= = ; H - { ‘
N | | { o | H H | - 00 | | H
i | ! | ¢ | - O |
™) H i 1 OO |
bt bt okt et e R D \ t e ] i
At bt et R e P (DD 6 8 8 4 % 4 6 8 8 8 S 8 5 8 0 8 5 S S 8 % e e A * s e Ve s e {
- {
CMNAITOCNDC C~NMIIPNLNDTORAMINORNT PCNAIN LTI ~AMINLENTT O !
L R e e R e B A VI, VAU A VRO VI VIO P B TLHLILL TN

eQVFe

| 4
] |
!, : |
| | 3 i ! i ! ! !
g5 ' | |
| |




* 0505 4
*024L s2
*95111 ©2 ST T TPl P S o Rt E
. 5 . AL €2 o
£ *56521 2z ik
. *6200 12
*LE7Y 0z i i SR e T 2
*s0LT 61 s
*L29 a1
. .'n\v.. NM T - e e =
*fez 91
o1t 51 e, e PR M 1YL
o= = — [ - .'.O 'wﬂ
LYy €1
Lt 21 ST s K
i S1E 18
°52 ot
b 74§ 6 S L W
P TN e - ‘ 8
°q L
. *6 9 -
.J m x S = d
*h 4
6 €
e -0 N i oy e S B - - -
07 i
0 dw02 Wl M ALIIGE
i ; MON4 0UTe3d=40-0N3 SeeSeeom e
6 *%1 °22 °sE
- - 98 L *5€l *022 *g4e *055 *169 *129 tL19€ oer T
00°T #70A £9°0 #d3 *SHNCH 0€°9 #9771 *SILTNINNOC (OINZ4=40=ON3 41 HAV¥O0:0AH LINN
SIVANIINT 22°2 #u ANV 20°% 3L 3=7 dl ONY dD N20ANS NIATO WOHd4 SINIIDIA530D XNavld 34val¥irdeY
0E°1 #¥O0TLY 00°0L  &£NSOMO 00°01  #D3diS
v1vg NOISS323M o
9 #VIN 69°0#e¢D 0E*9 44l
VIO HAYEO0HAAH LINA ) oyt
0°0 0°0 0°0 051 00°1 0°0 0°0 00°1 0°0 0°e i
XWSTY 1LSND  Ti2LS  NOIfd  SuMiS  NIYe3d 0ILE  ¥MATC #¥MLS a2
i i vivd sso SION, i . {
826°0 SI WyN90ed 34l A7 02LNdn0D JeSHl |
iy ’ 90 0°0 00°2%T 00°cEl 0G°c21 00°T1T 00°02 c°0 e
Sed iy ey CEL] 21y 9x Skd 346S
vivg d1038d LOrLTp O i
0 0 0 0°0 0°0 00°0%1c  0°0 c2*ct 1 1
9207 3wYSI  MONSI  OIlvd  DdS®l  VOSNI  dNS LELLS SNLI 90AR1 S— :
3 Y1730 HdVAO0XTAH ‘ TR .
L c 0 0 0 ] € § 0 1 S I Ty I T T e =S S
- ) e IAVNI ladr 174r 3¢VLl  NOJ3I dw0d1  DViISI
k dnd 92 v3uvens
NOTLIVINGWOD 440NNY V3¥Y=ANS i i
spnsnanBsn BOBIDERBILR BEeornBnnn sooanpd>pEd ’.Q‘.‘G‘OOI

i T T TehNADe &




92921
HNOH=9

3WNT0A VLI0L

hel

® s 4 % s 4 e s s s e s 4N e e s e s s e e
ODOO0OO0ODDVDOODVOIDOOVDCCODOCOQ

COODIDCIDVDUVOOCTODODO0OVDODIDDOO D

WNSs

o




P N Rl CROT RN R 17 QLT g e B 8 Do e T s T U TR N ST R S [ S s SO [ S0 S S s S S R A e |
. - al ud o N WY IRTH R T SN
[ST) <) A bk <
o o«
v < 2 ¢
< X - <
~ - < <
n “~ < x
n < o
W <
(9] @ & o 8 8 8 8 8 w B s 4 e s s et S A & s Y e e s e s s e s e s s e s o2 e e
. . ®xX.J
ST < =
-~ x
Q ' »
= >
| B B
. | >
v ] - -
-4 »
&+~ S @ 8 3 8 8 9 8 3 % W S S e s 8 S e WX 8 4 e S S e P e s Pt 2 e s e e e e
; sL o > |
3 D0 > !
Q < |
(s | = P
g4 <
< a =<
4 ]
@ © 6 % 5 % e e 3 8 3 e s e a e P S s s s 8 s S e e v e s e s 2 P L s s s e e e e s
. .
[=TY ] !
—
® @ 8 5 5 3 % 6 s s % 8 8 s 3 4 % S T B E 3 s B e s s 0 s s e s s s O e s e
. .
C- -
L T T T S S I R I I R I T I R B L I I I O I L I I I 4
. .
o o -
o
£=3
<
—
-
3 v L T T I T T U I I
a . .
WO O©
. F X3
9o - ]
a4 N
=
~ (=]
i
> ® o & 4 4 8 4 o s e 8 s 6 s 8 s S S v s e s s 0 e s S s L S 4 T e s e e e s s e e
Y e .
we o
w o
Z r o
o 20
= —~
- a v
< z
ol <
%) L T I I I I I I L I I I I A
g . e
o0 o
_Oo 3
x O
QX
-
'S
"
>
o @ ® 5 % 6 8 5 6 8 5 8 8 9 % 8 8 * S T S T VT S 0 G G S S e S e s e T e . e s e s
. .
- C O
v o
4 O
&0 -
Ed
o
-
[ -~
- 2 I T T S S e e A
: . .
4 e o
o
o -
< .
> @ & @ 5 A 8 @ & @ 8 S 8 6 & 8 4 F % & s 4 A 4 e A4 A et BN AT e s s s
. - '
g o ! i
o 1 -
=3 ! H
N { I i
1 | - - Ll
| | i - ] | i
| - { - i {
1 s - |
D T T B R I I T T T I I L e e R e il el R el B i l
- .
i (=] CraNMIV O LSO~ NMINOMDTITO~NAILINCRO PO M IR CNTTo~ANIOVLCN CC O {
+ P e e e e I I VI SV T VI VI VI VL VI PR S B W o IO S T BT T oo JIN S QO S K S R A V)
. | | | i i ' |
| | {
! S i i ' ! . ‘
‘.J ! | ! { H |

| I P | { i i i \ |




*q€Ls1e *95¢+12 *5219.L1 *SL919 14=0v

Ll 2 36 A 65°€1 05 S3HONI ¢

“6ESH0ET sgopac *05.48 *€les21  *rIsZel  S40 Lo N i

ZAN0A IWL0L HO0H=24 HOOH=&2 HNOH=Q »y3d y . g
*4as2 b X <1-74 *Heie *86L2 *1062 *0s1¢€ *0L5€ *Heoh *g19¢ *5L0y i !
‘eweR CLTET T *HEENT *eLIRT *1997€2 °s8ce2 *gs1LE *162LY *ELE6S siEesl ™ SR T = i
R o4 *#20011 *6t62el 11921 *609221 *91€R201 *12¢cg8e *gel99 *1iseE® *9ELnE =
‘60221 *0%LS *v31le *9012 *oget *2e%1 *L62l ‘o511 *€L6 vyl
*hT9 *heY *H5ZH *16k HLE *9%9¢ *90¢ *69€ STIE Rl = . - Eo

€ 1Y SHAVEO0X0AHW 2 40 KNS
0 0 0 ] (U 2 € :

INWNI L¥dr 174F 34VID NOJII  dWCDI  OVISI
3 SHAVHOOHUCAY 3INIEW0D

spspnennsn prssnsanan chonnnoann sosnpnonan soeboscaaty




5000C,

=]
CSNCIRCRR TR TR IO T T T AR BT VA R SR TR T R T S R S s - (E TS, R R
©
|
'.....‘.Il.'.l...0....‘....“"-..l......'-....l..‘ 1
.
o
L
i i
USSR TR A I O RS T R TR R A T A R R S S S (RO
.
o
® 6.0 0 5 00 s 0 s 0L e N SO eSS eee B s eee e s ee e
.
(5]
D‘.........O.'...l'..00".'0'.."...I..OC.OC..O...
.
<
<
=3
o
I —
~
-
v 0."'......|l..l'§.."Qll.....ol‘..l.'l.l.l.ll.ﬂ“
® .
* o
z O
C o
=S -
L & -
P
Del (&)
w
> LA IR SO URC I R SR N TR G SR R IR TR T S A S A I U I S G N e g
x o
uwo
o
= T o -
Q oo
— P= L
~ Q~
<1 >
- <
v S E ST N EE SN EE NS ESETEE NS EE Y A NEE e eE
v
o
=
=
o
~J
L
-
=
o

.
. <
v o
-o
* o
O "~
o
=t -
[T
= '.'..l..'.......0.0.'..0....0........ll..'..."...
. —
o
0=
o
Py —
~
- |
I...Cll...l.l.‘ll.l'l...l...l'..l'.'l‘...l...l....
.
< ]
< | | - ! i
H o - | | Ll i
S | ! |
~ | e |
- - i |
- ] |
P4 el
PECEPIPIISPA P IYS P DBt @ €0 O €5 & & ¥V B 3y & €00 5 800066 EE "SRG EeE S !

.
OC=NMIVT OO ~NME LtNONa T c—ﬂxm
=

B I e I R YR U

o O AM LN
3 ARL LR W R

&9

1
“2
&3
4l

S
)
47
48
49
S0




MCET 2 ¢4 *CLRETE *eeLeLl *51565 14-0%
%01 66°G1 08°€1 €Ly S3HONT e A e e
Aty *R0000ET *9ZhCE *94548 *L966TT *cggeel  S40
3WNI0A IVL0L HNOH=2L ENOH=%2 HNOK=9 NV 3d
- . L *L182 *5L62 *6L28 *6ler *95a% *L9LS *1e2L *eels *TH91Y Sy
*16L91 eflce +2C108 VT *9EGSRY *2tzlg *1229L *965246 *5n5) 0T
*gqera2t 00181l *04450T AT AN * 60724949 S 160Gy AL *ouist Y]
. cLEhve Tecet g ol *oETl *sas s95¢ L A
00y *ALE 0.8 T thuc *1L€ “2LE *2L€ *2ik
b LY S04 03LN0M ol
*0 0°0 0°9 0°0 o0 4 4
v¥0LS  MSL X MWSWY 9y JQLSN SAISN
0 0 0°0 0°G  0°C
3W7SI S3NI ory SS27)  SSoTw L o
VivG ONILNOY
(o 0 ¢ ] 0 1 4
JAUNT Ladr 170 34¥V11 NGI3I 4n0D1  ©YIST i )
ONILNOY SevHO0~TAN
nRapdppnans arpRBABBEY asapBnononn fasosansso BEPopBDT LS

aNADA




“QVYFe

4

STATION

OUTFLONG0< AND CBSERVED FLOWgw<

INFLOWSBI<,

40000,

0.

0.

80000 100000, 120000 140000,

60000

20000,

Bk bt bt bl bt

CmNM 2N

Pt b g

~NOC o
-t

. .
®
.
. .
..
LY
L)
..
LY
L
LR
bt b
~ 0N
-

.. .
.. .
‘e .
.. B
.. .
‘e .
-
. .
.. .
O
‘e .
-
.. .
o
. .
o
.. .
. .
MmN
BV VI T

“ . e
. s oo
—
—0
« s s
o o
e
o
LI
—
e o s e
“ e 0
* o 0 e
o o o 0
LI
bl o~
NN e

o
e e
- O

o
e e o
-
DR )
-
e

S UMY g

(oo W0t I 02 B0

[
MMM Mo

©
b

e
nen
<+ 3

« ..
“
DY
. .
DY
“ e
DERITY
.« e
“ e e
“ e
“ ..
e o e

-
« o0

@® o
R )




sepannnpon

*SHNOH £6°01

STAEILINT SE°C
og° 1

3WySI

I
3NUNT

sansnanaes

MONS

*2E%ES
CHERCS
*L9LS%
sceznt

oocOC

-

oo o

1o
NIvy

Q0IxN3d=-40-an3

WettNMm TNOSDP o -

3
=
-

ceg *1s
*229 *0Ls *0LL *pent
*6352 *2sLt ‘%16 *ane
H0 001¥3d=40-0N3 22 HAVHI0MTAK LINN

bl 15§
SLLLE

W s
-YO’nvu
#OYT)

nnorqhm.u :, ,Jdauxuu>zmzumH0Icamm»/mmugﬁuwﬁu1n«JUMMQIuK0W0uq
#8011y ) 00°SlT =Dlels
303

06°01 #dil

00°1
014y

168°0 SI WvH90Yd 3l AR Q31Nda0D
00°02 c*0
Shd 2:4eS

05°28
o

0°9
dvNS

00°sL i
vaxvi aung

Q¢ 00°51¢
JdS¥L vOSHL
VIVG KdydO0MOAH

QCAH]

0
ladr

0 0 L
NOJ3I dnW021 ovisl

dWd 121 V3¥7ENS

0
17" 3dvil

NOTLVINEWOD 44ONMN ¥3IMy=aNS

hnnsopooen sanspsnans ssstnpnsce

eNADe




*RLe9L °2009, *260L9 *9g%902 14=2v
g el eltal 1£°9 S3mONT
*9592%4 *209LE *GeELS *2E%ss S40
3nNT0A TV10L ¥NoH=-%e YNCu=9 ¥v33

™ *o55206  O01°8l LB°02 wWNS

(=}
.
CO0COoCOCTCOCOVOCLOODCOOLLOOCOS T

05

34 s

9y

LY .
G4 i . '
[ - i

o0 o
.

=N =

.
.

24
% : i

EOF
. - e
CO0LOPCLCCODVIOUECVDLUODLIDICOT D
©
2]

2%

.
.

DO O0ODODCODOL O
B I .
. .

DO ATCODOODO W
.

o

=
<

1€
of
62
82
e

>
<

s s e e
c o o .

DOOQOOOOT OO
.
DO ODODOISODO G
.




-t o) - O N NS R R S R T N G (R TG N S T (RN T P S P O [N G SN S [N R [ [ S T I [ R |
- . y I L . S [ R |
- = o il 'k v o
< <
v < x>
- < < <
. 4 o
N L K X
) X o
o K
A\ (5! © o 5 6 8 56 ¢ % 8 S B e e s e S B X @60 IS e s e S IS S0 sl e,
. < <
> W <
<
o <
2 <
1 o
x
v v 3
£ - <
4 i« @ 6 € 2 3 8 % s % 4 ® % e 3 3 4 v s e A e S S 8 3 3 A4S S e e 4w e e e s e
L -
Qe 0
(S
1 '
X
2 %
% 8 8 8 3 % e 3 & 3 8 % 8 e 3 s ® 8 8 e s 4 ¢ 8 3 s s v e s e D e e s s e s a e e e
> .
o N
—
;l
k 2 4 8 6 8 5 4 e 5 4 8 8 8 e % e s % e e e s S P 2 e 4 s e 4L e I s e s et e et
. -
oS o
i .
4 e 8 3 B 8 % e 8 s e % s e e 4 % 4 % s s e S s % L s e 8 T e s P e s s s e s e e
> .
< O

v e 8 4 8 % 6 8 % 3 4 8 % 8 e a4 s % e s e s s % e s e s P e e s s s 4 e e s e e e e e s eVt oe e
. .
O O
zo
c o
K -4 L
E W o
-
E 4 o
4 w Lond
2 = © s 8 8 8 e 8 4 e 4 1 % s % 6 s s s s s % e % e e s s e s TS e T e e e s sa s
- ro. .
wo o
N
z 0o Lo
o Qo
= W .
e (s} -
3 < <
- -~
0 © & 4 8 8 0 8 % 8 8 8 8 8 e 8 e 4 % e 8 % B T S S 4 s 8 s e s e e e s s e e s e e
v e .
oo o
M
5 X O
oo
a4 T L
W -
—
=}
o e 8 8 € 8 5 8 4 s 8 8 % e s s 4 T 4 e s s E S B S e s e e T S s N e e e e s et e e
. .
. rO O
] v o
-0
4 O -
g =M
<
o -
L
Z @ 8 ¢ 6 8 4 8 % & 3 e & % & % s T S s s e & 8 % e 0 0 % B T A T N L e s N e
- . 4 ke
o ©
3 L4 .
>
<
o~ ! -
e
@ 0 0 9 0 0 9 & 9 0 6 0 0 O 5 0 ® 0 0 0 0 0 6 0O e 0 0NN A S N
- .
o © -
o
=3 -
| o i -
] - | | —
— ! Lol |
| i o
: - by LT L R R
bt bt bd bt bt Bt bed Bt bd b e PA A bt b4 8 8 8 & 8 8 8 % 5 8 & s e & & 8 s 4 s s s e e e s e oes e
. . H
o O~NMINDNETTFe~AOMMPNEHTCTro~NMOINOrTPRO~NMNOFIUECRTRO~NOEINCN OO
PR R R IS R s O AV i W, VIE VIR VIR U TV SIS M Mo B M BRI IS BRC I S S G SIS R A B B Vo)

eQNF e




sanssnanrn

cuesTal *9Liuayl *9nl1oEe *097sEL Li-2v B
0r°Ll LR %L°€C1 19°% S3HONI
*23%26L1 *0698Y s2L68tt *gEReHY *c25051 S42
3wf0A ATLcL  wnee-2L aNgH=-%2  4Nou-9 ¥&3
“lshT 605 *®cts *gie9 *1209 * %966 *1e%el
*LEDE *lLEt® *20Les *eIN%9 *LELES *0c2201 *gs91dt
*5008%1 "TewRel *2voti2t *KR2LEL *SlseL *SSh6Y R VALN4
*66L2 *g2st cicgl ciefl 20Tl ce66 *u58
205 cgan cgan "8y *1aY ey “Sus
% 1¥ SHaVH00=GAM 2 40 wWAS
Q 0 0 0 0 e *
AAYNT ° Ludf 140 EEA S B NOJ31 dr021 ovist
SHAYNIOENAN INIEA0D
rogoensoann sbansceane sosnsrnecsn 00&0“1.03




DI X e g M MMM M KM o S L S Y PR SR TG [ R R TN S VRS S . |
» . -d 3 W RN B T T I et
o [
X g
Y <
i P x A
- » w X
N = < A
o L
(Y] - =
(8] B BN AR NN AN SIS LA SN E e M e B
5 o -
- ol -t <
x
| (&) -
— »
: 1 <
»
N v »
o >
* S R T I R T TR T T U S, B
* L e -
S e 0
<
L
r
1
5 3 0 4 8 20 U s G s E e 6 e e NS S e s s Ee s
» .
o N
~
T S S S I S S O
’ .
© =)
R e I T I I N N I R Y
. .
e o
v D I I T T T T S S T T T
& .
S ©
:c
Qo
o -
Ww o
(=
T
—
L T T L T T S
. .
<o
<
P = v
(= <
-
- (=] -
« b
[ x
n D T T T T S
/. .
29 o
* QO
z o
SO
g -
. —
b
2
< L T e I e I . I T S S S S R
. .
.t O
v o
=
~ O ~
=0
=]
of —
e
Pd € 8 06 & 00 @ ¢ OO S O S P TS ESY TS UE OGS E A

1
.
a

e
.

> o
"y 3




- S — — T o - v—— - - = T——
*yosiee 4 14=3% i e i s
Ghe Lt 1 SIHONI
ccunzaLl P *c26061 S42
2wI0A 1710L & nV3d .
*Hese *lsse *LZ0p T 12521 . R ag '
*92562 *LEYZE ety 419G iRLEYE *092291 *€so1dl '
°52s08t *g00est *tesect *2%s121 *AT646 *QIlEL *GTepy *1L%ee
*onEy *56L2 er24al *1eet T | *RSTT cELR *omi i
*uns *eos “Eay rEpY *1ey ‘lgy ==L *ses . Faea
L4 17 SHAVEOOANCAK 2 40 »
1 0 0 0 0 0 2 L
i InYNT Ladf 1er 24V11 NCO31 4n001 ovisl
] SHAVEQOE0AN INTGADD iy
fncnranosnnsg zordrroeny aosndboannn grnnrendon BREIpnannon
: T TTTTeNAOs T
-




. . .
. . .
. . .
. . .
. . .
. . .
. . .
B . .
. . .
. . .
. . .
. . .
. > .
. . .
. . .

2 . . .
. . .
. . .
. . .
. . .
. . .
. . .
. - .
. . .
- . .
. . .
. . .
s . .
. . .
. . .
B . .
. . .
- N -
. . .
. . .
B . .

> .
’ . .
. - -
. . .
. . .
. . .
. . >
. - .
. > -
. . . .
. . .
. . .
N . .
L) ) "5
| — Su——  paamas g,

Aoy 22

e e

*0000¢t

.

000041

=

. . . . .
- . . . -
. . . . -
. . . . .
. . - . .
. . . . .
. - - . .
. . . . .
. . . . .
. . . . .
- ~ - . .
. . . . .
- . . . .
. . . . . 1
. . . . 1°
. . . . I .
. . . 1 . -
. . i . .
. I° . . .
. . . . .
. . . . .
. . . - .
. . . . .
. . . - .
. ° . . .
. . . - .
. . . .
. . 1 . .
. . o . )3 .
. . . - . it
. . . . .
. e - . .
. - . . -
. . . - -
. . . . .
. . . . -
. - . . .
. . . . .
. . . . .
- . . . .
. . . . .
. - . . .
. . . . -
. . s . .
. . . . .
. - . . .
. . . . .
- . . . .
. . . . .
. - . . .

000021 *00000T *oouce *00009 *0000%
>a%%074 G3IAM3ISHAC ONY >0%*0041N0 ¢>IXMOTIINT

L NOILIVLS

DRI )

® s e 0 s 0

=

*000062

b

=

I

Bl bt B bt bk bt b bt bt e b 4 &

e

Sy

o S

CAMNM IO DO G 0

esif0s




- - bl 2 ”
*H9¢ce gL He
) %202 €
*60%21 teRee 24
551 SLnHt 1% 5 g T
2961 cuf 0% 0% -
*CeCHZ *1ELY s N
*H2h0¢ *2185 =T O T
*onupg *RENS LE
25 “e1EaL GE
w0y *0eLE &€ p
S *2Glll e
G £ cgeall Le
RZETAR el e ) - :
*9100€T QoA 1€
*5aese *£GHST o€
*Sn26%1 *C04a91 62 : . e
*2rsent L2691 vl
W ETEL A WALERS L2
*Leceet *l6Li%i &z ;
*5% 0011 *Un0ET S
Lo® *4se0 =2
*680495 *nati £ . 0%
*EHIHE *1885 22
*€L0vwl 018 e
CnTH *LL2e v2 Ry
AR 1 *H)EN 61
*Guge *006 21
feeL t 059 L1
"Hagl = N
AR °f S1
*L00t *0uE ©1 ) y
*noy ol iR €1
‘ge) 2z 21
AT ] *5%2 11 ) 2 .
*GLs L1 o1
LS teal & .
*00s frQY € u S i
*eRYy *He L
gy e2al S
*2ey *2ul <
TE8Y *2n1 5
‘€84 *2ul €
ey seal 2 g e
*SEY al - 1
1no 403 ¥01iS 403 3WIl
260237 “6lLnLl EECTA A ‘ecurdl *LSSLL *eS%L2 *L0Ls *ZE5E *0 8073100
15088 *feayl 69651 cohysct ATV ¢ *2Lls 0592 *8621 *e 230V eOLS
i G c°0 0°0 A ] (4] 0 1
¥30L1S  XNSL X ¥ySHY 9y IGLSN  SdISN
0 1 (] 0°0  9°¢
INVSI S3I>i OAT SS01d SS00
viva ONILNDH
0 0 0 S
3AYNI luar 1740 ov4SI
ON]
Asnrasnnes soenspancsn approopdtonn poB8spooOBY ceansppapss

ohACae




“THe062 “HLeeEE  *26€R22 *L10EL 14-2v

sEOLY Q2°Li 29%¢t Chal S3HING ) 2

G95SL1 *oLSeY *ELOSTT *HL LT *2186vl  S4D

WNI0A 710 ¥NOM=ZL ENOH=42 ENCH=9 »¥3d
M SV wNs

- srhmm -uolm oUNﬂA om - e - —ehesa

TOGHE *IHSE *2R€1 a
*152% *06LE *la51 <
*S06% *oeen *ARGT LY o g~ = .
*60es citey ‘gelrl o
*vL65 *wLAS *9202 sS4




Oa%®<

A

;.

S
exveD
120060

SE

Oc
100000,

D

FLOwx0< A
80000

out

NFLCW#I<,

1
i

“CvFe®

160000

140000,

e

10

10

St
[

-t bt vt “ s = e

-0

Pt bt bt bd ber bt b .
™ N
(ANl

S

0N
1M

‘
35

PUNHWHs SO ~N

o

Lt B )

o~

o
o

30

o o




*6ESHY
* 0Ky
*0GL2T
*5265€

~ANNNMTOMLrE TN

sNOH=2L

ol g3.incd
C3NI=w0D 2
AV HAVEIDu0AK

0l Q3160
CANImw(
1V HaVa9
01

U3NI=w0D 2
1y w4y




] e o e R s e i M A *0n1 00°0 10°0 It |
e221 00°0 10°0 o1
| it __*86 ______10°0 90°0 6 ) !
g L €0°0 s1°0 8
a *59 10°0  £0°0 L 8 A
g§ ___00°0 200 o
b e o e e T 00°0 20°0 §
*25 00°0 20°0 A
SRR ST R 00°0 10°0 € R
- BT e *05 00°0 10°0 2
*05 00°0 10°0 1
= [ - | [+ = } SJx3 NIVY awgs.
B e i i g MO14 001¥3d-340-0ON3
i ! g o Lol L RER
9 ¢ T %e sl *001 *€El *oLl *6€2 ‘02¢ *g2y
i *€LS *g9L *g201 *9LEl 1Ll ‘9181 *9591 *6Lll 919 2L ;
Fa 00°T #70A _ 69°0 #d) *SHNOH 2€°6  #OV1 *SILYNIOHO QOI1¥3Id=340-ON3 22 HAV¥IOHOAH LINN
SIVANILNT S%°C #¥ ONv 6S°S DL 38V di ONV dD ¥30ANS N3IAIO WO¥4 SINIIOI 4300 N¥v1D 3LVWIXO¥dAY
X SN 0E°L w¥OI1Y 00°02% #NSJHD 00°1S  #01d1S s
D e S e £ v1iv0 NOISS323¥
\A

0 WVIN  0L°0wdD  0%°6 #dl ] Y
VIVQ HdVH9040AH LINN

81°0  0°0 L0°0 00°2 00°1 0°0 00 00°T  0°0  0°0

e TAWILY T XWSTY  UISND  T1¥IS  »OI1¥  SHH¥LS  NIVH3I  0ILd  aN4TI0 uNdLS
viva SSO1

T e ) k i iy i 168°0 SI WVH¥90¥d 3H1 AB G3INdWOD JdSdL
0°0 0°0 0°0 0°0 0°0 0°0 0°0 00°€1

S S o ____.96¥ 208  gw¥ w2y 218 98 SWd  34dS

Py VivQ dId34d
b 0 d0y o 0% 0°0  00°%1€ _0°0 0c*6€ 1 1
B T LTI W01 3WVST MONSI  OrIivd ~2dS¥I  vaS¥L dVNS ~ w3dvi  9WNI 9QART

¥iV0 HdVH9080AH

R T T 0 o " o 0 o 1
3WYNI  d¥df 10dF 3dVID NOD3II  dWODI  DViSI
dnd 92 v3¥vens

NOILVINAWOD J4ONNY V3IYV=-8NS

VSN NI OIININE 4 ONI SWHOS S5INISNEH JHOOW

sansasnnsa saensssasy ssceasnsen , T asssssssse sesagscanne
0 €
S R X T B, st et onia e ot S SUANIG & SEA00R S Lt L R T
0 13 4 0 0 0 0 0 2 0s

NVASN Lddl  17dI  J¥13W NIWI M1 AVGI NIWN ¥HN ON
NOILVII4IJ3dS 80r

ANddNS ¥3ILVM ALID NHOA W3IN
¥3340 31¥VHOHIS i
4dS ( ¥IOAMISIY ITUVHOHIS ) Wva V08119

e

%L 5nv 031vadn
€L61 NYF ou»qo NOIS¥3A =234

LAR il s

R o, SRS S

il st G i . o, PSSP DIEENY SRTTS S




| gt MsESie= 3 )
> e
TN : *E1S12  *J0E12  *9€0Bl __°ss2r 14°0v
- 92°01 Lot 19°8 PYaTS SIHINI
*G800€1 *6L5€ *6806 *n2991  *026S1  $4D
AREN 3IWNI0A WIOL  ¥NOW=2L  ¥NOH=%2 _ HNOH=9 _ wv3d
*6800€T  0E*01 SO0°%1 WNS :
PR haraicr i, T e1ge 0°0  0%0 05 g
*2688 0°0  0°0 6%
*g801  00°0 20°0 8% =
e et Lt iy e T e20et 00°0 20°0 %
*9551 00°0 200 9%
, ) . *5061 20°0  01°0 S . "
e ST P o e “L1n2 €1°0  92°0 wv
*991¢ 20°0  E1°0 €%
. *602%  10°0 €00 2% 3l
& s *165S 10°0  €0°0 v £
snnEL 10°0  €0°0 0O :
SRR, o spenE B QDD 4E B -
*s€0el  00°0 10°0  8E g
*g9gl 000  10°0 € . §
el _ 026sl __ 22°0 SE°0 9 *
*salel T 22°0 SE*0  SE H
*00EIl  22°0 SE*D  %E ¢
R a A I *6€9. 251 %9°l €f z
*50ny 10  €l°» 2¢ -
“gon2 16t  €0°2 I¢ : i
___ semsl €9'0_ €50 o€ H q
*2€01 €9°0  S5°0 62 g m
201 €%°0  S5°0 82 z
SLE L uke B 22w g3 o <
i R o o e T U 2P0 68 3 |
*82¢ 01°0 22*0 sz
*1€5 10°0  90°0 %2
; 66 10°0 ~90°0 €2
014 10°0  90°0 22 3
ot L, e LB oG AEGE L Y BRSO - o Lo .
*102 210 99°0 02
*2s1 90°0 €€°0 61 -
el gl B __*s2l ___ 20°0 60°0 81 =
' 621 20°0  60°0 L1
261 20°0  60°0 oI
iy __s€l _ 10°0 %0*0 St
*6E1 10°0  %0°0 1
*gnl 10°0  %0°0 €l
| *Lo1 00°0 100 21 R e ST AL P
{




|
1
....".v.....‘

o ooexxxx ¥
TN XXX XXX X
XXXXXXAXXXT)
XXX =
XXX
XXX
3

X
X7

e e o 0 0 0 00 e

Bl

-

|
|

B L B L e s Jpu [ iy S [ e

.
o

Gl

|

! |
) i
]
\ { |
i
' |
i
|

|
|

i
]

XXX XXX

|
|
|

.l...

l
|

1
|
i
|

i

|
1
1
|
|
x

-1
!

|
|
{

=)

|
|

=
N

i
|

© ® 6 06 0 80 s 0 e e s eX S8 0 e e e s e s

® e o 00 0 00 000 0 0 0 o

|
|
i

|
|

|
|

|
|
|

e

® o e 0 0 0 0 00 0 000 e 0

>X3SS30X3 ONY >7%
°0

°y 9

d1233d
*0 ‘0

@ © 6 0 6 0 0 © 2 0 0 20 00 0 00000 e L0 000 0e 000000 o0

i | !
]
‘
\

i
i

D I TR T T I S S I I I I S A I

|
) !
{
-
-

| { | | | i |

1 | ; | ‘

| | |

] ! i |
A0 D

i

|
|
I
|
I
i

|
|
|
|
i

°0 °0

*00091 *000%1

© © 6 0 0 0 0 5 00 0 00 000 S S0 S 0E e S S0 e e eSS e G e0 s s0 00 s e

|

§
'

|
|
|

-

|

-
—

® e 0 e 0 0 00 00 00 0 e

i

i
‘
!

i

|
i
o
|
i
|

© © © 0 0 00 6060 0 00 0600000 G000 000000 000000000 e e e

*0002Y

>e%M074 QIAYISEO ONY >0BM0IILNO *>IBMOTVINI

!

|
|

© © © 0 6 06 0 6 0 0 0 00 00 0O T 00000 0O 0L L0L0 G000 L0000 o

!
i '
|

l

*00001

NOLLVLS

|
!

|
i
|

|
i
|

i

|

e o000 00000

l

|
i
|
l

i

I I T T T I S e T SN S S S S S A

oo'o.cooooo.-o...--oo'-o'.ooo.-oo--.o-oo‘o-oo-oo'..o

e L R e

0°“.¢||r

SR, SR . )

°0008 *0009 °000% *0002

© o~NMmINO~

YSN NI OIINYSS 4 ONI SWHOS SSINISTIE J800wW

Rd4




o e Al = et i e LE RS 3
e e e LR T . T S e N R e A e R et S B TSR S ol U Rl 95" z
*00412 *60212 *926L1 *0%0L 14=Jv m
B R O TS R o 21°01 s5°8 _ 9€°€ _SIHONI .
g 909621 *€9SE *2¢06 *681nt *g6Lnt sS40 €
3WNT0A IVI0L  ¥NOH=2L  ¥NOH=%2  ¥NOH=9 NV3d b
& ¥ “ce8 $0601 T e21cl *0est ICLT *9L52 *6€2¢ sw62% *%895 T S99h] ¢
°9656 *68611 *€2091 *g6L91 *LYLEl *90111 9924 *€2Ly *60L2 *1991 ¥
R S R R A R R T *625 *L2s *62s *98% *G0Y *90¢ 912 H i
*091 *GEl *621 €l *set *6El sent *ynl *LE1 021 - i
‘66 *6L *99 *6S *Ss °25 *0s *0S *0s *0S =z i
g el Y T s T T, 2 1V SM014 Q31N0Y z :
# 5 £ :
°0 0°0 0°0 0°0 0 2 2 s
W RN w5 Lt TRER R, ___ vyols ¥S1 X WUSWY 9vI T0LSN  SdISN <
>
0 0 0°0 0°0 0°0
S __3wvsI s3I AV $S072  SS0T0
Viva 9N11NOY h
0 0 0 0 0 1 2 y 3
T o S o AWNT  Bdr . 1Ter 3dvil  NOD31  dWOdI  ovisI
ONILINOY HAVHOOHAAH g
S PRORPERNEN el '00000‘...‘. ol T _ .......JJJ o ‘WOOJW“'.‘; SNL *ussgaseny

B e e [




.

.
©
—

.
=3
n

!
1
|
|
1
i
|
.
|
|
e
o
i
P B
{
|
|
|

D A R I )
® o o o 0

|
|

|
|
|
i
i
i
{
|
|
|
|

e o 0

-

L I N BB

i
i
|
i
|
i
i

\
|
|
|
|
|
|
|
i
|
|
|
!
'
|
|
I
'
'

~°‘
..
|

—

.

i
|

-O
-0

!
|
| I
1
{
|

!

=]
|
|

® ® o 0 ¢ o 00 0000 00 0 00 e 00 e e

1
|
!
|
i
|
|

-
.
° |

|
o
! i
o ot
B
L
B | S
| | {
f |
o
!
o!l;
i

® 0 © 5 0 0 0 0 T 0 8 0 e 0 S O S L 6 0 G G0 P L S0 S 0 L SO G G0 S 000 e s e e 0

|
i
|
|

i
|
i
—

[
:
i

i

'
|
{
i
{
i
|
1
1
1
|
|
i
{
|

© e s 00 0 s e s s 00 s O s es s e

i

|
|

1
|
I
{
|
|
|
|
i

|
1
1
\
=
P
o

|
|
|

|
|
i
|
|
D I I
H i
)
|
1
|

|
.
| |
i
| l
[
|
P
i |
|
1
|
!
|
'
! l
i 3 ‘
'
|
|
|
|
{
|
o
~N
LVEOG SSINISNE JWOOW

@ ® 0 600 00 0 00 0000000000000 e LeE

e
e
|

}

o
|
|
|
|

.
L
-u..oo.ouo
—
.
N
-

|
|
|
|
|

|
i

.
-
©
=3
-
VSN NLQUNE 4 DN

® s o 0 a0 0 s 0 a0

|
|
i
|
i

|
1
|

® 60 00600000000 000 s

1

o~NMINO~NDO
24

|
]
!
|
|

|

t e s e 00 0 0

|
|

® @€ ® & 0 0 0 00 0 % 00 0P 0 00 00 0 . 0 0 0 6 0000000 00 80D e e e o0

® 0 0 o 0 0t 00 e 0 6 s e 0 e s 0 e e e e =
® o 0 0 00 0 00 0 00 e v e 0o
® © @ 00 0 00 0 e PP 0T 0SSP e E e e e 00 e e

....I."..
| i

| | |

| | |

o

! | §

® o ¢ & o 0 @ 0 o0

Ot Gt Gt B Bt Gt Pt et Bt

.0 *00091  °000»1 00021  °00001  °*0008 0 09 *0009 0002
>#%M0714 QIAYISAD ONV >O%MDIILNO *>IXMOVINI

.
o
.
o
.
o

{

|

|
i

I

|

|

2 NOILVLS

«3A0«




*80s1 %0°0  L1°0 &2 |

*9L€1 10°0  40°0 %2
*6811 10°0 %0°0 €2 X
e o o LG i ’ 16 10°0  +»0*0 22 i SR
©09, %0°0  62°0 12 2%
*96% 60°0 £9°n 02
s - e e T B *4%05 %0°0  1€°0 61 DN -
*lgy 10°0 20°0 8T
*h6h 10°0 £0°0 21 = SR
B e e e T TR e S *105 10°0  20°0 91 Mo =
*025 00°0 €0°0 SI
*625 00°0 €0°0 1 o o8
S Ldag aasch 0 i i AL *l12s 00°0 €0°0 €1 N Tl
*96% 00°0  10°0 2%
*9GH 00°0  [0°0 11 ) -
e R i e s *60% 00°0  10°0 oI i . S T
*€9€ 10°0 990°0 6
S *92¢ 20°0 51°) @8 el = BT
R e B P o T e N G e i *S0¢ 10°0 £0°0 2
*162 00°0 20°0 9
562 00°0 20°0 S e i s X
oA R { () *962 00°0 20°0 %
*00€ 00°0 10°0 € '
*q0€ 00°0 10°0 2 . e
R iy A e A o e *21€ 00°0 10°0 I -
0 dr0d SOX3  NIvy  3wWIL
o - ) #0714 Q014d3d=40-0N3 3 P
*L9 *98 *L01 *agl oLl ‘912 *0L2 *19¢
*0EY 255 *n83 *£98 *¥80l A | *2€L1 *sgl2  *us12 *8Lve
S L S ) *9599 *S2€9 *1o9s *HElYy 112 *68€1 *y8t

00°1 #70A %L°0 #dd *SENOK 1%°E1  #OVY *SIIVNIOH0 Q0I¥3Id=40-ON3 82 HAVEO0NOAH LINN

STIVAYILINT ZE°% »d ONV §0°8 01 34V dl INV d) ¥IOANS NIAIO WOM4 SIN3IIIIJ4300 ev1d I1TWIXCHLAY
0E°T wHOILY 00°0052 #NSI¥0 00°02€ wOLHLS

VivQ NOISS303y

0 #VIN %L°04dD 0%°€l wdl
S ) Il Ne I Lh N S VivQ HAVHO0¥OAH L1INN Iy
w10 0°0 L0°0 00°2 00°1 0°0 0°0 00°1 0°0 0°0
5 ), ISy dWILY  XWSTY AUSND J4EiS  NOTLY  S¥¥LS  NIVE3  0Iia  @»1Q axuls
ST g i o T viva Ssod
168°0 SI WY4O08d 3Wi A8 Q3LNGWOD Dds¥l
W S R = 0°0 0°0 0°0 0°0 0°0 0°0 0°0 08°1ll
96 2Ly 8%y 92y 2y oy Shd 3405

e AP LI L] ot e VOt et 3 _ V4iv@ dI1D3¥d
0 0 0 0°0 0°0 00°»1€  0°0 0s°981 1 1
V01 3WVYSI MONSI  OILV¥  JdSHL  vaS¥L  dVNS v3ayve  9HNI OQAHI

s V1IvQ HdV¥90HGAH .

1 i bl 0y o o o 2
IWYNI 1¥dF 17dF 3dVII NOD3I  dW0dI  OVISI
dWd S2 V3¥vens

NOILVINGWOD J40NNH VIHV-8NS

nopBANDBLY asandannaes RT3 2222223

S #NAOe

WRO L S8 T 1O0W

VSN NN 4 0N

24




e e R T e e o R : i

*HESLS *21998 *60S1L *L5952 14=0v
Ah el S e Ll . bes B Vg 6l°L ~95°2 S3IHINI

*80£62S *86SHl  *9£09¢ *21E1S  *06925 S4O
3WNT0A TVLO0L  ¥NOH=2L  ¥NOH=%2  H¥NOH=9 ¥v3d

*01€62S 20°6  18°21 WNS

 cywls 0°0 00 05

AT R A P *ETE9 T 0°0  0%0 69

€168 00°0  20°0 8%

*€S00T  00°0  20°0 1% g
= R ST e e R o E ©04221  00°0 200 9% ey

*e2IST  10°0  01°0 &9

‘52861 2T°0  S2°0 v e -
T T o T s R e T e e et e i *92S€2  20°0 210 €» T

*01€62  00°0  €0°0 29

*$629€  00°0 €0°0 14

VSN NI UTINIBE 4 DN SWEOH STaNSIE InCow

Jo s, R T R LV ) X *H00%% 00°0 €0°0 0% O i e i
*21205 00°0  10°0  6f .
r Lt 10 Beloe RN o RV EYES 00°0 1o0°0 8€

*9€0lS  00°0  10°0 (€
*4055%  S1°0  82°0 9€
_ *6169€  SI°0 B82°0 SF
: S ) e i T *E1A92  SI°0  §2°0 €
*2LTLT €4°l  95°1 €€
) I 1) 18°€  %6°c 26
i U e I S L oo S Sl i e e LT *L98% 08°1  g6°t 1€ ~

*L00€E €E°0  9%°0  0E

+0912 €E°0  9%°0 62

*EnLl €€°0  9v°0 82

. *1291 %0°0  21°0 22

_ o *0651 »0°0 L1°0 92

44




|
i

o oy R e . .
J - . - -
J . . . .
o »J N T 1 S T e
1 . . . .
1 $ $ . *
e ’KJ e - R e
X1 . . . .
q . . . .
- e J Gty S T ey e T
1 . . o .
Q . . . .
e B e J sinuel s T, 7, iR T e
J . . . .
XYY . . . .
i Xxx) . T = °
KXKJ . . . .
OO YOOOOOOONONNXTT & ¥ *
T O000000GO000OO00OOONNNY XOOCONONXNXXX XX TS
XXXXXXXXNNXXNXXNNXAX N . e
XXx X717 & ° 3 #
T xxxyxM $ e 4 v
XXX XY = - L =
1 . . . .
b ‘JJ . i r e .
X711 L > * 2
J - . . .
P —— J . . [ e = s .
9 - . . . .
X1 . b b 3
T NI A L el (e el ) L T b
XM . & i n
Y1 . . . .
N KJ . P B g e RN e e e .
KJ . - . .
1 . . . .
Ee— l_ o B —— L BN R e————" )
n_ . . . .
q . . . .
e e | . - A2 i EERRER B i .
l‘ . . . .
ﬂJ . . . .
s e Kl— . ey R et e N
KA‘ - - . .
5 . - . .
i J = L e T T e SRR — .
J . . . .
q . . . .
.I.'I.EJ. R =l S . T, S N R
J . . . .
°0 *¥ *e %
>X%SS30%x3 ONV >T#d1238d
°0 0 0 *0

°y

°0

L I I T T I I O I A A

°0
*0

® © 0 8 © 9 0 5 0 0 e 0 0 0 8 6 O 0 0 0 0 O S 8 0 S OB O S 0 L 09 S0 S S S L G e s e s o

*0
*00009

>e%M074 QIANISHO ONV >0%A0TJLN0 *>IHMOTINI

2

‘0
*0000s

NOILVLS

® © 8 0 & 0 6 & 0 0 4 0 0 0 0 0 5 00 G LG 0G0 L L L 00 L 00 0 0000

°0
00009

i
I
!
i
|

ol

| = |

|
|
|

|
|

ol |

1
1

T e
Food

|
|

I
{ i
&

I
i
|

L I I R I I B I I B I D B O I O I O )
© 6 6 0 6 6 0 6 6 6 6 6 0 0 0 % TG0 S GG 0L GG 6N S LG L e e e e LS S s o

St ot Bt Bt B ot Gt Gt Bt Bt bt g

i
o

*0

*00001

*0000€ *00002

©

oO~NMINO~TO

|

SNE SWHO Y SSANISHE JH00OW

VSO NLOIINNS o

et




3WNI0A W10L

*08021 T *g0S9

1v SHJ7¥90¥0AH 2 40

INELAWHOS SSINSNY TBOOW

*loleY

4

INlge

*LLe
*LLS

‘et

SHAVY¥904UAKH 3NIBWOD

VSO NG




*QVF*e

2

STATION

INFLOWSI<s OUTFLOW®0< AND OBSERVED FLOWX#<

« oo .
.
o
I
|
.« oo 0
. i
o | |
1 !
|
i
e o 0 o
CRMl|
o
i
|
|
i H
oo 0 0
. [}
o
H
i
! |
| |
CRCECERY
.
o
|
wr |
« oo o
.
o
= |
o
=3 1
L |
l}
|

60000

* o o o
.
o
=
e |
=
W
1}
i
RS
. ]
° {
= {
©
=3
< |
H
|
e« o 0 0
.
©
©
=
©
™
|
* o o 0
4 (
°o
o
o |
o
N
i
i
L I
.
=3
=4
=3
o
Ll

£

-

w o

i | 1 !
: i : ! |
s A |
SP L SR L I
!...l.‘.....'....v
N S5 L
|
i 1 e
SRR (T RS SR R
T PO T
I S I S R I
i ! | |
i | | |
i : ‘ . I f
i i |
00 dee oo nos oo e

t ! i
| | i ;
® 0 0 0 & 0 0 0 o 0
| |
i
[ | |
i - -
. 0 L L

VO REOUNIEd 4 ONE LAy SSatasng 00w

(i
|




*#02201
=i e 06°¢
*6%28%9
34N70A W10L
R T S R I T T *L60ET *sv19
°0L2€9 *588%9 *An219 *06L2
2512 *R0€2 112 *6502
o i S R T ew2s *HEY *059
*22% *€ee *19¢ clsg
0 0°0
= a T ) v¥0lS  %S1
0
- et U A el o O 3WvsI
0 0
e e, Bal 212 T o IWYND 1¥al
e e ey g ..J“‘..W‘.") R sanssanens

*222901 *6%%98 *g2ele 14=Jv

2e°s gL _09°2 SIHINT

*eugLl *0LS%% *GElE9 *s88%9 sS4

YNOH=2L INOH=%2 NNOH=9 Mv3d

1 *0€t102 *082s2 *08LIE *£0L6E *€S98Y *2taLs

S *0stle *121R2 *9geLl *gleot *9498S *92LE
*s261 MAPA *1e%l *BELT *gye *12L
*299 *€99 *E%9 *009 LR C T VP ]
*8%¢ *6%€ *£SE *8s¢t *l9€ *29€
€ 1y SM0T4 Q3L1N0¥ 2
0°0 0°0 0 2 €

X MYSKY ov1 JAL1SN SdiSN

0

S3¥1

0

17er

0°0
oAV

0°0
SS070

0°0
SS0M

vViv0 9NILNOY 2 i«
0 0 1 o
3dV11 NOD31 dn0)1 ovisl s
ONILNOM HAVYIOHOAH
santaoscns n dansaanans _®assgecene
M= = R e «NADs

VSN NLGIINING 4 DN SWEOT SSanng 3900w




B s
\ s ! \ ]
{ { ' ! { '
' ! i | | ' |
i | { | ! | { i | , | i
| i | i i ‘ i |
i ! ! | | [ 1 | ! :
4 LB R G O SO A R R R R degassasteene st seaemes ]
| [ o | 1 i . , | ‘ , | ‘ .
| | | ! | | i
| |
| ’ ! ! : ? ! | ; g f | | .
i ' } S P gt SR Se (D S SR SN |
s ! | { ! | ]
P . e DO e i B N N e R s B ?
i | L I I I I I i
' L | | { H
{ "o | | f i | ] ! | !
‘ i y [ | i | | ! i
| l ! i { { !
| - | I | f | ' ! i | ‘ |
H | I i ! i
| i G R e e s SSRL St SRR SO LR S
| | | | ! i ! | | | | ! i
! “ ® © 0 o 0 0 8 00 * * e s 0 s ® 0 0 s T 0 e 0t 0 e e s s e e 0 e e s s 0 s e e e e e e e w0 {
| L ' { | |
, T AR e SRS SRR IS SR [ i
! | | ! | | | 1 ] | | i | |
! | | ! | | | | | ! |
i i ] |
| i ! | | | | t t ! |
e £ SR S { '
L L I I I I T S R T U S N S O I Y ® 0 0 & 2 0 0 0 00 s s e

0.

70000.
.
e
.
.
.
-
.
.
.
.
.
-
.
.
.
L
.
.
.
L
.

60000.

3

. 1 .
i

STATION
50000.
R
0

40000

INFLOWSI<s OUTFLOWR0< AND OBSERVED FLOW®®<
30000+

20000.

i f CH i

|
.-o! 4
|

@ |

-oooooooooooo-.noouo--noto.no..v-oo:n.ooo.--no-t—-oﬁ'
1 | | (=]
l
|
!

Lo=S

10000,

2.
.

L R

o
cmNMINO~ DO

10 01
11 0I

12 .1
13 ,1
14 ,1
15 .1
16 .1
17 .1
18 .1
19 el
42 .
43
44
“s .
4h o
o7 .
48
49
So

3

SQVF*

‘ 124 VSN N GLNIA 4 NI SWHOS SLANSGOE 38D0W




B I e T N P e i coct 20°0 L1°0 92 i |

*L81 20°0 L1°0 S2
| *192 00°0 90°0 %2 |
S Rt e . iR L — . *€0E T 000 900 g2 T e e s
O *LYT 00°0  50°0 22 L
bk *oel €10 @z'0 1e
i g T R e T T *6€ N0 Tl 0T N i
°9 00°0 4€°0 6l ‘
*9 00°0 01°0 81
i Y T R L °9 00°0 01°0 11 g g
) 02°0  01°0 9t
L7 00°0 %0*0 ST
s R o e e o 00°0  %0°0 #I : ) e e e R
< 00°0  %0°0 €1
2L 00°0 10°0 21
g e e b i et R R ) T 0000 T0f0T Il T . R
°g 00°0  10°0 o1 i
g 00°0 90°0 6
=i SRS v (= pel il I e ey g T 00°0 910 8 C >
e 00°0 80°0 L
6 06°0 20°0 9
- e M e ey b S 6 00°0 20°0 s o o
6 00°0 20°0 v
‘6 00°0 10°0 €
L R g i SEaae T *6 Q0RO A8, g T e e
A 00°0 10°0 I
For bl . 0 dn0d SOX3  NIVY  3WIL ey
R ; i 5 M074 Q0I1¥3d-40-0N3
: *5 °91 *22 ___IsS¢
TR B s s e e ~ *6E1 c022 *8%¢ *0ss *L69 129 e29€¢  *90l

00°T #70A 69°C #d) *SHNOH 0E°9  #9v7 *SILYNIQYO QOI¥Id=40-ONI 91 HAVHOONAAH LINN
g i) SR T STIVAHIUNT 22°2 #4 ONV 20°% #DL 33V dl ONY dD ¥30ANS NIAIO WO¥4 SINIIIIJ430D »aVI1D 31VWIXOH¥ddY
0E*T #40I1M 00°0L #NSONHD 0001 #01¥1S
Viv¥0 NOISS3II3M

0 WVIN  69°0#dd  0E*9 #dl 3
e i e IR o : ViVQ HIEYEO0HOAH LINN b S 2
00 00  40°0  0S°T 00°1 0°0 0°0  00°1 0°0 0°0 %

dWIly XW3Y ILSND q1y1S ¥Oolid SHHL1S NIvy3 011y ¥M11a 9MY1S .n i

T B PR RO e e e e viva $507 - ;

826°0 SI WVH908d 3HL AB G3LNAWOD Ddsyl

Rt ; ey i ‘ 0°0 L 0°0 0°0 0°0 0°0 0°0  0n°El = S = i
o6d 2Ly 8vY 2y 2y 9y SWd 34dS 2
e P e Pt et 0 ) viva d1234d X My H
0 0 0 0°0  0°0  00°0%I€ 0°0  02°0T 1 1 :
207 3WYSI  MONSI  OILVY  OJdS¥L  VOSHL  dVNS  Y3NVL  OMNI  9QAMI crullb <
Vo ] AN T L Sy V1IVC HAVEO0XQAH >
) 1 0 0 0 0 9 €
= TUTTTTTTTTTTT T T T T 3AWND ledr T 19r T 39¥ll 0 N0D3D dWOdT  bvASI i i
dWd 92 v3¥vens e
I R R P A R NOILVYINGWOD J4ONNY V3uV-8NS )
- L ‘r”.’.“'..“w.} s fsentanseas ” i shosanoans LXZ222 2222 ) PERErTEP N, ....A‘... are
JERDE b R N LT S R P i ‘ G N *N/Oe




*cege

S0°L

*261€2
3WNT0A V101

°9t8¢

S 20°L

*199
YNOH=2L

*e61€2

*L9
*89
€L
‘€6
66
*101
2L
*L51
692
*%6€
*129
MOTT
*09%t
6212
*%00€
219t
*66€€
L1252
*H1E1
*9¢€9
*GGE
*502
6l
et

*95EE
L9
*1691
4NOH-%2

L6°9

0°0

0°0
oceo
00°0
00°0
00°0
21°0
00°0
00°0
00°90
00°0
00
00°0
00°0
1o
1o
1o
%0°1
s8°2
2e°1
12°0
L2°0
L2°0
20°0

*9591
%0°€

*BEEE
HNOH=

og* 1t

0°0
00
20°0
20°0
20°0
11°0
el
€1°0
%0°0
%0°0
%0°0
20°0
20°0
20°0
92°0
92°0
92°0
61°1
00°¢€
L5
2%°0
2% 0
2%°0
L1°0

SR SLINISOS a0y

1

VSO RO iNN

4




J!‘l\ R . Ll Ll
Q . . . .
< . . . .
A— . S —— e —— —~ = S .
3 . . . .
3 . . . .
- 4.:.-—‘. . e A e 1 5 . » .
1 . . . .
J . . . .
» J . & . i . T .
1 . . . .
1 . . o .
J - a2t | e e - .
l_ . . - .
IKJJ . . . .
xx 1 L 3 . ¥ 2
YT . . . .
XY YXXXXYYXY T » $ &
T AN RO RN R e T . v

OOOOXXXX XX XXX & . s
KK(KJ . . . .
Yyyy¥ ¢ P s SISE RS >
Yxxx b L . .
X1 e . . .
= -JA— . e, o g ¥ .
1 . . . .
X1 . . . .
-J . - e LT N, % .
«“1 . . . .
Tl S L < >

IR 2 8 i T R S SRR, S i n
X111 $ ¥ 2 =
3 o . 5 .
% | . e s = . .
1 . . o .
J . . . .
5y J . Y o . e L
Q2 . . . .
5 . . . .
1_ X AR o N A B s — .
- . . . .
A . . . .

- K]_J . amz— T e . ——— L
& . ) o *
1 ¥ » . .
J . R 7 s . - .
1 . . . .
n— . . . .

-~ J . e e T e R g e .
J . . . L

] 0 1 2 € *0

>¥%SS33¢2 ONY >7241034d
0 Y 0 *0 *000%

<
|
|
|
i

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.

.

.

.

.
.
.
.
.

.
.
.
.

0
*00s¢e

® 606 ¢ 0 0 0 0 0 0re e 0 28 o o e 0 s e s e

°0
*000¢

e ® o o 0

@ © ® 0 0 0 0 0 0 0 0 S S G L e G L e e e e 0 e e

H
i
|
.

*0

*00s62

® 0 & 0 ¢ 0 0 0 0 s 50 0 L 0 0 00 0 00 G 0 e 0 8 s s 00t e L e e e e e e

°0

*0002

® & 9 8 % 0 6 8 0 % O 0 0 0 0 S S G0 GG L e 06 ® GG 0 e 0 G P S E 0L e Ve e 0 e s e 0

-

*0
*00st

L I I I I I I I I I I I I I R I I R I

* e o
-
.

|
i
-
Ld

\
|
|
|
|

—
-
-

|
|
'
|

|
|

'
{
i

el

b

|

|

-
1—.—-

|
{
|

-
-

® e 6 60 o 00 0 00 e s e 00 e e e

-

|
|

o e 0 00 0

|
|

|

N8 IHOCW

SR S53N

itNINd 4

i
|
|
i
|
|
|
I
|

ha

ven

)
|
|
|
|

e e e e e e L T I O S R U N S

.
o

.
o

O~ NMINO~ OO

R4

*0001 *00s

>a%M074 Q3AY3SBO OGNV >0XMOTJILNO *>IBMOVINI

%

NOILVLS

.
(-]

T waRUR

——




e e e R *€900T1 ~*€5L06 *2281€
28°8 vi°g 12°L €5°2
*1v51L9 *Hanel *1€£LSY *191%9

“14=0v
S3IHINI
*S»8S9 sS4

SWrOS SSINISTI OO

3WNT10A VLIO0L YNOH=2L HNOK=%2

UNOH=9 Nv3d =
* 0968 *L1801 *e91¢! *g€291 *92202 *1gese *2681E *0986€ °2068%  °929:S :
M *162€9  *G%eS9 *6£929 *6levs *ESTHy *2€€2¢€ *cgele *99921 *491L — *29te z
*160€ *€1se *0922 *1912 *SS02 *L681 *a691 2941 *9€11 °Ssg F
*Ca9 *0€9 *0%3 *LS9 *699 *69% *6%9 *L09 *8%S *Sgy e <
ST AT R P e *65¢ *95¢ *LSE *29¢ *L9€ sppeT T Yelt— 5
€ 1V SHAVH¥O0XAAH 2 40 WNS
0 0 0 0 0 4 € 2
% - ] 3WYNI, lydl 17ar 3dV11  NOJ31  dw0JI  OVISI T e Crmi Er

SHAVH9O0¥QAH 3INISWOD

esnsospnons fnadponasnns apnnoannan Gonpnasnnn #aodansons

*NAOe




— - PRSI - e S — ———s S — ———— - - - - S —— —
=
. . . . . . . . - L . '_ . °m
. . e - s g . . . e .- . . . e N.l ————— OQ R S E—
. . . . L . . . . . . ~ . - w‘ .
. . - . . . - . . . . M . . N‘Q
L e e e et s o . e~ . ) i i e e e s B SRRSO et e ————l
. . . . . . . . . . — - . - mc
. . . B . . . . . 1 . 0 * uey
- . WP - M . s . . ekl e i e N . . - R i - n4|| R
. . . . . . . *1 . . . . . 2% i
. - . - . . . N . . . . . . —Q
. i . R o e i r . . M . 2 ¥ L . . - . . e R J °4 R e i o
. . . . . . 1 . . . . . . * o€
. . . . . . N . . . . . . . mﬁ
oo g . i e e L ad . . . N . a . - .. e e . “” R
. . . - . L4 . * _ . . . . A on
. - - . . . . L . ~ . . . . mn
P N G S e il et = R M . SEEEEERT L i . foi N. i §- T c” S A
. . . . . . . . . . . 2 1 . * £¢ .
. . . . . . . . . . . e . 2¢
o . i e T e O i N Tk s . . 5 . . v = . . . = e ) »lJ'lx- T T
. . . . . . . . . . . . 1 * K
. . . . . . . . . . - . — . oN
WS g . o . e W) L W] . - . . . . - . Sy L v - . e e e ~I|.- QN T
. . - . . . . . . . . . ~ . FN
. . . . . . . . . - . . H . ON
s on . Sicainan masanue 2o . e . . ny . e = . . A A L A
. . . . . . . . . . . . 1 °* %
. . . . . . . . . . . . I* €2
S R . S R =B R—— =2 . . . = e P . o v . T I e Nl NN e e ,IN
L L . . . . . . . - . . n. ~N ﬂ
. . . . . . . . . . . . 1* 02 )
Sy . R T e e e g o e L I = = . . . . i s . N e . e R B e ﬂl o.ﬂ SR T S .Hu
. . . . . . . - . . . . 1° 81 ES !
- . . . . . . . . . . . 1° 2t - x ,
e e R e e e e e T e - e . == . i - . i RS T T ) g :
. . . . . . . . . . . . 1° st b3 {
. . . . . . . . . . . . 1° %1 -3 !
Wik en .- . = . = . . . - e s . . e g SR = i
. . . . . . . . . . . . 1* 21 5 3
. . . . - . . . . . . . I X H
e e Tt ey S & “ e = . B R . A e T M T e I o1 =
. . . . . . . . . . . . 18 M.
. . . - . . . . . . . . I8 -
TSR (oo . M T . - . . . = . . e o | e e N F . ':
. . . . . . . . . . . . N o
. . . . . +* . . . . . . 18
s=—=———— e G e . O e TR S . - Ry 14
. . . . . . . . . . . . 1€ 3
. . . . . . . . . . . . 12 :
B . el s T T T N e S S S 2 2 . = = i . 2y . - glem==a==—s=r% I 1
*0 °0 °0 .9 °0 *00002 *000C9 *0000s *0000% *0000€ *00002 *0000t1 °0
Rt YU N il . N AN N G >8%M074 03AY3ISEO ONV >0%MOTSLN0 *>IBMOIINT AT
e Su ke i T .. & | [Nowivis
i




»!

——r— e Bt ey e e S0 = e e g PR S -
*569201 *6LL90T1  *81968 *1690€ 14-0v
il o ) X 95°8 8v°'8 2t°L w92 S3IMONT =
i i *L12159 *9€6L 1 *6S1S% *sL819 *1LEE9 S4 Z
3WNT0A VL0L  HNCH=2L  ¥NOM=%2  ¥NOH=9 »v3d z
T 3 T T tegselT  c00291 *90202 *45092 *0662€ *HEE0Y °9698% *91995 °10819  °1.€€9 g

*25%09 *I%%€S ‘619€% *L0L2€ *€Evee 484! *25%8 *gyls *69%E *0692 oy

__*0%E2 *9912 *€€02 *sLst *1L91 *1291 6411 *%06 *teL *199 b z
B 3 = SoEQr T 56O *€993 *099 A0 *656 - *94s “68% *LEw *66€ -
*GLE M1 *pcE *65€ *29¢ *99¢ *69€ *1.L€ *2LE *2LE T
L e D e o ) 5 Lv SM074 03L00N e R el B
*0 0°0 0°0 0°0 0 2 5 E
Ll B ) ' i ‘ v¥0LlS  MSL X WHSWY oV NQLSN  SdISN o Pia B
0 0 0°0 0°0 0°90
3WVYST  S3¥1 9AY SS072  SS070 Gy dmt
e B A T T e E Y viva SNILNOE i e
0 0 0 0 0 1 s 3
IAYNT  L¥er 17ar 3dv1l  NOJ3I  dw0d1  OviSl s
i i T A ONILNO¥ HAVYOONGAH v
- j _ ) . 0‘0.'0‘0040‘ el postasosns aostaonaces cesRsnRnoe g y . ..l..‘.‘...@..‘
=g S e i e e e e
3 | - - : S




&

STATION

ook SHRRWLY o St P Sl el

.
]
|
! . L I I I I
e
(=]
i i :
| i
| | |
| | |
| |
{ s e e e s s 4 a0 e
S |
‘o { {
‘ ! | {
’ i | | i
i . T e e 8 s 0 0 s o e
I
I o | ! |
1} i}
: { | |
i | | ‘
! ! | !
| ]
1 . e e o0 s 0 0 s o0
.
. e
i
.
. s o 0 s 0 0 s o0
.
o
o
o
o
~
v . ® ° & 8 0 0 b s o
s .
RO
= o {
oo |
Jo i |
W o
= |
] t
> . LN R L I I
o e
wo
wno
Mo |
oo |
v
a ' | I
z ! ' |
. e o o 0 0 0 s s
)
oo |
* o
x O
o
- T
W
(=
2
o . ® e ® e v e s e e o
.
-
v o
- o
RO
zM
o
-J
W
Z . e e o 0 0 00 0 o 0
L H
- |
. o {
! o 1
Y l
~ |
v 5 '
| |
| | !
. e 8 & 5 0 0 b s 00
. i |
o | | i
e | H t
S | i
o H | 1
o S SO K
| | |
Y ! i L
Bt b bt et Pt et Bt et bt bt bt O
i .
O~=NMINO~NDOCrO~N
i —

we
|

w SO N NS

i

13ek -

o1
o1

14
15
SN |/ 3T

o1
o1
o1
o1
o1
o1

17
18
19
20
23 .1

21

i

LSO STINISNE INOOW

..
..
* .

i
. o

{
..
. .
o .
° .
LY
.o
..

i
..

|
——
oo
..
3 0
oo

I
I

. 01

27 «

26 o
e

30

FEEIEE SRR

29

—
(]
D I )
'
- O
® o 0 o0 0 o0

Qo

- ‘

® 0 & 0 s e
o,

- i f

o | !

=] i

1
LN .f'. .‘..
NI O~T O
Lol o Waall e Moo ool o ke |

o
e« e e e e
o
|
- O o oo

o
e o ot o o

50 »



B

e i . ' - b y -

*n2el 90°0 02°0 s2
*L021 00°0 g0°0 42
*9g6 00°0 S0°0 €2
m— G g s *L0L 00°0 g0°0 22 FaT T
*gEy 210 CrAd] 12
*6n2 02°0 6o°0 02 b eh e
y & 3 SRLT €0°0 ¢£°0 61
*651 10°0 R0°0 81
991 10°0 80°0 2t
o pla et — *g991 10°0  @0°0 91 SRS e T
gLl 00°0  €0°0 ST
3Lt 00°0  €0°0 &1
i Rl i i “8l 00°0 €0°0 €1 S T
*081 00°0 10°0 2t
0Lt 00°0 {60 11
ST il R s oy Tl s *Hs1 00°0  10°9 01 AL e e
T ¢ 10°0 90°0 6
*121 10°0 si°0 8
e LA s i e L o e o €11 10°0 20°0 ~ L e & i G ¥
*601 00°0 20°0 9
*201 00°0 20°0 s s BT,
AT : - S P 5 *L01 00°0 20°0 SO U T
*G01 00°0 10°0 €
S0 00°0 1086 2
LI i i s S i o R o - *211 © 000  10°0 1 - - i
0 dw0d SOX3  NIvd  3WIL
MOT4 COIN3Id~-40-0ON3I N e o RS - 1
°Q¢ *1s
el o6 ugl 1L *ig2 *21¢ *22% *0LS *0LL _ *0%01_
i T S ) S *LLIE *H0%€ *H61E€ *6852 *2sLl *nl6 *952

00°T #70A %L°0 #dD *S¥NOH €6°01 #9y1 ¢S3iVNICH0 J0I¥34=30=ON3 22 HJAVHO0uOAH L1INN

SIVAHIUNI SE°E ®#8 ONV LE°9 #OL1 38V dl ONV d2 ¥IOANS NIATO WON4 SINIIDIJI30D NHy1D 3ILVWIX0ddav
0E° 1 #2011y 00008 aNSOND 00°G11 #01¥1S
v1va NOISS3I3M

0 sVIN “L°0ndd 06°01 #4i
ViVQ HJVEOOHOAH LINN

60°0 60  L0°0  0S°l 00°1 0°0 0°0  00°T 0°0 0°0
dWIl¥  XASTV  HISND  UHIS  %0I1¥  SudIS  Nive3  J0Il¥  ¥MLI0 @wdls s e
Sy ST e PR o D i ¥i¥g $S07 8 Gl i
168°0 SI WY¥902d 3KL AS G31NAWOD JdS¥l
S 3 TR 90 00 00 00 0°0 0°0 0°0  0S°2I o ; : -
964 2Ly g7y %2y 21 9 SWd 34ds

VivQ <Id3¥d

0 0 0 0°0 0°0 00°»1€  0°0 00°82 1 1
IWI0T 3IWYSI MONSI  OILlY¥  JdS¥L  vaS¥L  d¥NS v3yvL  9uNl 90AHI
VivQ Hgvdo0udAM

1 0 0 0 0 0 *
3AYNI lydr 1740 3dvil NODJ3I dw0d1 oviSI
dWd £21 v3dvens

NOIL1VLINdWOD 440NNN VI¥V=ANS

Sponnnnans

fsnploonnns #Rossnnoon spossssonn




Q5104
S9°6

T - - i R R T aair—a *2en2ne
3WNT0A VLIOL

*9586€
85°6
*€699
YNOH=2L

*9ERZHe

*LEET
*L191
*0902
*sg€s2
STLLE
*590%
*6eES
*8trL
*9Ec6
*H9921
*5659l
05212
*LRES2
*9l€L2
*LEc9e
*96922
*0L2Lt
59ttt
*10%9
*2set
*egle
*9Lst
*6821
*sLel
*6€E1

*22LEE
tres
*€6691
YNOH=H2

29°6

0°0
0°0
00°0
00°0
00°0
10°0
A B
10°0
00°90
00°0
00°0
000
00°0
0090
81°0
8r*o0
|10
L7
26°¢
Sy
LE®O
Le*0
Ze"y
90°0
90°0

*‘120€1
wiE
*9%€92
YNOH=-9
0S°€l wNS
0°0
0°0
20°0"
20°0
20°0
01°0
S2%9
210
€0°0
€0°0
€0°0
10°0
10°0
10°0
2E*0
2€°0
2€°0
16°1
G0°%
6671
1520
16°0
18°0
02°0
02°0

*HleLe
%73d

14=0v
S3HINI
S42

INCO™

RS § S £

VLA N AT

-




*QVFe

4

STATION

0.

12000« 16000« 20000« 24000 28000.

INFLOW®I<s OUTFLOWR0< AND OBSERVED FLOW®®<

8000«

4000.

- d

v
>
»
)
n
J
©
<
W
Q
= |
<
v
s |
X
a
=
o
W
(o4
o

0.

2.

4 e 4

6o

0.

0.

0.

Oe

0.

0.

0.

e

.
o~MNMmINO~®C
i
|
i
|
|

|
|
|
I
|
i

|
|
|
|

VLN N QNI

Pt Bt e B bt

@
-

L

SO SSANISNR Gac

LLxx

N

Lx

AXX

L

LAXX
LXAX

LXXXXAKRAXX

LXXXXXXXXXXXXXXXXX XXX

o LAKKKXXKX

LXX
Lxx
LXXx

S |
I
..
|
|
|
|
|
o
|
i
|
o o
|
I
|
1
{
Y
. .
-
-
. o
..
Ty
D)
o
i
1
..
'
i
|
|
. .
~ @
L2 B o |

39
40

e e 0 o s 0 0 e e
—
e e e s s e 0 0 0
-
e« e 0 0 v e 000
-t
:
i 5 :
Qootno..'li
i |
’ l.-‘! l
i — |
{ -
-
| L
D L
~NMIOCNTOC O
QQQQ‘QQQQﬂlﬁ'
I
| [
| |
[ !
] |
B
l .




A R Staes SR TR LS PSS U W R L C S ISR (U1 SO W (BT . of 4yt e U e SR =
A T A e T cecaint °S299%1 95911 *S99.€ 13=9v R iRy
€e*g 9L°R €0°¢L s2°2 S3HINI s
*0s0%6R *p29%2 *88265 *616SL *LH0LL S40 B 1 L e
Ty 5 =R i) ) 3WATI0A WLoL YNOK=2L HNOH=%2  HNOH=9 %v3d i b= ) -
"aSmel  */IE8T  *99322 69582  '29LSE  ‘@eEwy 5205 *EESE9  *LEETL  *6l00L TR i
..... N VX L ) A R T T *50069 *12009 *0LLeY *€H89€ *1€L82 *€1S91 *0.86 *Evlo 3 :
*€25y *2%LE *22¢eE *0sig *010€ 962 *ss€e *0681 969l *€601 z |
*Sh8 rL] *228 *gew *L08 *2LL *£2L *0.9 TS S E e e e !
= ) i T tals t66% 0w "Ly 1Ly *HlY LLn 6Ly ey *og3y > i
4 1V SHJVHESONAAH 2 40 HNS |
0 0 0 0 0 2 4 3
. ELTIYS GO ECT 17ar 3dvil NOD3T  dWODT1  DVISI ) T e R
e . SHAYHIONCAH 3INIHWOD
g K - 5 e e Tty oL Jadaoamtaa o “apdsbsans LEL LYY sansanoans R !O..‘.t,m,‘.l.".w‘
e R e e o i eNAD®
'
o S = = e e o et e el dhin




i

&

STATION

INFLOW®I<s OUTFLOW®0< AND OBSERVED FLOw%%<

*QVE*

! | |
A e
b
H i
e s e s e s e
.
o
|
e 0 0 0 s .
. \
@ | i
| |
| i
....‘Ol.
& |
(S T |
H '
| |
i
| '
!
o ® o s e 0 e
8 |
=] |
}
i |
| !
e & o 8 s 0 0
o i
=}
o i
o i
o
@©
.
e s 0 s 0 0 e
.
o
o
< 1
o
~
e« & s 0 s 0 .
2 '
o
o ]
o i
< {
L2 8 i
« e e e e e
.
(=3
o :
S |
o
n
e o 0 0 0 0 0
.
- i
o H
= {
o
¥ !
e« ® o 0 0 e
.
<
o
o
=3
(e}
|
® s 0 0 0 s
.
=4 f ¥
=3
° |
o i
N | !
| f !
e o0 00 0 0
. i
o |
S ! ‘ |
o
°' Ll {
P |
'
! ' 1

Bt bt b bt bt

. |
O~MNMIVLO~

i
|
|
¥

|
|
|

oI
.1
o1
o1
1

15

NESU ) |
17

18

_ 40

o1

Ny




il TR . =i ‘61965 *4LL8S *1298 Yy o
°L88L9 *SESLY *L2%6 ]
*€L9EL *BL9EL *06566 2y d i
e § N e *H5999L *EES9L *2%201 19 = N i
] *9vGSL *696SL °SS101 0% =
*HL2lL *89g 1L *6vL6 6€
Tl G R *S99€9 CE1S%9 *5206 vE .
*LEY2S *96E£4S *LS6L LE
*can 0y *L082% *9n93 9¢€
o i 2 5 SrEe *roLee WEEA T *c02s SE SRS
*9R1INl g lte *92xrtE nE
o s *10501 “lelel *quze €€
. *8159 *5008 c2c6l 2€ ‘ TR D
*0ESH *EEES *2251 1€
S ) WAL *CEln *00€T o€ Cn ot [ g gl o RSB SRER
- e i L *%990¢ °2€SE *asll 62 ) 3 T
*10Re (Sixd *LS01 82
Ty al 2 laede *Lese *O0nOE *Gu6 L2 i
S i *HG2¢ VAT *%s8 92 - R T
*0261 *0552 *wel <2
= CLasE 5 T *9951 sgde *16S "2 e A
3 3 *vcel *L991 €Ly €2 B
*2201 s12t *ayE 2
Rt e Ly *2H4 “L66 *FEE e S o .
T SR s i, e *L18 *198 *80€ 02 i il i oo LR e R R :
*£6L %2R *662 61
*sit *€23 *262 61
T i ¥ *gny *s18 272 L1 . TN T T Ay
L 68l 092 91
*999 /vl *1s2 st
i ) SNl S0 5 e i S (e A *129 T*L69 To*eg2 w1 L i
! *81S L *H12 €1
*1%s *€65 902 2t
>y e o e S L A *€ls *6%S *f6l 11 e S i e
c2ey *v1S *9ul 0t
*08% eyy 181 6
= e PRE T i Ui . "Ly V) e U ¢ T8 g s e N e L
*SLn 1LY *6L1 iz B .
*1LY €LY *oel 9 -
i Ty i SR Ty g *oLY Ly *lel 3 ) B z
: *18Y “eLhy *181 9 !
*28Y *0nY *2ul € <
e e TS T R e e A P -] E¥Y *28t 2 PR EE e et Septc fre S St !
*yey ShEh ‘€91 1
4 100 d02 NI 9AY  ¥01S d03 3wlL g i
3 *€60292  *6LL6LT  °9992H1  *62S8O01 15672 *0%%05 65522 *10L6 *2E%€ *0 #M0T5LN0 u
ot * 15052 *€6681 *696S1 *5H621 *9sE0T *L9lL *RLlS *06S2 *se2l °0 #39ve801S :
°1- 0°0 0°0 0°0 0 0 1 S
o y . e ] vyolS © ¥SL X MNSWY 9V 0LSN  SdASN = <
9 1 0°0 0°0 0°0
A, L = sl l S () 3nwvSl S3yI oAV SSCN SS010
IR oy iy i ViY0 ONILNOY T A s T
0 0 0 0 0 1 S N
s 3JAUNI Lddl 17dr 3dYLi1  NOD3I  drODI  OVISI
z - RS 0 ONILNOY HIVHO0HOAH X : R L
s et Dasnsnnnsns sontansnns sopssopoonn foanacnans cosnsssasy

R REldaE s




z
£
z
:

i

4

BN NI

-

*18%59491 ‘creent *S6.1911 *SSELE 14=3v
€98 9s°8 L6°9 Togee I S3HINT-
*659€EL8 *2L0%2 *Hc88S *962GL *H9999L sS4
3WNTOA VIOL HNOH=2L YNOH=%2 ¥NOH=9 Nv3d

*6S9€ELY WNS

*€12R1 0199l 0s
*68€22 *22902 6%
*9t10L2 *lelse 8%
*HELE *eLize L%
*0091% *0800% 9%
*HL66% ‘1i2en Sy




f= 3
X it =it i S A R e R ot bR N R
i z . : P | l , . :
{ { | { | ?
i i 3
| {
I T T T I T T I
o |
o |
|
|
i H |
I |
S A SRR PO BT et [P JPSE S SRV S SRR SR ISR SRT T
o i
o { | | |
| f | | { |
|
i | |
\ \ \ i { i ! | {
| ! 1 | | | i
i t ! l 1}
H 4 @ 8 o % ® s 8 0 & 4 4 s e % s 6 8 8 8 8 B S P S GO T P L S G G s e s e e s e s e 06 e s |
! . | !
! { o i ! ! | | £
| | | i ! \ ! H
1 | | i | ! 1l | { i
H ! i
| ! 4 | |
! | ' ! |
| : |
! i | | | i !
' | i D T T T I T I T I I N i
. |
| o { | i 1 ‘ !
i |
| I {
| i
! i
1 1
LI I I T I I O I D I T I R I I T I I I D D R I D D I IR I I I O I D L R !
.
o
o e i
o —~0 ]
o
@ —
—
o 4
LI I L I I D D D T T R I I R R I I I I I R T I O I L I I I L D I L I I I

70000
o1

v
3 . -
Ll ' t
Lo i \ '
[ X4 I
J o |
a u. o 1 | - |
n 8 o '
i
> L L I I I I I I I I I I I I B I X o B I I '
x e i - H
wo ’ {
0o | |
= m o ! i
o Qo
- (2]
- (=] i i — . |
d z o
b= < 1
w D I T I e I I I = B L I N I I
v e
oo
RO
- z 0 |
oo {
J ] o
W
- ¥ —
> e
o LI L I L L O O A I O I T T B B O L I I I I I O L T D O B I
.
.o o
v o o
- o -
RO '
x™M
o
) o
w - -
= LI I I T L I I IO T I I O N I A I I I I I B I I D L I O D B B A L
L B
=3 o o i
o t \ { | ' - I
< t ! ! i §
P& ) i ! i !
! § | PO | | { !
H | | { H ;
i i | | ‘ i & ! ! ! i
1 \ D I e O I O B
Jhiz | | | | |
i o | ' i i e
L R S o e YRS (R e S B . =
{ o | i | ] | ' |
| = | ! H - 2 | 3
| - { | | ' ! - ! '
| | | ! | ! ! OO | 1 |
H 1} ! ! - OO | H ] !
i | { ! S bt bt b bt e bk et bt et et bt O | 3 i ! i | {
! Dl i Rl e e e o I I I R N I I S I S I L T I I I | E
\ H | . | { ]
i i I O NMINONT O O~NMINUNTCCO=AMNLINONDCO~NMINORNTTO~NOINONT T O
| ! ottt 44ttt A UANNNNNANNNNOE@OMEOEMOAMM T 13 I E TN
]
W
>
?

|
|

(44 7SN GHINING O Gy

z

i
|
'




— —
i

;

¥

B

00°%1€
["hAS 34
00°82
00°9¢€d
ocoge
0z2eonl
0g9°s2e
0g°s2e
0s°0o31
0£°6€
0ce6€

vay

*2Lun2
*2lynd
*E599
*oveLl
*oun8]
*1%9
cgnulLl
*12isl
*Esovl
SEYSE
*6LSE
HNOH=2L

*HCEPS
*BR2ES
*£6691
*6S15%
*TELGY
1691
*99Qch
*%£09€
206
*6n0k
YNoH=4%2

M04 3OVNIAV

*9625)
*616SL
*6HE92
*GLE19
*lvivg
*8EEE

*scleg
*€16%9
*21t1g
serlnt
*n29n1
HNCH=9

*59%0,
“L90LL
*alg22
*1Lee9
*G%8S9
*215¢
*SER%9
*21L99
* 06625
*antsl
*02eql
¥v3a

SAHVWWNS 4 JONNY

~NNNMMM TN

01l Q31Nn0¥
Q3INIBWOD 2
1V HdVE9OO0¥TAH

01 Qg31n0d
Q3INIBWDD 2
1Y HEVEQO0xTAH

01 Q3in02
Q3NIBWOD 2

1Y HdVEo080AM

01 031703

1V HdAv890HGAR




APPENDIX C
PHOTOGRAPHS




bescription of Photograp™s
Gilboa Dam

Plate

1. Overall view of masonry and earth dam sections z-i spillway channel at toe
from right abutment.

2. View of downstream slope of earth embankment s=zc:ion from left abutment.
APPENDIX C

3. View of masonry section from transition wall.
Note: Deterioration of downstream steps and bziZles.

4. View from stilling basin area showing overflow from spillway channel to
stilling basin.

5. View of immediate downstream area showing stilli-z basin dam at bottom
of photo. |

6. Close up of baffles and steps from right abutm=n:z. Baffles at left ,
were removed. : f

7 & 8. Close up of downstream step deterioration Zr:m spillway channel.

9. Hillside slide downstream of stilling basin.
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APPENDIX D
PERTINENT CORRESPONDENCE AND REPORTS




- Shandsken ftunncl, will be 17 billion gallons. The erca of

‘\.NUV.AU.Iwu ruUN AFFHUVAL Ur (HE I

‘ . CONSERVATION COMMISSION FOR THE '.Y.)
CONSTRUCTION OF THE GILBOA DAM.

:

Gilbce Dam, i | Yovcermboer 16, 1917,

Board of Water Sunply,
¥unicipal Building,
‘ Ilanhattaon,
Gentlemen:

The Gilboa dam, on Schoharie croek, in the tovm of
Gilbosa, Séhoﬁnrio county, liev York, in connection with the :
Shandoeken tunnel will do’veiop the Schoharie weterched for tho . 9
 supply of the City of New York. : ot - 5 :
The Gilboa dsm Wwill form e resorvoir zbout 6 miles
" long énd with & meximm width of sbout 1-1/4 miles. Ite flow
lino will be &t clevatlion 1120 and its available cannocity sbove

clevation 1050, which 1s the clevation st the intake 4o the

tho watershod?dbove the dan 1s 314 sguarc miles,
The Gilboa dam is composed of 2 parts: First, a
stepped.maéonry overfall. scotlion, 1300 foet in length, and,

sescond, an earthen dike 1,000 feet long. Below the dam 8

" spillvey chénnél, for coliocting and leading the overilow

wétor~baok to the bottom of the valley, will be provided.
. ho top of the dem mnd dike will bo 20 foot above tho orcst
of the splllvay. Tho‘oxno? form of the spillway chennel cen-
not be detormined until tho.oxoﬁvation has been comploted and
the roeck contours have beon do?olopod, and its shape, as ro-
gords 1ts capacity for enrrying water, will not be finally de-
tormined until eftor a modol has boen constructed end tho be-

havior of flow ovor 1t carofully studioed and determinecd.




sl

‘xepresent a probeble dopth on the epillway erest of 10-)./2..Lov%,

Boardi of watur “upply. RS VATWAL R (-

£1L expocod frcoo of tho nnsonry Qe end of all walls and
other ctroturee ebove elevailion 103IC, Ttelow whleh the raservolr
will zeldom - if cver - bo drawn, ave to be facod with stone,
thus fumiching the greetest possible degroe of permasnense with
e winimum of upkecp expanso,

Carcful ctudioo of the flow of &1l streons in the vicinity'
rere maie for thoe purposo of dotlermining ths probadle naxipun
flood vhiich might pass dovn the Schoharis valiley ot the eite of
tha dan. The next grectent floed in this reglon of whlzh any
history could ba Jownd vwas one wnich psssod dovn anpus‘croek

on Doccriver 1), 1876, and from water-moris there peinted out 4t

2 Sie s
<

vies ovident that tho dopth over Bivfdﬁz-fgilé vas 12 feot. From
this aepth the probeble discharge was comouted az at the rate of
180 cubic foot per socond p§§4§§£;£5 ﬁila. This rate, vwhen applied
to tho 314 2quare rillss of thq Sanonaria érainsfs area, would glve
a probaﬁlo maxiran disoherpgs of 556,000 oukic feotl per second, rl-
though, in view of the floods which heve in recont yeors securred
in ¥enras, Indlisne, Chio and liorth Céroliﬂa, end vhen considoration
is given to the ovidenceo ol tho loesl tonngraphy with relation te
the sculpturing eflcets of flood flows, it seems that, on raxe
occasion, there mny oacur a flood Lron o to three timas ac great
eg thet reprecented by the 56,000 eudvic fcet per sccond sbove

stated, (Vory approxmimate data indfcate that on Qetcbor 9, 1903,

e fERY N

tho diceharge of tho Sohoharie ot Pretisville was ab the rrte of

@ £9%q; 225,

£50 oubic feot per socond por sguaro nile.) Tho spillvtay wes
thereforo denipnod with sn emplo nmargin of safetly ovor and above

o Tlood flow of 168,007 cuble fact por cccond, which quantity would

]
.
|
i
i




-

. 53

160,15421

Board of tater Sunply. 11/26/17. {%)
e roolk on wnieh lhe dem 15 o be Tounded iu D icn sonf~
i P

‘cton\, i tho Ithacs sories, ol cveeeplionally sound and durcble
.’ =

quallty, o3 1v well evidepcod By its zcszicfonce 1o tho erosive

cetion of Jebohoric creek vhich, al the darm~-uite, hau exponed

the ulratae in nusstion, Ehis Iihece send-ctone lisch in prastical-|

horizoninl beds, shewa the tyvical *ica of thres wain macter
Joinis, zas rslailvely fow ceorus, ond, in ganerzl, By rczson of

its mincrd coatent, wWill meke anwnmiuclly good fouwadebion both

by reason of aipls strengih and wreladive innolubliily The

ES

mirerelogie mekenpy of the rock 1s welalivoely simpie. Suariz

o
(7}

the dominant conct umt sud de zoprezented bein by orizlns

quarts greins ossourring as fepsralag 1_.dvitm.41" and &S guarvs

grenules of vuch fmalley pize cacnrring in erlgingl fragments

of other inzludod rocke,  f%he {otel suertz content, including
that due to cubsequeat reorgzsnmization, is from 85 to ¥¢ por cente
Phe othar prineipal e-natit T8 ars scrieitvic mica and ealorite
vhich togethor constitube abteut 18 por cent, of (he masu, Gae

othor foaturs is worthy of notice. vaztover fine sleyey raterisl

may have boen prosent totweon {he original grains vhen tha meto

riel vias leid &owm haog, in the covrse oI {iwe, been thercn Sidy

reorgsnized 1nto the definite mineval ezgregates, eoricito and

s

chloxrito. “hese minexals iuz’m, noroover, intorgrovn vith the
nor{,ins of the origiral grains wnd Iragments in cuch & wey es to
nake a clos oly in%erlooked end somevhat crystalline, fimly bound
matrix, thus adding greatly to the etrengih of the roek snd to
1%s curability. - In goneral toxms the rook wounld de elessified
koth e & strong Qurable ssni~stone srd e a very quartzoso bhlue-

stone of the bost quality,

1
i

it hhinn




Zhg snclanl course of the preglsoicl Zchoherie was at cone
éietanco west from the prosent position of the otreem nnd tho
gorge which 1t then cut voas rpmtorivlly decper than the one vihich
has since keon Formod. $he tovizgs on the vestorn end of the
dem=sito have shovwn that this ancient gor~a is solidly £11lod
with o good impervious niztuare of glacial materlals which 1s
entirely overlain by a hcavy dlenizet of as pgoold and impervious
a oley as it is vrohadbly vossikle to Tind, This clay blonket
fron 2 to & par cent, of limo, thus indicating thet 1t was un-
doudbtedly pushed and consolidatod into its prassn® condition
by the ico choaeb vhich passed over the limentone eigosures to
the north-eact,

fho caxrth in the vieinity vhich is avelleble fér'use in
the constwistion of ¥he Gike is éhat Lron the clsy bhlanket above

rentioned, It 1s & tough insoluble rock Flour, homopencous in

. struciure, practically inpervious, and, so far g5 has been ob-

serveld, honrs no watex. I%s resistance %o cxpostre of gir zand
water is well indicuted by tho remerkablo munner in vhich it
hes st00d end rosintod tho seilon of the olements for the many
Yecars vhich have clapsed since it was deposited in its present
position. . 2. '

The cross écotion of the nasony v overfall dam ig enovn on
en geocnpenying drawving, acoessionad 26033, on which are also
indicsftcd the sssumptions as 1o the megnitudo o2 the forces

eoting upon it cnd tending to 1t destruction. It will Yo notod

that the resultont of the forees fnlls within the "middle thira®,

exgept nooar the top vhoro tho impossiblo combination of g ton foot

flood nnd a simultoncous ico profinro plages it elightly outside

this linit. I# is to bo notod alco that tho cross sncction of




f(.,-'f

Board of later Supply. »  XXf16/1%.

~-against by providing a froeboard of 20 feoet svove the orest of

ably with every lerge overfall section which hes b

It ie larger than eny and aporoximetes quile closely to the cross
seotion of the high overfall dam ot Ypdkin Narrows, in Yorth
Carolina.

Unéder secepage will be guarded eguinst by the constrie tion o2
a cut-of? wall, as indicetsed on the contract drawvings, and the '
rosk benecath the cvb-o0f will be drilled and grouted with Port- i

land cemont, as may prove to be necessary vhen the excavations

are mrsde, Tha undisrmining oi the toe of the danm by the over-
flowing weter willl boe prevented by heavy bluestone paving in
the spillwsy channel end Yty consirueting the channcl wall of
emple height and &imension.-

Sloughing ox the earth cmbankments will be prevonted by
neking their slopes sulficiontly flat to iﬁsurc stability. %he
slopes will novhere be less then 2 on 1, flattening tovard the
botton to ebout 2-Z/4 on 1 with 10-foot berms on the inner side
every 40 vertical Teet. The water side will be protected with
8lope paving for the entire height of the dike., On the down~
stream sido the embenlments will have a slope not flatter then
2 oﬁ 1 snd be protected with a heavy coeting of loose stone rip-

xrep. Tho overtopping of the earth embanluernt hes been guarded

-

the spillvay.
Inspection of tho vork during its construction will bo
under the suporvision of the Ingineexr of your Board, and in the

fiold under tho immedinte suporvision of the Department and

Division Znginoors in chargo. - .dn armple force of inspoctors




Board of Vator Cupply. 11/16/17. (

w11l bo maintoined and all materials enterirg into tho construction

will be Ingpected at tho place of munufectura. A1) nogeunaxy tests

of materiads end invesiigations haviag Yo do vwith the various Fea-
tures connoctod vwitk =m wndertalking of ihis nalnre will be nade at

tho leboratory of the Board,

The design of the Gilhoa dam was mszle under my direction by
tho designing division of llealquarters Dopariment. ilessrs, Joun R.
Frecmen and Villiam H. Burr, Consulting ngincers of the Board,
have bacn in e¢lose touch with tho work sod have approved all of
1ts}£eaturcs, as indicated by thoir sigrnatures on tha contract
dravings. Dre Charles P, Borkey, Consuvliing Geologist, has ad~
vised as to 211l of the vaxrilous geologlcel features involved.

Yhe Jocstion of the dam 1s shovm on the contract drawings.
4 mep of the propossd xesexvelr, chowing the flow lines, theo
bulldings, ets., 1s to b Found on tho real estate éections,
vhich show in detail the various parcels of land to be ecguired.
Complete working drawings showing dimensions of all parts o the
atructure, the borings snd other esserntiel Teabures of the work,
ere conteined on the coniract drgwings.

e noarest oxisting post-offico to the site ef the wozxk is

2% CGilboa, fchohavie County, lfow York.

Rospest fully subnmitted,

Attechod: Bluoprint, A R T o |
‘ Aco, 2603, ‘ '

SRR e il e S cnd S il e i, et i e it s il



KEMORANDUII REGARDING DAl #465 LHOHAVK
ON SCHOHARIE CREFK MNFAR GILECA, N. Y,

CITY OF NEW YORR - BOARD OF WATER SUPPLY
: i Applicant,

SERIAL NO, 23¢&,

The papers relating to the construction of this dam seem
to be ag feilowa:

e

, " (1) MNov, 20, 1517, letter transwmitting application
and papers. :

(2) Completed application, dated XNov, 20, 1617,
signed by George Feathersticre, Secreiary.

(3) Persiolio containing fifteen vine prints
(Acc, 8372 to 8393 anclusive),

; W (4) Printed contract specificaticnz and contract
‘ drawings couxrlete, submatied in duplicate
(contxrzct 203).

(5) ©Portfolio of printed real estate taking maps,
i submitted in duplicate.

(6) Report by applicant's engineer, dated MNov, 16,
1917, accompanied by a stress diagram of the
proposed overfall gection - drawing Acc, 8460,

(7 Yov. 27, 1217, supplemental report by applicant's
engineer, accompanied by drawings Acc. 8406 and
8407,

The site of the proposed darm, as descrived in the applicaticn
and indicated oy ithe plans, is on the Scnohzarie creck, in toe town
of Gilboa, Sciionzrie county, N. Y,, at the hramlet known as Gilbeca,
Below such point the stream bed flows in 2 northerly direction and
several nanlete or small villages appear cn the U,S.G.S., sheets
adjacent to its banks. Some houses are alsc indicated as being
within the high water limits of the stream, or on the flat lands
in the vicinity of same, '

The drzinzpge area above the propozsed site, as indicatédd by
the report by the applicant's engineer, is 314 sguare niles, Tae
watershed is mountainous tarougnout the greater portion of its ex-
tent and such report also states that the conditions are favorable
to & very rapid ccncentration of flood walerss s
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YAXIMUM PRGSAELE FLOOD

The maximum probable floecd, as indiczted by records from
streawrs in the vicinity, and by approxirste determinations of
actval floodsg of Schchzrie creek, ranged between 15,000 cubic
feet per second and 78,500 cuvic feet per secord, Tne first
named value is stated in the specifications as veing expected
eacn year, ne last named velue was determined from the report
of the applicant's engineer as to approxixzie data concerning
the discharge of Schoharie creek at Prattsville on Octcter 9,
1903,

The applicant's engineer expreasses taz opinion that the
maxizum flood to te expected is tvio or three times the largest
values avove stated, or possibly 168,000 cvoic feet per second,

He does not, however, take into consideraticn the equalizing effect
of the reservoir, which would be about six riles long and atoutb
1-1/4 miles wide.

)

SPILLING CAPACITY OF THE PECPOSTD STEUCTURE,

C

The plans indicate that a freebozrd of 20 feet is to be
provided between the elevaticn of the spillway crzst and the top
of the adjacent earth embankments. By usirg the vaiue of Z£.864
for the cqefficient "C" in Fraazis' forrula {as recommended in
U.S.0.S. Water Supply Paper 200), it would appear that the pro=-
posed spillway, aoout 1300 feet in lengtin, would discrharse approxi=
mately 168,060 cubic feet per second when overtogped to a depth
of 13-1/4 feet. Wnen overtopped to a depth of 8,2 feet, the dis-

charging capacity would be about 80,000 cudic feet per second, vaien
is equivalent to 255 cubic feet per seccnd gper square mile of drain-
age area. A depth of 10 feet on tke crest wculd cause a discharge
of about 108,5C0 cubic feet per second.

The waste channel below the propcsed dam is to be designed
in accordance with experiments made with an actuzal model, and the
plans suomitied arc, therefore, stated vy the engineer as being
provisionzl in this particular.

EARTH EIBANKIENTS.

The elevation of the top of the earth embankments is
shown as being 20 feet above that of the spillway crest, A
core wall is to be provided and constructed from the rock fourda-
tion to an elevaticn about 3 feet avove tre spillway crest. The
upstream and downstream slopes are to be reasonucly flat and berms
are to bo constructed, as explained in the report by the applicant's

engineer,
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STABILITY OF OVERFALL SECTIOY,

The forces acting ugon a porticn o¢f the overfall section
were investigated in acceordance with the usuzl assumpticns and
also the folloviing:

(1) That ice pressure may be prcperly reglected,

(2) Tnat the intensity of upward static presgvre on
the bagse of the dem may be precrerly assumed as
that due to full head at tne neel and zero at the
toe, such pressurc being exerted upon 50% of the
area of the base ard each horizontal joint,

(3) That the muxirum devth of water on the crest will
not exceed 8,2 fcecet.

(4) That tne weights per cubic fooi of magonry and
water may be properly taxen 2s 145 pounds per
cubic foot and 62-1/2 pounds par cubic foot
regpectively. ;

As thus determined, the point of application of the resgultant
intersected the base of 21l secticons wwix investigacted well witnin the

middle third of same, ard the correspondirg coefficients of friction
to prevent sliding viere very low,

The stability of the overfall secticn vwas also investizaied,
assuming a thrust due to ice pressure of 24,0600 pounds per foot,
acting at the crest ard with the water surface at the saze elevation,
The point of application of the resultani still intersected the Gtase
at a2 point well within the middle third inr all porticns of the dam,
except near the top, If it may be assumed that the structure will
be built monolithic between a point below the top of the higrest
step of the zpron and the elevation oi the crest, and that the ice
thrust would act at a point five feet below such crest (as indicuted
in the report of the applicani's engineer), the point of zpplication
of the resultant of all forces acting upon the top of the dam would
seen to fall within the middle third, allowing for an ice thrust of
10,000 pounds per foot. If the ice thrugt is applied at the crest,
the resultant would still fall within the rmiddle third, allcwing for
an ice pressure of 5000 pounds per foot,

RETALLING WALLS.

The Nov. 27, 1917 supplennznizl report by the applicant's
enzineer explained the design of the critical retaining wall sections
and was accompanied by a siress diagram of saxe, waich appears to ve
satisfactory.

STREAM _CONTROL,

The specitifcations state that a flocd at Gilboz of atout
15,000 cubic feet per gecond may be expected each year, The plans
indlcate that the Schoharie creek is to be conirolled by means of

o S o
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two concrete daxs, through whilch tvic 9~foot steel pipe renstocks
are to be ingerted for passing the water during tne preliminzry
stages of construction, The upper dami will have a height of zbout
20 feet above the streain ded, and, from the dzta 2t hani, it would
seemn tnat a flocd of 15,000 cubic feet per seconrnd mignt overtop

saxe to a depth of about 6 feet, Yneirier the asasonry dam vould

be stable under sucn conditions cannot be ascertained with carctainty
from the small scale drawing of saxe whica appears on the plars.

T ! |
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A smll stream known as the Steen Kill, vhich flows in%o
the Schoharie creek atv the proposed dar site, is to be diverted
into the reservoir immediately above the site proposed for the
vpeper coffer dam, To accompligh this an eartn embankment is to
y be built, which will raise the water surface ¢f the creekx tc an
elevation of about 1067. It wWill then flcw down the hillgide
in a paved channel, Tne XNove 27, 1917 sugrplemental rerort ex-~
plained that the temporary emtankment and diverting channel will
be properly dimensioned and paved as necessiiy reqguires, 4 sketch
(blue vprint Acc. B8403) saowing detzils of such werk, was also sub-
‘mitted.
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CONCLUSTI ONE,

The plans and specificatiocns have oveen carefully prepared
by the applicant's engineers and the accenmpanying reporvs Beef UC
furnish practically 2all the information required by our printed
instructions to agplicants. The stateasents appearing therein have
1 been cnecked with the following exceptions:

AT 97O AL £ A AR RS £ 2 a8

(1) That a fioocd of 168,000 cuoic feet per second
would probably overtop the cdanm to & deptnr of
about 13-1/4 feet rather taan 10-1/2 feet.

(2) The assumptiions stated on blue print Acc. 8400
in connection with the exaplznation of the design
of the overfall section do nct indiczte the per-
centage c¢f the area of the fcundation or nigher
horizontal Joints, which are consldered to vte
exposed to uplift, Tney are also mislezding in p
that the condition descriced is not the critical

- o one (if the effect of the tven feet of water above

q : the crest were neglected and only the corrected

? static pressure z2rd ice thrust were considered,

the moment arm of the resultant of the forces

acting on that portion of tne overfall secticn

above the highest step of the apron, would be

about 16 per cent shorter tnai tefore.)

At b e 8

(3) Referring again to the uppe. block of the overfall é
section, if un ice thrust of 27,000 pounds per foot
were applied, as provided by the assumptions stated
on blue printv Acc., 8400, the point of appliczation of
the resultant would not intersecct the bage &g there
indicaved, unless upward static pressure on guch
bage were neglected, '

- ea

-




From the investigations mzde it does rict geem probable
that any failure of the overfall secticn would occur, unless
the block of rasonry at the crest should ve moved ferward a very
short distance by & great intensity of ice tarust, This, however,
shouléd not cause & menace to life and prcperty, zs the case on wnicn
such biock resss is about 18-1/2 feet wider thzn the block itself,
and, as heretofore stuted, such oloc is stsble against overturning
or sliding from 211l conceivable forceg, except an intensity of ice
thrust exceeding 5000 pounds per foot 4ool;ed at the elevation of
the crest, or 10,000 poundsg per square foot applied at the elevaticn
of 5 feet below the crest, as assumed by the applicant's engingcer

Respectfuily submitted,

200

Jun;or Engineer,

Jwg/C.

To Mr. ¥Frark HE. Kacy,
Agsistant Civil Engineer, -

Decemoer 5, 1917,

(4) (Reference - Computations Acc. X4716 et seq.)
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' Form Na V-0L 10-21-1552) (13-473)

Seriel No................

DIVISION OF FISH AND GAME
LeEwE Lym Lesae, cur
DIVISION OF LAMDS AND FOUESTS
C. H, Pirey, s sevnrensinr
DIVISION OF WATENS
A, H. Poanig, oienss encinegn
DIVISION OF SARATCCA §
3. G, Jonzi, s
SanATA S/

GEORLE D. PRATT,
CUMMISTONER
ALEXANDER MACDONALD,
OEPLTY COMMISIHONER
A. S, HOUSHTON,
GECSETARY
MARSHALL McLEAN, .
PEPULY ATT O n'v ,_\hug - “H,

s

-//‘ i3 ..~._—..: ;

i

Tl L - GONSERVATION COMMISSION
e i it ALBANY

B 3 Pl
APPLI(,-\ FIO\’ I‘ OR CO\\TRUCTION OR RECONSTRUCTION OF A DAM
B

B i ¥

i : ' —Shenr Mok 24 ity

[ B B '
L-lpp‘.ica ion is ‘wrcb)"madc to’ t"‘q Conservation Commission of the 3tate of New York, in compliance with

the p"ou ons of Che Chap LXV of the Consolidated Laws, the Coasssvazion Law, for approval of the detailed

sp :cx":xmtvcrls"'-'\d plans, n;mrkcd......Cg:‘.‘\:r'r::.t O‘i ;303 :',:‘:._si‘*. or..Supply.of.-tha Siiy. of
iewr Yorx, ior the constraziion of the Gilbce Derz, in the tovn of Giltoa,

~Schokasin Souese fow Forle, V9T oo

construction 1
JeConSTHEt o J

complied with in the erection of the said dam, whethet specified hereiz <= not.

herewith submitted for the{ of the dam located 2s staicd below.  All provisions of law will be

& LOCATION AND GMNER Al DT

Site of dam is on. Aovnherip Orapls

a branch of .. Ilohawk Riwar eeumemy Within the

limits of the town of.._GilCo2

“ < - (] - o :
e RGOV 1T Gafeil on

(Give approximate distance from well-knswn b:

he.. .E—Q('CT‘U&:‘LTL.r oS o 27

e, dar, village or mouth of strea=, s. :>as

Purpose of dam....Developrort. af. the Schoharis Taiersheld for. the. va <
..... monlr el the Sity.of Yevi York. ...

(Date) applicant

Joverker 20, 1917, {Siannturcof},___,_ :
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INSTRUCTIONS TO APPLICANTS

Fill out the application in duplicate and send both copics to the Conscrvation Commission, Albany, N. Y.
Ezach application must be accompanied by plans of propozed structure in duplicate consisting of —
(1) Location map (U. S. Geological Survey sheet or other map with location of proposed structure indi-
cated thereon).
(2) Map of proposed reservoir showing flow line, buildings, ete.
(3) Complete working drawings or such drawings of plan, sections and clevations as will make clear the
dimensions of all parts of the structure, its connection to existing structures, if any, nature of
natural foundations, etc., and stress diagrams or other analysis showing the adequacy of the
strength of the structure.
(4) Each map and plan shall have a title showing names of owner and engineer, name of county and
town in which dam is to be located, and nearest postoffice.

Each application must be accompanied by a report by a competent engineer, substantially as follows:
Adequiacy of Spiliway:

Give estimate of maximum flood and describe method. of emmaun" gl o
Give resulting height on spillway crest. :

Natrral Foundation:
General statement of geology of vicinity as affecting the foundation of the dam.
Description and results of subsurface surveys.
escribe fully materials in natural foundation.
{A) Rock—
(a) Mineralogy =
"(b) Stratification -
(c) Seams and other physical characteristics
(d) Thickness of strata
(B) Earth—
(a) Physical composition

to air and water, etc.) :
Stability: e O

Describe type of dem and how destructive forces are met.
Give methods of computation and results as to—

(2) Overturning

(b) Sliding

(c) Under-seepage wisane

(d) Undermining (sufficiency of apron and wash wall)

(e) Sloughing of earth embankments

(f) Overtopping of earth embankments
(Above should be given for each part of dam having dxﬁ'erc-xt section. )

Inspection:
State how inspection of work is to be provided for during construction.

Send sample of sand and of each lot of cement to State Testing Laboratones, Alb'lr'y N Y., usmg shxppmg
tags which will be furnished you.

l\l
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| Sy BOARD OF WATER SUPPLY

CITY OF NEW YORK
YIMMISSIONERS

F. GALVIN ADDHESS ALL COMMUNICATIONS
JOHN MUNICIPAL BUILDING 10 POARD OF WATER SUPPLY
~"*ARLES N. CHADWICK -

J. O'REILLY

BENJ. F. EINDIGLER, SECRETARY

NEW YORK gui1y 10, 1918.
= AV ED

Eon. George D. Pratt, ivi 1y
Conservation Commissioner, ~

Albany, . Y. . e g S
‘ . : k L { W

Dear Sir:

"Acknowledgment is made of your.communicetion
of June 25, inguiring when work Will be commenced on
the Gilboa dem on Schoharie cresk.

Due to the extraordinary éon&itions brought
about by the wvar, this Board has not deemzd 1t advisable
fo advertise the contract for this work, which was
approved by you December 24, 1917. It is practically
certain that this contrazct will not be advertised
bafore this fall, in which case the foundations could
not bve ready for inspection before the middle of 1919.
Then the foundations have been uncoversd =nd vrepared,
you will be duly advised. !

Yours very truly,

BOARD C¥ WATSR SUPPLY.

__—-.._-,. o

Secretury
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ALEXANDER MACOINLO.
DFPUTY CCMMISSINFE

S HOuGMTON,

MARSHALL MTLEAN.
DESLUT: ATTOANEY CensRAL

- = tteLNY LS EC N CIVISION OF FISM AND Tare
CafFvre vy % 5002 .
CIV'S'ON CF LANDS ANEG FOR:ESTS
C.R.FETTIS, Wirdnmen” T
DIVISION CF WATERS

SEIMETANY A H Pseirinys wysc

Lo EES
DIVISION OFf SARATOGA SPRNGS

J G JINES ssme wiTasENT
SAMATOCA §720NGS N ¥

CONS!:RVATION Co.wmsslox

IN REPLYING PLEASE REFER

TO FILE

NUMBER ]
ALBANY See, B, 1917,

¥r. A. H. Perkins, Div. Engr.,
Conservation Commission.
Dear Sir:-
I beg to nand you hnerevitzixr ihe applicatiasn, plans
and accompanying papsers inthe matter cf dan Fags Lon>~c on
+

aaAbs S
Schaohurie Creek near Gilboa, V., Y., togsther wi
by J. W. Henxry, Junior Engineer.

S

1 memorandum

Nr. Hen-y nas piv°n thsss plans a thiorough
examination, and as to nis conclusions, vould say, first,
in rzgard to flood discharge and probzhle deptn on the spillway
crest which he concludes %to be 13-1/4 <. inastead of 10-1/2 ft.
according to thz vreport cf the Chiel Zn:

Anzinzer of the Applicant,
it seems prouvavle that with the esvimaiad flood alsﬂharge the depth
of water on the crest wovld unever exceesi 10-1,/2 7t. dues to the
amount of pondage above the spillwag crast Secwnd and thira,

it s=2ems apparent from an analysis of iz 3tabilit3 of the
spillway szction that vpward water prassurs was only considare
on the novizonial joint at the foundation nis is probvabhly

™
a reasonatle assvnption, as the seciisn of the dam is of mono-
lithic construction, provided that ths work shall be carrisd on

continuovsly.

In regard to the point of intersection of the re-
sultant forces acting upon the uppar block or step of the spillway
section falling without the middle thizd, a330mia4 tne fcrces
acting therecn to be static pressure plus 27000 lbhs, per ft., of
ice pressvre applied at a point 5 ft. from th° c 3»,‘ it appears
probavle that the vertical stabilitrs ¢f this vion was sacri-

ficed in order to secure a proper dissrinu
watexr and breakX the velocit; of the sare a
The shearing stress induced by an ic es
be about 10 1bs, per square inch di v

this vpper vlock.

b
tion o7 the jet of
8 muchh as nosgible
1 aure of 27000 1bvs. would
ritvted over the widtn of

It is respectfully recommo: that the application
be approvad,

Yours very truvly,

FHM/F - ASSISTAN

Settrese all connwnivations to e Consvevetiomn Coommicsitom
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Comm 5SS CNER LLEWELLYN LECIE .=ur
ALEXANDZE MalDsusLd. \l DI/ISION OF LANDS ANO FORESTS
DEPUT Y TCMw S5 TLEY 2 L)

C.R.PETTIS, 5uncd nentenT
A L MousHTONL
3rIegTany

‘{ DIVISION OF WATERS
( B e A H PERRIMG oihscy ene ~ek®
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MARSHALL MTLEAN.

OAPL ™ ATTOANEY TeniIaL

DIVISION OF SARATGIGA 5P 2INSS
J G JONES uuriu sreaTenT

“;. . SARATOGA SPRINGS N Y

/

5

\J\'
CONSERVATION COM MISSION

IN REPLYING PLEASE REFER
TO FILE NUMBER

ALBANY Dec. 10, X617,
B
§ Hon. Geo. D. Pratt, Commissioner,
[ Consexrvatioa Commission.
PRESENXNT:
Desaxr Sir:-
Herewith I hand you plans for dam across
g Schonharie Creek to be erected by the City of New York
: for impounding water in the Schoharie Teszrvoir nsar
Prattsville, N. Y,
The spillway section of the dam is cyclopean
3 masonry fcuaded voon solid rock., A% <he western end an

eartahen diks is to be erected,with concrete core wall,

also founded upon rock throughcut a rsriion of its lengta

and upon thz natural earth through the rest of its lengta.

These plans have been verr carsfully examined
technically in this office, and have t2en found to provide
A '

for ample stability in all parts of tze proposed structure.

L i

I respectfully recommend their approvzl.

?ﬁﬁ< Yovrs.very trvl;,
3 : /. Lo 1

AdP/T DIVISION ENGINEFR.

Milelrvss el corppnesiivetionss o Whe Copserivaalionn Fommiissing




THE CITY OF IMNiiw YORK
ENVIRONMENTAT, PROTECTION ADNINISTRATION
DEPARTMENT Of WATERZ RESOURCES
BUREAU OF WATER SUPPLY
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PROPOSED BORINGS IN GIL3OA DAM
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The Pratisville Alternuale of the Brocakabisn Pumned Storage
Project involves puse Of Lthe Schoharie !

csorvolr, » feature of th
Catskill Hater Supply System 0f the City of New York. This &
rescrvoir of 22,000,000,000 gallons total capacity is Lispounded
by_ the Gilboa bam located on Schoharice Creek, 5.8 miles down-
stream from Prattsville, Schoharie County, New York. The dam

is composed of two parts - an overfall masonry portion about
1,300 feet long with crest at Elevation 1130 fect and having a
maximum height of 182 feet and a width of 158 fecet at the base,
and an earth section at Elevation 1150 feet, with core wall,
about 700 feet long. It was constructed in 1922-1926.

In order to determine whether this 50-year old dam and
reservoir could be used for pumped storage in addition to their
primary water supply function, the condition of the dain must
be determined. Surficial examination must be supplemented by
borings within the masonry and carth portions of the structure
to ascertein whether deterioration or other defects exist that
have not resulted in any suvfacce indications.,  Tho pucplias of
this report is to present the findings of three Independoent
consulting engineers concerning a program of drilling in the
dam .proposed by Uhl, Hall & Rich Division of Chas. T. Main of
New “ork, Inc.

On October 14, 1975, the undersigined visited the offices
of Uhl, Hall & Rich in Prattsville, N.Y., offices of the Power
Authority of the State of New York in Prattsville and at the
Blenheim-Gilboa Pumpced Storage facility, and the Gilboux Dam.
In addition to personnel of these two organizations, the bivisior
Engineer and Section Engineer of the Department of Water Re-
sources of the City of New York were present, A list of
participants in the discuscions is given in Appendix A. The
documents reviewed are listed in Apvendix B. i
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IT. CONCLLEX .. AL BES

To evaluate the feasibility of uuing the Schohar:e Roser-
voir for the proposed Breakabeoen Punzed Storage Froject,
Prattsville alternate, the internal condition of Gilboa

Dam must be ascertained.

Surficial examination ¢ f the dam indicates that it is in
remarkably good condition, considerinz its 50 ycars of
service in a rigorous climate. The s£tonz suriacing in
particular has withstood weathering &nd pllluav flows
with little or no damage. Routine mzintenance is all that
is apparently needed to continue tho dam in scrvice.

The drilling program in the dam consisting of 12 no
proposed in Items 1 and 2 Appendix 3 is ninimal and
essential. Several additional holes and som:2 changes in
location and details are suggested 1if time pormits, These
are di<cussed in Sections IV and V.

The type of progcam pruposca s reasynithle anidl proper £o
the intended purpose. The drilling ¢ vertical holes in
the dam in no way will impair the ability of the structure
+o fulfill its primary function. #oreover the informa-
tion obtained will b2 uscful te the Dooartmene of €
Resources in appraising and movitorir: the condil on ol
this important structure.

.
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The masonry poartion of the dam consists of cyclopoin con-

crete founded on rock for 1300 fcet of the ecast and cenfral por-

tion of the valley joining an carth dam 700 fect longy on the
west end of the valley. The upstrean, cdownstrceam, and crest

surfaces of the concrete dam are faced with random Ashlar masonry

consisting of quarried blucslone or quartzite rock. Virtually
the entire masonry portion of the dam is an overflow scction
the downstream portion-of which consists of large steps from
7 to 20 feet in tread and rise. Vertical contraction joints
are spaced about 75 feet along the length of the concrete dam.
Examination of the crest of the dam and upstream and down-
stream slopes reveals that there is very little cvidence of
deterioration of the stone facing; in facl, the alinement and
surface of the masonry is rcmarkably good after 50 years of
operation. Aside from a fow cracked and eroded stonces the only
noticeable damage is the erosion of the reinforced concre
deflectors downstream from the crest of the overflow scc
These deflectors 4o not appoear o boe necessary Lor satis
operation of the spillway, hence this erosion is not a s
cant defect.

+
T
a
a

Visual examination of the earth dam revealed thalt the oroot
and upstream and downstream slopes arc in good condition,
Two minor depressions in the upstream slops were the only in-
dicated deviations from uniform conditions, except for what
appeared to be an old xepair of a slumpad portion of the up-
stream riprap in the wraparound portion of the fill opposite
the west end of the concrete dam. Since the latter dem is
believed to be founded on rock and the earth dam found«sd on an
impervious till, it is likely that some differential settle-
ment had occurred in the past which was repaired by replacing
riprap and using ccncrete to ©£ill in the o7fcet. Phere is
no present indication of secpage through the dam or foundation
(reservoir elevation was 1096.5 feelt) and we were informed that
none is present with the resexrveir full.




The gate chambicr ©f the low level prtlet woris: In Lihe non-

overflow section of the concrete dum 4o Lhe west ©fF the snill- 5
wvay wias inspected usning the stalrway ivim the crest of the

dam. These outlets are used only rfor drawdown of the r
voir for inspection and repair, since nd cownstroean releases
are i:ade. Two 30-inch diameter pips cacn with guoard and
operating vaelves and by-pass pipe and valvasare eguivped with
hydraulic operatinyg mechanisms. The concrete in the stairway
was in good condition, free of noticeable cracks. The walls cf

M

the superstructure on the crest of the dam had soia diagonal
tension cracks indicative of differential settlemont. .




V. Dl

Eight drill holes arce propo.ad in tha masomry dam as in-
dicated on drawing number 1987-092-Dit4, Rev. O,Itcm 2, Appondix
B. Four of these are located necar the conter of the crest
of the dam, two on stcp #4, one on step #6 and one on the
spillway apron. 'The purpose of thesec berings is to evaluate
the internal condition of the dam.

As an initial investigation this program is satisfactory.
If time permits, however, three additional holes along the
crest of the dam would provide information for a more compre-
hensive evaluation of the dam's condition. Also by drilling
the holes alonyg the crest at a distance of approximateiy £ive
feet from the upstream face, a better appraisal can be made
of possible deterioration of the material in the dam.

To check for cracking in the interior of the dam, water
loss measurements and/or pressure tests should be conducted
during the drilling process. The core extracted from the holes
should also be carefully examined for any intication of separa-
tion alonyg lift lines or other dol

SePe s L aa SOaCrCEE.

~m

"If indications of cracking or seepage are detected, piezonmncters
shot™d be installed to monitor the internal pressures in the
dam. Additional holes may be regquired to deiermine the extent
of such cracking.

The proposed drilling program and suggested modifications
are minimal for a reasonable evaluation of tne physical con-
dition of the masonry dam, and would not in any way damagc
or impair the use and safety of the structure. It would,
however, give the owners assurance of the continued availability
and safety of the dam, and the piczometers installed would
provide a means for monitoring the performance of the structure
in the future.

B s
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The proposed drilling program (Itom 2 of Appoendis B) in- -,
“-

cludes 4 NX core holes G0 9, 1w, 11, apd 12

£ill. These are to extend S fect into the surface of the rock
under the buried channel foundation and arc to be casad through
soil. Core samples for identification ang,

obtained.

within the earth

7S

Lvstin; will be

No problens arising from this program are ccntemplated since
.all holes are vertical, cased within the embankment, and can
be drilled even while the spillway is opcrating. To obtain
maximum information with these 4 holes it is suggested that GD12
be relocated to the same statior as GD10 and be drilled vertically
from tne upper downstream berm. Likewise GD3 should be relocated
to the same station as GD10 and drilled vertically on the crest
about 5 feet from the upstream edge. If thes2 holes are provided
with piezometers, a phreatic surface of se¢ ewugc can be obtained
and monitored. Also the effecltiveness of the core wall as as
impervious barrier can be ecvaluated.

Respectfully submitted .

__//—?/,Z’A(/ /// r\// .

Merlin D. Copcn, P. b.
" o
N a-aé;/t4)' /(t‘zf/’
T2l . Hilf, Ph.D 5 PLE.
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Philip C. gftledge, Sc.D., PlE.
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EPPENDIY A — PARTICIPACs XN DISCISSI0NNS

CONSULTANTS

Merlin D. Ccpen
Jack W. Hilf

Philip C. Rutledge

DEPARTMENT OF WATER RESOURCES.

CITY OF NEW YORK

Gerald Mestyanick, Section Engincer

Lyle Proper, Division Engineer

POWER AUTHORITY OF THE STATE OF NEW YORK

UHL,

Robert Burtch
William Hynes

Arnold Talgo

HALL & RICH

R.E.

J.J.

Y

R.V.

Burnett
Benziger, Geologist

Conway, Project Engincer

Michael Hamar, Field Geologist

Sausa, Project Manager-Ficld




" APPENDIX B - L1887 OF DICUGMENTS REVIERELD

1. Breakabeen Pumped Storage Project, Prattsville Alternate,
Scope of Enginecering Investigation. Uhl, Hall & Rich
of Chas. T. Main of New York, Inc.

2. Drawinyg 1987-092-DiI4, Rev. O
Breakabeen Pumped Storage Project, Prattsville Alternate -
Boring Location - Plan & Seclions.

3. TRANSACTIONS ASCE - Paper No. 1503 Enjineering Geology
of the Catskill Water Supply by Charles P. Berkey and

James F. Sanborn, presented at the mzeting of October
4, 1922.
§
- 10 -




Breakabaan Pumped Storengs Proeos
Frattsville Alternote

q"up»" of 1.'{‘C§ili(‘£‘l'i.'l'.,' Invregtieation

Gilboa Dam and the Schoharie Reservoir were co:mpleted in 1224 as e part

of the upstate reservoir system which supplics the City of New York with

drinking water through the Catskill Aquaduct. It was built privarily as a
: g ¥

stream flovs regulator for diverting ovno‘lcnc Creek to the Agueduct system.

The established Schoharic Ruservoir used in combination with a pumped
storage project will require investigation of foundations in th2 arca of
the proposed structures - the existing Gilboz Dam, preparation of cross-
sections of the stream, upstream of the reservair to determire backwater
conditions, and veriiication of the existin g reservoir storage capacity.
For performing this vork parniission from WRD must be obtahed to allozn:
access to their property.

" Foundation investigations will require a drilling program which will con-
sist of two phases. The first, a subsurface exzloration in the vicinity

of the proposed powerplant and tailrace, will entail soil sampling and
obtaining cores from the underlying rock to depths shown approximately
on the accompanying drawings. The second phase will require a serics of
borings in the existing concrete of the masonry dam and the areas at the

earth dam, in the areas of the proposed gate controlled disch arge spillway,

Drilling procedures in both phases will require that drilling fluids be re-
cycled thmugh an enclosed system of tanks which will caoliect shudge and
tailings from the drilling operation. The drill water and sludge will be
hauled away from the rescrvoir arca to disposal, Other procodures of dril-
ling and sampling will be conducted in a normal 1(:.1 under spocial per-
mit from the WD, Specifications for the werk will include provision &

restoration of the site to, as necarly as possible, its existing condiition,




. throughout the total height of the dam and some distance

to the satisfiaction af tha \WED

Surfecial exvrination of the 50 vear olid struci o fovne
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good condition, howaver, several areas warrarns further investigation to

B

gurrantee its integrity (or the life of the proposed project. Sampling of
the existing construction materials in the Cilboa Dam will be done to

determine its present physical condition, The nitia) pregram calls for

SEES

approximately seven NX type cores in the mascuy dam. The holes will bo

lacated. in the crest and/or in the downstream epillway erca. If evidence
7

of extensive deterioraticn is discovered, additional cores ma be drilled

to confirm the extent and severity, The NX typ2 ceres would bie taken

.

e into thC‘ u*.'[O"
on which the dem is founded.

For the testing phase o[ this progrem, one or more six inch diameter coies,

approximately fiftean feet in length will be taken in ln-ations soleotad

after inspection of the WX cores. Following completion of the irillinyg pro-

gram, the core holes will be filled with concrets to the surfaces from which

they were drilled.

Approximately four holes will be drilled in the existing earth emban)ment

dam and water cut-off wall aree and core samples will be taken., The

o

accompanying drawings show the locations of thase holes.

Tests to be performed on the concrete samples obhtained f*()n the cores,

will include determination of unit weight, COmp 0SSV sh‘(-n Gk, St

ear
values, and Young's modulus. In addition petrcgraphic examination of

representative sections will be made to examine porasity and cementstion

of construction materials. Copies of the laborsiory reaulls wii

he

furnished to the WRD for their records.,

G sias O o




Scveral Incations for the propone
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vestigated, One of them being at presoent carthaW der, DUt this lozation
was abandoned because of the uncertainty of he locetion of the rock ?
surface in this area and extensive chanyes prosased in the earth dom, i

v —
’

reteining wall, and slopes of the 124t hank, The best loration for the

controlled zpillway appears to be som in the middln of ine
1324 foot long spillway. This location would give moderzte drap arnd

. lovs wsater velccities and cofferdaming the construction area would he 7
som2what less difficult. [t will require a new 5-N spillway tailrace
channel to be excavated to discharge into the existing naturael :,:i:xu:m:l.
More stringent desiun conditions are presently ng imposed by the
Federal Power Commicsion and othor agencies risponsiisle for the safety

of dam str ctures. We propose to investigate saveral condition

n
(o]
N

Joading for both the structuee ag § exisis ang & 30 with o oo sadd
controlled spillwvay. Basic design conditions will include: uplift varving
from full headwater to tailwater over Y007 of i« basa, - ice 163(_13, ,
earthquake, and the effects of the mexianm proiable flood (e (ke extont ]
that Blenheim-Gilboa can discharge. Cases i be investigated are listed
below:

Case I Normal Operating Levels

HWL EIl. 1130.0°

TWL El..983.0°
Uplift Included

.7 MUY AT Pt

A ¥

Case II Normal Opzrating Level wit
HWL El. 1130.0' A §
Ice S5k/LF El. 1139.%° : ]
TWlL El. 983.0' 8
Uplift Included :

-
ot
(=
=
(9]
0

Case III Horizental i Loceleration 0.05g
under \cvr'rwl L"'-t?"‘ ':zz_: Loevels
Water J.evels same as Case |
Uplift Included




7 i R W 1 S
TWEL toba entaibicied
Uplift Included

Examination of the downstreem {eae of the existing dam w:

shovss no mzjor defects such as cracking, o3 258iva apé;

e

traction joints, extensive spelling or notewerthy leas
pitting of the horizcntal planes of the spillway steps,

deep as 3 f{ect, which however ceuld easily Lo repaired

visible seepage, the origin of which could 1ot bz establishad

time. Two existing drains in step No. 2 wer2 running
of which was suspected to be {rom the hillsiiz

itely established. From this aspact and the

I'-

old, we suggest that after all coring has be

that two independent authorities acceptable o the WRD Lo vngaged

cevaluate the structure a3 such

PASINY's exponse, to

by Uhl, Hall & Rich to test the stability and safety of

e

We propose for your considaration the following exper

Dr. Philip Rutledge < Jack V2, EilE

Profile sections of the reservoir bottom to cdziermine ihe

that has occured during the past fifty years are necessan

. Tnere was some

evailable reservoir capacity and to form a basis for prediction of future

siltation problems. A survey utilizing the zo called "Sp2

techniques has been done for this phase of tho investic
the reservoir bottom was obtained using 2n instrument

powered boat propelled at a constant speed. The cralt

;1&)\_‘]‘

! mounta

uEeS

in size to those presently allowed on thie Schoharie Resorveis

purposes.
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To predict water levels upstream Tt moirplt moe i i

fraom noesizle rats]

troce
8 &

of the existing dam, crnss-sections of Schohurie Creek upstreamr b e

resorvoir will be essential for bachwater calcuiztions., Tais work will

W

be done by ground survey crews. It is expected that this inve

will extend from Devasego Falls to Batavia ill.

Uhl, I1all & Rich Divisicr OFf
Chas. T. Main of Kew Yorxz,., Inc.

October 13, 1975
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DEPARTMENT OF WATER RESOURCES

s

Bureau of Water Supply

MEMORANDUM
2: Abrchum Groopmon, P.E,
Assistunt Commissioner ond Chief Enginser
20M: George Mekenian, P.E,
Deputy Chiasf Enginser (Watersheds)
{ ATE: December 18, 1975
Improvaments to Water Supply Facilities

SUBJECT:

..‘t.)‘

Schohorie Reservoir - Prattsville Pumped 5Storage
Power Project i
* * »* * *

* ] *

The staff of the Power Authority of the State of New York (PASNY) is
continuing their studies on the feasibility of developing the Pratts-
villo Pumped Storage Powsr Project which proposes to use ths Scho-
harie Reservoir for a lower pool. As you know, this has bsen proposaed
in a supplement to their application to the Fedsral Power Commission
as un alternative to the PASNY proposed Breokabeen Project.

As we have discussed, if PASNY und ths City go ahead with the Pratts-
ville Project, part of the compensation for the use of Schoharie
Reservoir in this project should bs the renovated, rehsbilitated and
updcted by PASNY of the facilities of the Schohorie Reservoir cnd
watershed.

Therefore, for your consideration, there is listed below an outlins
of the various projects conceived of by the wotersheds staff.

A, Gilboa Dam, Blowoff, Spillway ond Waste Chaonnel

Since the PASNY staff ond consultonts envision signiticont

changes at this site, let if suffice to require thaot there

be a

1. Complete rehcbilitation of masonry spillwuy, eorthen

b dike and waste channel in conjunction with proposed
alterations,

2. Complete rehcbilitation of blow-off system and chumbar,
to include new valves, electric operators, ccntirols and
flow meters,

B. Rehabilitation of Shandaken Tunnel Intake by
1. Replacement of volves and valve operating system,
2. Rehabilitation of the venturi - flow measuring system.

>~
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Engineer Iraprovements to wWater Supply Foecailities

Schohorie Reszervoilr

installation of o system to tup the reservair ot
salactive levels,

Reolacemant of the trash racks und trosh removal crune
with improved design.

Removal of si1lt from intake chaonnel and instuliation o
system for keeping chonnel clear of silt.

Instullation of a boom or other device to prevant 1lirgs
logs and trees from entering intake channel.

C. Improvement of Schoharie Reservoir by

1’

2-

3.

Breaching or removing the log crib dam built during the
construction of the reservoir in the 1920's.

Sluicing or dredging the silt daposits on the reservoir
bottom, aobove the elevation of the intcke channeal floor,
into the unavailuble water pool.

Developing access roadways to various points uround
reservoir,

C. Additioncl Improvemsants to Shandoken Tunnel Intaxe Structure by

-
Ve

2.

3'

Rehabilitcting or modernizing plumbing, hecting cng
electrical systems,

Paving access froad,

Rehubilituting roof, walls, etc,

E. Replacement of the Prattsville Section office, guarags stcaff and

shop facility, possibly at tha powsr plont complex.

F. Development and maintenance of an erosion control program on the

watershaed

G. Complete takeovar of tha Schohorie Reservoir with tha City to

retain exclusive water supply rightis.

The objective here is to relieve the City of its tox obtligation
on the dam and the water supply lands,

As you can ses these items are in opproximate order of acceptability
to the Deportment and to PASNY. Certainly the first and second ore

-
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i . s Groopman, PLE. Oncanher 18, 167 i
| . wsistent Commissioner : ?
~27 Thief tngineer Imorovements to weter Supply Focilities :

Schoharie Reservolr

r——r

mancutery, the third is considered importaent and the 1ase twe, ~rils
3

beole, sheuld b2 given some thought, 3

These improvements should tceke precedence over uny puyments for use
of tha reservoir,

George Mekenian, P.L,

Doputy Chief Engineer .

Wotersheds ;

v GM: Lo :
cc: Groopman a

Schggperb// :

Mekenion *

Proper (2)
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Lowest Denth of Frost
I mtmu--n in City

Nume of State Stre «'l'&. in_ Feet, l'u'm s

or Province the Lust 25 Yeurs, Eild-
and City in Macch, 1924,
Washiazton.
Spokane . 544 ft.
Everett .. 1% ft
Seattic
West Virginia.
Wellsburz
Whaeeling cecoee... e 3 fe.
Clarksburg ... 3 fe.
field 2% ft.
Parkecsbucg
Charleston
New Martinsville
Wisconsin.
DIBAISOM oomssesrasassmemmssssenmrsemennser 6% ft.

Fon du Lac
Milwaukee
Kenosha
Cheyenne, Wyo.

Woiik= July

Prepri to Whict

Muins and 8

icos ure Now (1926)

Luid in City Streets, in foet
41, . cover.
23 '_. ft. cover.
Mains $ It services 2 fr.
4% fr. ecover.
3 f:. cover.
4 fr. cover. £
4 fi. cyver for mains; services 2% ft. cover.
3 to 6 It cover. o

6 fr. cover.

Mains 6 1o 7 ft. cover; services 5% to 614 ft. cover.
€ tt. cyver.

5% ft. cover.

5 ft. cover.

Water Cushion at Gilboa Dam

In order to form a permanent pool and
water cushion down-stream from the highest
portion of the overfall section of the main
dam of the Gilboa Dam of the Schoharie

Schoharie creek. The lenzth of the dam is
176 Iz, its height approximately 7 ft. and its
section trapazoidal, with a vertical up-stream
face, 2 top width of § ft. and a bottom width
of about 11% ft. The dam is constructed
on the surface of the rock ledge of the creek

T «mem ,n e
o2

PRCOL ¥
PN

» .
| Seseln .l a,

View Tauken in 1925 of the Down-Stream Face of the Gilboa Dam.
The Foreground Is the Small Curved Da
Creek Bed Was in Progress

At Extreme Right.

Development of the Board of Water Supply
of New York City, 2 small cyclopean masonry
dam has been constructed at a point about
500 ft. north of the dam line. This small dam
is curved in plan, with a radius of 240 ft., and
is anchored into the abutments of the old Tri-
Countly Light & Power Co. dam across the

46

Northerly End of Down-Stream Wing—Wall Is
in Course of Construction. Behind It Paving of

bottom, to which it is anchored at 5-foot inter-
\11; by 1l-in. square steel rods 6 ft. in length
which are grouted into holes drilled to a depth
of 2 it into the rock. Contraction-joints were
formed at 20-ft. intervals and are similar in
type to thoze of the main dam, mcludmg
tho copper cut-off strips.
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APPENDIX E
CONSTRUCTION DRAWINGS




City of New York
BOARD OF WATER SUPPLY

(;GILBOA [)AM
APPURTENANT WORKS

IN THE
TowN OF GILBOA, SCHOHARIE COUNTY,

‘NEw Yorxk
OCTOBER 25,1917

Contract drawings for Contract 203 consist of
this sheet and [4others,all listed below

Sheet| Accession [Sheet| Accession '

Page| 25711 9 2602 l
2 26018 0 25705

3 25174 It 26019

) 25385 12 26020

5 25384 I3 25709

3

7

8

26023 7 25713 |
25707 5 25712
26022 -

}Consulting Engineers

....... de Chief Engineer

ro. BWS 1456 File 72.46 Acc 25711




Asst Eng  BS 1457

CONTAACT 203 SHEET 2
SHEETS IN SET, 15
./",'/
R
;\L’Bﬁ.r-——g"ﬁ
GREEN
(>
3
<
El 1400
C
)‘ee4
WINDHAM £1.1520 GAIRQ
11770
\/
; ==z uaog//“’\
o) X y
< q
Q'f/ e .
: £1130
& y Haron
V/‘/ S ; \\\ Y
~ My S
o £1.2360 S
s Ezf?k\\“\t_fﬂsf&rm
. 1 ,j;\tfb[.'ﬁdo H INES FALLS EL3D!
/ Sk N FLi90g - d
. 20 Notch - ,
~ =F ELi70
o s TanneRsvIlE e
= PALENVILLE :
ELEBHsANN 7 Ségso /K N\
& b1 £1200 / ;
s = ( 3 ]
W N ¢
/ W PINE HILL \ o o QY QO =D !
: WDAKENIEIOONE !
\ R fo—LREENE Jro / 350
8 #ELISD TER /766 ~—b~
i ; AUGERT,
\‘ ¥\le PHOENICIA EL3 s W~
AN ( 8 /48 ’
{3- { / ; .
§ WOODSTOCK
mrrleasaNT\(( £-700
COLUBROUK GLEN§ORD
® BOICEVILLE WEST RURLEY
ASHOKAN _ <7 JOIR .
ARTHONAN 2775 ¢ B STONY HOLL
O Q
N &O a <
For comslete topography in vicirity of the LAN
Gilboa «am and Schoharie reservoir - S
J./"‘ corsult the 5:/00a and Hobart quadrang'es 7% :‘.ﬂj
of tre U S CeologalSurvey. Seas! INGSTON,
5o s ‘ / o
Nl q
W N
N\‘ City of New York BLETQWN
-~ BOARD OF WATER SUPPLY
LOCALITY MAP
Traced 5.0 3 [ AP _IMi GEO G HONNESS
Che-wad C@73 (S W Dept Ehg Res
W.L FSfAﬁl.f OCTOBER 25, 1917
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