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WATER-RESOURCES INVESTIGATIONS OF THE 

U.S. GEOLOGICAL SURVEY IN WYOMING, 

OCTOBER 1976 TO SEPTEMBER 1977

INTRODUCTION

The U.S. Geological Survey, in cooperation with the State of Wyoming, 
Teton County, the cities of Cheyenne and Riverton, and other Federal 
agencies, have five data-collection activities and 18 water-resources 
appraisal projects under way in Wyoming during fiscal year 1977 (October 
1, 1976, through September 30, 1977).

The data-collection activities include: (1) Continuous records of 
streamflow and reservoir storage; (2) peak-flow information at partial- 
record sites; (3) sampling and chemical analyses of water from streams 
and wells; (4) sampling and sediment analysis of surface water; and 
(5) measurements of water levels in wells. This report contains lists 
of monitoring sites for these five data-collection activities.

The water-resources appraisal projects include: (1) Flood investi­ 
gations in Wyoming; (2) Flood-hazard information, House Document 465; 
(3) Water resources of Weston County, Wyoming; (4) Monitoring waste-water 
effluent in Yellowstone and Grand Teton National Parks, Wyoming; 
(5) Water and its relation to economic development in the Green River 
and Great Divide basins in Wyoming; (6) Impacts of economic development 
and water use on water resources in the Hanna basin in Wyoming; 
(7) Water resources of the Powder River structural basin in Wyoming in 
relation to energy development; (8) Hydrology of Paleozoic rocks in the 
Powder River basin and adjacent areas, northeastern Wyoming; (9) Evaluation 
of selected Paleozoic and flood-plain aquifers in the Bighorn basin, 
north-central Wyoming; (10) Algal-growth potential of principal North 
Platte River reservoirs in Wyoming; (11) Preliminary digital model of the 
Arikaree aquifer in the Sweetwater River basin, central Wyoming; 
(12) Quantitative study of the Tertiary aquifers in southern Laramie 
County, Wyoming; (13) Availability of ground water from the Cretaceous 
and Tertiary aquifers of the Fort Union Coal Region; (14) Runoff and 
sediment yield from rainfall simulation; (15) Geochemical survey of 
waters of the western coal regions; (16) Reconnaissance techniques for 
evaluating the rehabilitation potential of energy lands; (17) Sorption 
of residual organic substances in retort waters by spent oil- shale 
residues; and (18) Hydrology of the Madison aquifer.



The purpose of this report is to describe the water-resources vork 
being done in Wyoming, especially in the coal and oil-shale development 
areas. It is one phase of an effort to coordinate the water-resources 
investigations of the U.S. Geological Survey with those of other 
organizations. Additional information about the water-resources program 
of the Geological Survey or closer coordination of the water-resources 
studies may be obtained by contacting the District Chief, Water 
Resources Division, U.S. Geological Survey, 4020 House Avenue, P.O. Box 
2087, Cheyenne, Wyoming 82001. The commercial telephone number is 
307-778-2220, extension 2111, and the FTS number is 328-2111.

DATA-COLLECTION ACTIVITIES

Basic data currently being collected are shown as follows: TaMe 1, 
Streamflow and reservoir stations; table 2, peak-flow partial-record 
stations; table 3, chemical-quality stations; table 4, sediment stations; 
and table 5, observation wells.

Stations in the first four tables are listed in downstream order. 
Identification numbers have been assigned to conform with the standard 
downstream order for listing stations within each hydrologic region. 
The location of each data site is given in the tables.

Observation wells are listed in numerical order by counties. The 
well-numbering procedure used is based on the U.S. Land Grant Syster. 
The first segment of the number is the township (north); the second number 
segment is the range (west); the third number segment is the section, 
which is followed by a first letter designating the quarter section, a 
second letter, if shown, designating the quarter-quarter section, etc., 
(A-NE%, B-NW%, C-SW%, D-SE%). Well 30-108-05BCD2, for example, is in 
the SE% of the SW% of the NW% of sec. 5, T.30 N., R.108 W. The number 
2 indicates a second well in the quarter-quarter-quarter section. Pells 
shown in Fremont County have an additional uppercase letter that begins 
the number. This letter designates the quadrant of the Wind River 
Meridian and Base Line System. The quadrants are lettered A, B, C, and 
D in a counter-clockwise direction beginning with A in the northeast 
quadrant.

The headings of the columns in the five tables are slightly 
different to accomodate the type of site in each list. In order to 
include the variety of information required by the many users of the 
lists, abbreviations and codes were used to conserve space in the tables. 
Explanations of the abbreviations and codes are given preceeding each 
table.

The locations of surface-water data sites are shown in figures 
1-5. Observation well locations are shown in figures 6-9.
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Figure 5. Location of surface-water data sites in the 
Snake River basin.



Explanation of abbreviations and codes used in table 1.

Purpose: B, bench-mark or long-term-trend station
C, current-purpose station such as accounting, operation,

forecasting, disposal, water quality, compact or legal,
research or special study 

H, hydrologic station 
P, principal-stream station 
R, regulated station

Period of Record:

Gage Equipment:

: The dates given are the calendar years in which records 
began or ended. Breaks of less than a year are not 
shown.

D, digital recorder
G, graphic recorder
M, manometer gage
0, observer record only
T, pressure-transducer gage
W, well gage

Current Record Type: S, seasonal operation (no winter records) 
Y, full-year operation

Field Office: C, Casper R,
CF, Cheyenne Field Unit S,
GR, Green River SD,
I, Idaho District W,
M, Montana District U,

Riverton
Wyoming State Engineer
South Dakota District
Worland
Utah District

Cooperator: BLM, Bureau of Land Management
BRUC, Bureau of Reclamation, Upper Colorado Region
BRUM, Bureau of Reclamation, Upper Missouri Region

CE, Corps of Engineers
DEPD, Wyoming Department of Economic Planning and Development
MRB, Missouri River basin project
USE, Utah State Engineer

USGS, Geological Survey Federal Program
WSE, Wyoming State Engineer



T
a
b
l
e
 
1.
 

S
t
r
e
a
m
f
l
o
w
 
a
n
d
 
r
e
s
e
r
v
o
i
r
 
s
t
a
t
i
o
n
s

S
T
A
T
I
O
N
 

N
U
M
B
E
R

S
T
A
T
I
O
N
 

N
A
M
E

Y
E
L
L
O
W
S
T
O
N
E
 
R
I
V
E
R
 
B
A
S
I
N

0
6
1
8
6
0
0
0

0
6
1
8
6
5
0
0

 
#
0
6
2
0
7
5
0
7

 
#
0
6
3
0
7
5
1
0

 
0
6
2
1
8
5
0
0

 
#
0
6
3
3
0
5
0
0

0
6
3
3
1
4
0
0

 
0
6
2
2
2
7
0
0

 
0
6
2
3
4
0
0
0

0
6
3
3
4
5
0
0

0
6
2
2
S
O
O
O

#
0
6
2
3
5
5
0
0

0
6
2
2
6
0
0
0

0
6
3
3
7
6
0
0

 
0
6
3
3
8
0
0
0

 
0
6
2
2
8
3
5
0

0
6
2
3
3
0
0
0

 
0
6
2
3
S
5
0
0

 
0
6
2
5
3
0
0
0

 
#
0
6
2
5
6
9
0
0

0
6
2
5
8
0
0
0

0
6
2
5
8
9
0
0

 
0
6
2
5
9
0
0
0

 
0
6
2
6
0
0
0
0

0
6
2
6
0
3
0
0

 
0
6
2
6
0
4
0
0

0
6
2
6
5
8
0
0

0
6
2
6
7
4
0
0

'
#
0
6
2
7
0
0
0
0

0
6
2
7
4
8
1
0

0
6
2
7
S
O
O
O

0
6
2
7
6
5
0
0

0
6
2
7
8
3
0
0

0
6
2
7
8
5
0
0

 
#
0
6
2
7
9
5
0
0

0
6
2
8
0
3
0
0

0
6
2
8
1
0
0
0

Y
E
L
L
O
W
S
T
O
N
E
 
LA
KE
 
AT
 
B
R
I
D
G
E
 
BA
Yt
 
Y
N
P

Y
E
L
L
O
W
S
T
O
N
E
 
R 

AT
 
Y
E
L
L
O
W
S
T
O
N
E
 
L
A
K
E
 
O
U
T
L
E
T
,
 
YN

P

BI
G 

SA
ND

 
C
O
U
L
E
E
 
AB
 
S
T
A
T
b
 
DI
TC
H,
 
NR
 
B
A
D
G
E
R
 
B
A
S
I
N

BI
G 

SA
ND

 
C
O
U
L
E
E
 
AT
 
W
Y
O
M
I
N
G
-
M
O
N
T
A
N
A
 
S
T
A
T
E
 
LI
NE

WI
ND
 
R
I
V
E
R
 
N
E
A
R
 
O
U
B
O
I
S

EA
ST
 
FO

RK
 
W
I
N
D
 
R
I
V
E
R
 
NE
AR
 
D
U
B
O
I
S

U
I
N
W
O
O
U
Y
 
C
R
E
E
K
 
A
B
O
V
E
 
LA
KE
S,
 
N
E
A
R
 
BU
RR
 I
S

CR
OW
 
C
R
E
E
K
 
NE
AR
 
T
I
P
P
E
R
A
R
Y

BU
LL
 
LA

KE
 
C
R
E
E
K
 
A
B
O
V
E
 
BU

LL
 
LA
KE

BU
LL
 
LA
KE
 
N
E
A
R
 
L
E
N
O
R
E

BU
LL
 
LA
KE
 
C
R
E
E
K
 
N
E
A
R
 
L
E
N
O
R
E

WI
ND

 
R
I
V
E
R
 
NE
AR
 
C
R
D
W
H
b
A
R
T

W
Y
O
M
I
N
G
 
C
A
N
A
L
 
N
E
A
R
 
L
E
N
O
R
E

WI
ND

 
R
I
V
E
R
 
N
E
A
R
 
K
I
N
N
E
A
R

WI
ND
 
R
I
V
E
R
 
AT

 
R
I
V
E
R
T
O
N

SF
 
L
I
T
T
L
E
 
WI

ND
 
R 

AB
 
W
A
S
H
A
K
I
E
 
RE
 
NR
 
FT
 
W
A
S
H
A
K
I
E

L
I
T
T
L
E
 
P
O
P
O
 
AG

IE
 
R
I
V
E
R
 
N
E
A
R
 
L
A
N
D
E
R

L
I
T
T
L
E
 
WI

ND
 
R
I
V
E
R
 
NE
AR
 
R
I
V
E
R
T
O
N

F
I
V
E
M
I
L
E
 
C
R
E
E
K
 
N
E
A
R
 
S
H
O
S
H
O
N
I

DR
Y 

C
R
E
E
K
 
N
E
A
R
 
B
O
N
M
E
V
I
L
L
E

MU
DD
Y 

C
R
E
E
K
 
N
E
A
R
 
S
H
O
S
H
O
N
I

B
O
Y
S
E
N
 
R
E
S
E
R
V
O
I
R

WI
ND
 
R
I
V
E
R
 
B
E
L
O
W
 
B
D
Y
S
b
N
 
R
E
S
E
R
V
O
I
R

S
O
U
T
H
 
FO

RK
 
OW
L 

C
R
E
E
K
 
NE
AR
 
A
N
C
H
O
R

AN
CH
OR
 
R
E
S
E
R
V
O
I
R

S
O
U
T
H
 
FO

RK
 
O
W
L
 
C
R
E
E
K
 
B
E
L
O
W
 
A
N
C
H
O
R
 
R
E
S
E
R
V
O
I
R

G
O
O
S
E
B
E
R
R
Y
 
C
R
E
E
K
 
AT

 
D
I
C
K
I
E

EA
ST
 
FO
RK
 
N
O
W
A
T
E
R
 
C
R
E
b
K
 
N
b
A
R
 
C
O
L
T
E
R

N
O
W
O
O
O
 
R
I
V
E
K
 
N
E
A
R
 
TE

N 
S
L
E
E
P

WO
OD
 
R
I
V
E
R
 
AT

 
K
I
R
W
I
N

WO
OD
 
K
I
V
E
R
 
AT

 
S
U
N
S
H
l
N
b

G
R
E
Y
B
U
L
L
 
R
I
V
E
R
 
AT

 
M
E
E
T
E
b
T
S
E

SH
EL
L 

C
R
E
E
K
 
AB
OV
E 

S
H
E
L
L
 
R
E
S
E
R
V
O
I
R

S
H
E
L
L
 
C
H
E
E
K
 
N
E
A
R
 
S
H
E
L
L

B
I
G
H
O
R
N
 
R
I
V
E
R
 
AT

 
KA
NE

S
O
U
T
H
 
FO

RK
 
S
H
O
S
H
O
N
E
 
R
I
V
E
R
 
Nt
AR
 
VA
LL
EY

S
D
U
T
H
 
FO
RK
 
S
H
O
S
H
O
N
E
 
R
I
V
E
R
 
AB

OV
E 

B
U
F
F
A
L
O
 
B
I
L
L
 
RE

S

PU
R­

 
P
O
S
E

P P CR CR C C H H H C C CP CR CR CR H C CR C C
H

C C CR CH C C H H P CH CH CP B
C
H

C
H

CR BH P

D
R
A
I
N
A
G
E
 

A
R
E
A

10
06

10
06 9
8
.
3

13
4

2
3
2

42
7 88
.2

3
0
.
2

18
7

21
0

21
3

18
91
-

2
1
9
4

2
3
0
9

12
5

19
04

41
8

 
5
2
.
6

33
2

77
00

77
01 85

.5

13
1

13
1 95
.0

14
9

80
3 11
.4

19
4

68
1 23
.1

14
5

15
76

5
29

7
58
5

P
E
R
I
O
D
 

O
F
 

R
E
C
O
R
D

19
21
-

19
22

-2
5,

19
26

-
19
73
-

19
73
-

19
45

-
19

50
-5

7,
19
75
-

19
57

-
19
62
-

19
41

-5
3,

19
66

-
19
38
-

19
18

-
19

45
-

19
41

-4
5,

19
49

-
19
74
-

19
06

-0
8,

19
11

-
19

/6
-

19
46
-

19
41

-
19

41
-4

2,
19
48
-

19
65
-

19
49

-6
0,

19
72
-

19
51

-
19

51
-

19
32

,
19

39
-4

3,
19
59
-

19
60

-
19
59
-

19
57

-
19
71
-

19
38

-4
3,

19
50

-5
5,

19
72
-

19
75

-
19

45
-

18
97

,
19

03
,

19
20

-
19
56
-

19
40

-
19

28
-

19
56
-

19
03

.
19

05
-0

8,
19

21
-2

6,
19
73
-

L
O
C
A
T
I
O
N

SE - 1
4 32 25 34

1
20
2

30 17 16 17 13 2 18 27 11 19 8
34 16 9 28 26 25 32 31 27 - 15 4 1
17 9
24 33

T
S
P

- 57
N 9S

4
2
N 6N 4N 7N 2N 3N 3N 3N 3N 2N IS IS

32
N IS 3N

38
N 4N 5N 5N

4
3
N

4
3
N

4
3
N

4
7
N

4
6
N

4
7
N

4
7
N

4
8
N

5
2
N

5
3
N

5
5
N

4
9
N

5
2
N

R
N
G
E

- 10
1W

22
E

10
8W 6W 6W 4W 4W 2W 2W 2W 1W 1W 4E 2W
99
W 4b 6E

92
W 5E 6E 6b

10
0W

10
0W

10
0W

V9
W

92
W

U8
W

- 10
1W

10
0W BU
W

9
0
W

94
W

10
6W

10
3W

i

0 GW GW GM DW GM OW GM DW DM D
G
M

DG
W

OW GM O
G
M

GW GW OW GM GW GM - DM GM - GW GW GM OG
M

GM GM DG
M

DW GW GM OW GM

i Y Y S S Y Y Y Y Y Y Y Y Y S Y Y S Y Y Y Y - Y Y  Y Y Y Y Y Y S Y S Y Y Y

m E| M M W W R.
S

R R,
S

R R R R R R R R R S R R k K - W W _ W w,
s

W W W W S W S W rt W

1 - BU
M

BU
M

WS
E

M
R
B

WS
E

MH
B

MR
B

MR
S,

B
R
U
M

B
R
U
M

8
R
U
M

B
R
U
M

B
R
U
M

C 
E

MR
B

WS
E

C 
E

B
R
U
M

B
U
M

B
R
U
M

MR
B

B
R
U
M

MR
B

M
R
g

MR
B

WS
E

WS
E

WS
E

O
E
P
O

WS
E

WS
E

ws
t

WS
E

M
R
S

U
S
G
S

WS
E

R
E
M
A
R
K
S

FU
RN
IS
HE
D 

BY
 U

SS
R

FU
RN
IS
HE
D 

BY
 U

SS
R

<D

* 
Al

so
 
ch
em
ic
al
 q

ua
li
ty
 
st

at
io

n
# 

Al
so

 
se
di
me
nt
 
st

at
io

n



Ta
bl
e 

1.
 

St
re

am
fl

ow
 a

nd
 r

es
er
vo
ir
 
st
at
io
ns
 
(c

on
ti

nu
ed

)

S
T
A
T
I
O
N
 

N
U
M
B
E
R

S
T
A
T
I
O
N
 

N
A
M
E

Y
E
L
L
O
W
S
T
O
N
E
 
R
I
V
E
R
 
B
A
S
I
N
 
(
C
o
n
t
i
n
u
e
d
)

0
6
2
8
1
5
0
0

 
0
6
2
8
2
0
0
0

0
6
2
B
4
2
0
0

 
0
6
2
8
4
4
0
0

 
0
6
2
8
4
5
0
0

 
0
6
2
8
4
8
0
0

 
#
0
6
2
8
5
1
0
0

 
0
6
2
8
5
4
0
0

 
#
0
6
2
8
6
2
5
8

0
6
2
8
6
4
0
0

0
6
2
9
7
4
B
O

0
6
2
9
7
5
0
0

 
0
6
2
9
8
0
0
0

0
6
2
9
9
5
0
0

0
6
3
0
0
5
0
0

0
6
3
0
1
5
0
0

0
6
3
0
2
0
0
0

0
6
3
0
3
5
0
0

 
#
0
6
3
0
5
5
0
0

0
6
3
0
6
2
5
0

0
6
3
0
9
2
0
0

0
6
3
0
9
2
6
0

0
6
3
0
9
2
7
0

0
6
3
0
9
2
b
O

0
6
3
0
9
4
5
0

0
6
3
0
9
4
6
0

0
6
3
1
1
0
0
0

0
6
3
1
1
0
6
0

0
6
3
1
1
4
0
0

0
6
3
1
3
1
8
0

 
#
0
6
3
1
3
4
0
0

0
6
3
1
3
7
0
0

0
6
3
1
3
9
5
0

0
6
3
1
4
0
0
0

 
 
0
6
3
1
7
0
0
0

0
6
3
1
8
5
0
0

0
6
3
2
0
0
0
0

»
»
0
6
3
2
0
2
0
0

*
#
0
6
3
2
0
4
0
0

0
6
3
2
0
5
0
0

0
6
3
2
1
0
0
0

0
6
3
2
1
0
2
0

0
6
3
2
1
0
4
0

B
U
F
F
A
L
O
 
B
I
L
L
 
R
E
S
E
R
V
O
I
R

S
H
O
S
H
O
N
E
 
R
I
V
E
R
 
B
E
L
O
W
 
B
U
F
F
A
L
O
 
B
I
L
L
 
R
E
S
E
R
V
O
I
R

S
H
O
S
H
O
N
E
 
R
I
V
E
R
 
AT
 
W
I
L
L
 W
O
O
D

S
H
O
S
H
O
N
E
 
R
I
V
E
R
 
N
E
A
R
 
G
A
R
L
A
N
D

B
I
T
T
E
R
 
C
R
E
E
K
 
N
E
A
R
 
G
A
R
L
A
N
D

W
H
I
S
T
L
E
 
C
R
E
E
K
 
N
E
A
R
 
O
A
K
L
A
N
D

S
H
O
S
H
O
N
E
 
R
I
V
E
K
 
N
E
A
R
 
L
O
V
E
L
L

S
A
G
E
 
C
R
E
E
K
 
AT

 
S
I
O
O
N
 
C
A
N
A
L
 t
 
N
E
A
R
 
O
E
A
V
E
R

B
I
G
 
C
O
U
L
E
E
 
N
E
A
R
 
L
O
V
E
L
L

B
I
G
H
O
K
N
 
L
A
K
E
 
N
E
A
R
 
S
T
.
 
X
A
V
1
E
R
,
 
MT

T
O
N
G
U
E
 
R 

AT
 
T
O
N
G
U
E
 
C
A
N
Y
O
N
 
C
A
M
P
G
R
O
U
N
D
.
 
N
R
 
D
A
Y
T
O
N

H
I
6
H
L
I
N
E
 
D
I
T
C
H
 
N
E
A
R
 
O
A
Y
T
O
N

T
O
N
G
U
E
 
R
I
V
E
R
 
N
E
A
R
 
D
A
Y
T
O
N

W
O
L
F
 
C
R
E
E
K
 
AT

 
W
O
L
F

E
A
S
T
 
F
O
R
K
 
B
I
G
 
G
O
O
S
E
 
C
R
E
E
K
 
N
t
A
R
 
B
I
G
 
H
O
R
N

W
E
S
T
 
F
O
R
K
 
B
I
G
 
G
O
O
S
E
 
C
H
E
E
K
 
N
t
A
R
 
B
I
G
 
H
O
R
N

B
I
G
 
G
O
O
S
E
 
C
R
E
E
K
 
N
E
A
R
 
S
H
E
R
I
D
A
N

L
I
T
T
L
E
 
G
O
O
S
E
 
C
R
E
E
K
 
IN

 
C
A
N
Y
O
N
,
 
N
E
A
R
 
B
I
G
 
H
O
R
N

G
O
O
S
E
 
C
R
E
E
K
 
B
E
L
O
W
 
S
H
E
R
I
D
A
N

P
R
A
I
R
I
E
 
D
O
G
 
C
R
E
E
K
 
N
E
A
R
 
A
C
M
E

M
I
D
D
L
E
 
F
O
R
K
 
P
O
W
D
E
R
 
R
I
V
E
R
 
N
E
A
R
 
B
A
R
N
U
M

B
U
F
F
A
L
O
 
C
R
E
L
K
 
A
B
 
N 

F 
B
U
F
F
A
L
O
 
C
R
E
E
K
.
 
N
E
A
R
 
A
R
M
I
N
T
O

N
O
R
T
H
 
F
O
R
K
 
B
U
F
F
A
L
O
 
C
R
t
E
K
 
N
E
A
R
 
A
R
M
I
N
T
O

B
U
F
F
A
L
O
 
C
R
E
E
K
 
BL
 
N
 
F 

B
U
F
F
A
L
O
 
C
R
E
E
K
 «
 
N
E
A
R
 
A
R
M
I
N
T
O

tt
EA
VE
K 

C
R
E
E
K
 
B
E
L
O
W
 
B
A
Y
E
R
 
C
R
E
E
K
,
 
N
E
A
R
 
B
A
R
N
U
M

B
E
A
V
E
K
 
C
R
E
E
K
 
A
B
 
W
H
I
T
E
 
P
A
N
T
H
t
R
 
O
I
T
C
H
,
 
N
E
A
R
 
B
A
R
N
U
M

N
O
R
T
H
 
F
O
R
K
 
P
O
W
D
E
R
 
R
I
V
t
R
 
N
E
A
R
 
H
A
Z
E
L
T
O
N

N
 
F
O
R
K
 
P
O
W
D
E
R
 
R
I
V
E
R
 
B
L
 
B
U
L
L
 
C
R
E
E
K
,
 
N
R
 
H
A
Z
E
L
T
O
N

N 
F
O
R
K
 
P
O
W
D
E
R
 
R
I
V
E
R
 
B
L
 
P
A
S
S
 
C
R
E
E
K
,
 
N
R
 
M
A
Y
O
W
O
R
T
H

O
U
G
O
U
T
 
C
R
E
E
K
 
T
R
I
B
U
T
A
R
Y
 
N
E
A
R
 
M
I
D
W
E
S
T

S
A
L
T
 
C
R
E
E
K
 
N
E
A
R
 
S
U
S
S
E
X

D
E
A
D
 
H
O
R
S
E
 
C
R
E
E
K
 
N
E
A
R
 
B
U
F
F
A
L
O

N 
F 

C
R
A
Z
Y
 
W
O
M
A
N
 
C
R
t
E
K
 
B
L
 
P
O
L
E
 
C
R
E
E
K
,
 
N
R
 
B
U
F
F
A
L
O

N
O
R
T
H
 
F
O
R
K
 
C
R
A
Z
Y
 
W
O
M
A
N
 
C
R
E
E
K
 
N
E
A
R
 
B
U
F
F
A
L
O

P
O
W
D
E
R
 
R
I
V
E
R
 
AT
 
A
R
V
A
O
A

C
L
E
A
R
 
C
R
E
E
K
 
N
E
A
R
 
B
U
F
F
A
L
O

R
O
C
K
 
C
R
E
E
K
 
N
E
A
R
 
B
U
F
F
A
L
O

C
L
E
A
R
 
C
R
E
E
K
 
B
E
L
O
W
 
R
O
C
K
 
C
R
E
E
K
,
 
N
E
A
R
 
B
U
F
F
A
L
O

CL
EA
R"
 C
R
E
E
K
 
AT
 
U
C
R
O
S
S

S
O
U
T
H
 
P
I
N
E
Y
 
C
R
E
E
K
 
AT
 
W
I
L
L
O
W
 
P
A
R
K

S
O
U
T
H
 
P
I
N
E
Y
 
C
R
E
E
K
 
N
E
A
K
 
S
T
O
R
Y

M
E
A
D
-
C
O
F
F
E
E
N
 
D
I
T
C
H
 
A
B
O
V
E
 
F
I
S
H
 
H
A
T
C
H
E
R
Y
,
 
N
R
 
S
T
O
R
Y

M
E
A
D
-
C
O
F
F
E
E
N
 
D
I
T
C
H
 
B
E
L
O
W
 
F
I
S
H
 
H
A
T
C
H
E
R
Y
,
 
N
R
 
S
T
O
R
Y

P
U
R
­
 

P
O
S
E

C C
R

C
R
C
R

C C C
R

C C
H

C C C B
C
H

C
H

C
H

C C C
H

C C H c c c c c B
C
H

C C
H

H C M C
H
C
H

C
P C C
R

C C C
R C C C

D
R
A
I
N
A
G
E
 

A
R
E
A

1
4
9
8

1
5
3
6

1
9
8
0

2
0
3
6
8
0
.
5

10
1

2
3
5
0

34
1 2
8
.
8

1
9
6
2
6

2
0
2 -

2
0
4

3
7
.
8

2
0
.
1

2
4
.
4

12
0 5
1
.
6

3
9
3

3
5
8
4
5
.
2

8
.
8
0

8
.
1
0

1
8
.
6

1
0
.
9

2
«
.
2

2
4
.
5

3
2
.
3

10
0
.8

7
6
9

15
1
4
3
.
4

4
4
.
9

6
0
5
0

12
0 6
0
.
0

3
2
2

4
0
9
3
3
.
6

6
9
.
4

 
 -

P
E
R
I
O
D
 

O
F
 

R
E
C
O
R
D

1
9
0
9
-

1
9
2
1
-

1
9
7
4
-

1
9
5
8
-

1
9
b
O
-
5
3
,

1
9
5
7
-
6
0
,

1
9
6
8
-

1
9
5
8
-
6
0
,

1
9
6
8
-

1
9
6
6
-

1
9
5
8
-
6
0
,

1
9
6
8
-

1
9
6
9
-

1
9
6
5
-

1
9
7
4
-

1
9
1
9
-
2
3
,

1
9
4
0
-

1
9
1
B
-
2
9
,

1
9
4
0
-

1
9
4
5
-

1
9
5
3
-

1
9
5
3
-

1
9
2
9
-

1
9
4
1
-

1
9
4
1
-

1
9
7
0
-

1
9
6
1
-

1
9
7
4
-

1
9
7
4
-

19
7<

t-
1
9
7
4
-

1
9
7
4
-

1
9
4
6
-

1
9
7
4
-

1
9
/
4
-

1
9
7
4
-

1
9
7
5
-

1
9
7
1
-

1
9
7
3
-

1
9
4
2
-
4
9
,

1
9
7
3
-

1
9
1
9
-

1
8
9
4
,

1
8
9
6
-
9
9
,

1
9
1
7
-
2
7
,

1
9
3
B
-

1
9
4
1
-

1
9
7
5
-

1
9
7
5
-

1
9
4
5
-
5
7
,

1
9
5
9
-

19
!>

1-
1
9
7
4
-

1
9
7
4
-

L
O
C
A
T
I
O
N

S
E

12 3
3
4 13
7

30 16 3
4

3
4 IB 10 11 11 4

2
8 3Q 3
5 1
15 2
3

2
6 20 17 21 2
B 16 21 2
5
3
6 14
B

15 2
8 27 21
6

2
9 30 19 2
4 2
3 13 13

TS
P

5
2
N

5
2
N

S
S
N

5
5
N

S
S
N

5
5
N

S
6
N

5
7
N

5
8
N
6
S

S
6
N

5
6
N

5
6
N

5
5
N

5
3
N

5
4
N

5
5
N

5
3
N

5
6
N

5
8
N

4
2
N

4
0
N

4
0
N

4
0
N

4
3
N

4
3
N

4
7
N

4
7
N

4
6
N

4
0
N

4
2
N

4
9
N

4
9
N

4
9
N

5
4
N

S
O
N

5
2
N

5
1
N

5
3
N

5
2
N

5
3
N

5
3
N

5
3
N

R
N
G
E

1
0
3
W

1
0
2
W

9
9
W

9
8
W

9
7
W

9
7
W

V
6
W

9
7
W

9
5
W

3
1
E

B
/
W

b
7
W

B
/
W

B
6
W

8
6
W

b
6
W

t*
6W

8
5
W

b
4
W

8
3
W

b
6
W

8
6
W

8
b
W

t>
6W

8
5
W

0
4
 W

B
b
W

B
b
W

8
4
W

b
O
W

7
9
W

7
7
W

b
3
w

b
3
W

7
7
W

8
2
*

8
3
W

b
l
W

H
O
W

b
5
W

t)
4W

b
4
W

B
4
W

M
 m Si DW G
M

G
M

O
W

G
M G
M

GW G
W - G
M

G
W D
W

G
W

G
M

G
M GW G
W

D
W bW G
M GM G
W GM G
W GM GW G
M GM GW GM GM GM GM GM GW GW GW GM bW G
M OW OW

!l Y Y Y Y Y Y Y Y - Y S Y S S S S S Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y S Y Y S Y Y Y

a
 u
 

3
 o

W
 
M
 

M
 
fc

*g w w w w w w w M - W w w s s s s s w M c c c c c c w,
s

w c c c c c c c c s c c s * w w

COOPERA
TOR

M
R
B

B
R
U
M

B
R
U
M

M
K
B

M
R
B

M
R
B

M
K
B

M
R
B

M
K
B

M
K
B

U
S
G
S

W
S
E

U
S
E

W
S
E

W
S
E

U
S
E

U
S
E

W
S
E

W
S
E

. W
S
E

U
S
G
S

U
S
G
S

U
S
G
S

U
S
G
S

U
S
G
S

W
S
E

U
S
G
S

W
S
E

U
S
G
S

B
L
M

W
S
E

D
E
P
D

UE
Pl
)

W
S
E

O
E
P
D

W
S
E

B
U
M

«
L
M

W
S
E

W
S
E

U
S
G
S

U
S
G
S

RE
MA
RK
S

F
U
R
N
I
S
H
E
D
 
BY
 
U
S
B
R

F
U
R
N
I
S
H
E
D
 
BY

 
U
S
B
R

A
U
X
I
L
I
A
R
Y
 
W
E
L
L
 
G
A
G
E

W
S
t
 
O
P
E
R
A
T
E
 
A
P
R
-
S
E
P

# 
Al
so
 
se
di
me
nt
 
st

at
io

n



Ta
bl
e 

1.
 

St
re

am
fl

ow
 a

nd
 r

es
er

vo
ir

 
st
at
io
ns
 
(c

on
ti

nu
ed

)

S
T
A
T
I
O
N
 

N
U
M
B
E
R

S
T
A
T
I
O
N
 

N
A
M
E

Y
E
L
L
O
W
S
T
O
N
E
 
R
I
V
E
R
 
B
A
S
I
N
 
(C

on
ti

nu
ed

)

0
6
3
3
1
1
0
0

0
6
3
2
1
5
0
0

0
6
3
2
1
8
0
0

0
6
3
2
3
0
0
0

*
0
6
3
2
3
5
0
0

*
#
0
6
3
2
4
0
0
0

 
#
0
6
3
2
4
9
7
0

S 
P
I
N
E
Y
 
C
R
E
E
K
 
BL

 
M
E
A
D
-
C
O
F
F
E
t
N
 
DI
TC
H,
 
N
E
A
R
 
S
T
O
R
Y

N
O
R
T
H
 
PI
NE
Y 

C
R
E
E
K
 
N
E
A
K
 
S
T
O
R
Y

S
P
R
I
N
G
 
C
R
E
E
K
 
N
E
A
R
 
S
T
O
K
Y

P
I
N
E
Y
 
C
R
E
E
K
 
AT

 
K
E
A
R
N
Y

P
I
N
E
Y
 
CR

EE
K 

AT
 
U
C
R
O
S
S

C
L
t
A
R
 
C
R
E
E
K
 
N
E
A
R
 
A
R
V
A
U
A

L
I
T
T
L
E
 
P
O
W
D
E
R
 
R
I
V
E
R
 
A
B
O
V
E
 
DR
Y 

CR
EE
K,
 
NE
AR
 
W
E
S
T
O
N

C
H
E
Y
E
N
N
E
 
R
I
V
E
R
 
B
A
S
I
N

'
#
0
6
3
6
5
3
0
0

»
#
0
6
3
6
5
9
0
0

0
6
3
7
6
3
0
0

 
#
0
6
3
8
6
0
0
0

0
6
3
9
2
9
0
0

0
6
3
9
2
9
5
0

 
0
6
3
9
4
0
0
0

 
#
0
6
4
2
5
7
2
0

 
#
0
6
4
2
5
7
8
0

 
#
0
6
4
2
6
5
0
0

0
6
4
2
7
0
0
0

0
6
4
2
7
5
0
0

0
6
4
2
9
5
0
0

0
6
4
2
9
9
0
0

0
6
4
3
0
0
0
0

#
0
6
4
3
0
5
0
0

0
6
4
5
4
0
0
0

DR
Y 

FO
RK

 C
HE
YE
NN
E 

Ri
vt
R 

NE
AR
 B

IL
L

C
H
t
Y
E
N
N
E
 
R
I
V
E
R
 
N
E
A
R
 
DU
LL
 
C
E
N
T
E
R

B
L
A
C
K
 
T
H
U
N
D
E
R
 
C
R
E
E
K
 
N
t
A
R
 
H
A
M
P
S
H
I
R
E

L
A
N
C
E
 
CR
EE
K 

N
E
A
R
 
S
P
E
N
C
E
R

B
E
A
V
E
R
 
C
R
E
E
K
 
AT
 
M
A
L
L
D
 
CA
MP
, 

N
E
A
R
 
F
O
U
R
 
C
O
R
N
E
R
S

S
T
O
C
K
A
D
E
 
B
E
A
V
E
R
 
CH
EE
K 

N
E
A
R
 
N
E
W
C
A
S
T
L
E

B
E
A
V
E
R
 
CR

EE
K 

NE
AR

 
N
E
W
C
A
S
T
L
E

B
E
L
L
E
 
F
O
U
R
C
H
E
 
R
I
V
E
R
 
Bt

L 
R
A
T
T
L
E
S
N
A
K
E
 
CR
. 

NR
 
P
I
N
E
Y

B
E
L
L
E
 
F
O
U
R
C
H
E
 
R
I
V
E
R
 
Ab

OV
E 

DR
Y 

CR
EE

K,
 
NE
AR
 
P
I
N
E
Y

B
E
L
L
E
 
F
O
U
R
C
H
E
 
R
I
V
E
R
 
B
t
L
O
W
 
M
O
O
R
C
R
O
F
T

K
E
Y
H
O
L
E
 
R
E
S
E
R
V
O
I
R
 
N
E
A
K
 
M
O
O
R
C
R
O
F
T

B
E
L
L
E
 
F
O
U
R
C
H
E
 
R
I
V
E
R
 
B
t
L
O
W
 
K
t
Y
H
O
L
E
 
R
E
S
E
R
V
O
I
R

C
O
L
D
 
S
P
R
I
N
G
S
 
C
R
E
E
K
 
N
E
A
R
 
8
U
C
K
H
O
R
N

S
A
N
D
 
C
R
E
E
K
 
AT
 
R
A
N
C
H
 
A,
 
N
E
A
R
 
B
E
U
L
A
H

M
U
R
R
A
Y
 
U
I
T
C
H
 
AT
 
W
Y
O
M
I
N
G
-
S
O
U
T
H
 
D
A
K
O
T
A
 
S
T
A
T
E
 
L
I
N
E

K
E
D
W
A
T
E
R
 
CR

 
AT

 
W
Y
O
M
I
N
G
-
S
O
U
T
H
 
D
A
K
O
T
A
 
S
T
A
T
E
 
LI
NE

N
I
O
B
R
A
R
A
 
R
I
V
E
R
 
AT
 
W
Y
O
M
I
N
G
-
N
E
B
R
A
S
K
A
 
ST
AT
E 

L
I
N
E

P
L
A
T
T
E
 
R
I
V
E
R
 
B
A
S
I
N

0
6
6
2
2
7
0
0

0
6
6
2
2
9
0
0

 
#
0
6
6
2
3
8
0
0

 
0
6
6
2
5
0
0
0

 
#
0
6
6
2
8
8
0
0

06
62
89
00

 
0
6
6
3
0
0
0
0

 
#
0
6
6
3
0
3
0
0

 
#
0
6
6
3
0
3
3
0

0
6
6
3
2
4
0
0

 
#
0
6
6
3
4
6
0
0

 
#
0
6
6
3
4
9
9
0

 
#
0
6
6
3
5
0
0
0

 
0
6
6
3
5
5
0
0

N
O
R
T
H
 
B
R
U
S
H
 
C
R
E
E
K
 
NE
AR
 
S
A
R
A
T
O
G
A

SO
UT
H 

BR
US
H 

C
R
E
E
K
 
NE
AK
 
S
A
R
A
T
O
G
A

t
N
C
A
M
P
M
E
N
T
 
R 

AB
 
HO

G 
P
A
R
K
 
CR
EE
K,
 
N
t
A
R
 
t
N
C
A
M
P
M
E
N
T

E
N
C
A
M
P
M
E
N
T
 
K
I
V
E
K
 
AT
 
MO
UT
H,
 
NE

AR
 
E
N
C
A
M
P
M
E
N
T

SA
&E

 
C
R
E
E
K
 
N
E
A
R
 
S
A
R
A
T
O
G
A

PA
SS

 
C
R
E
E
K
 
N
t
A
R
 
EL

K 
M
O
U
N
T
A
I
N

N 
PL
AT
TE
 R

IV
ER
 A

B 
SE
MI
NO
E 

RE
SE
RV
OI
R,
 N

R 
SI
NC
LA
IR

B
i
b
 
D
I
T
C
H
 
N
E
A
R
 
C
O
Y
O
T
E
 
S
P
R
I
N
G
S

N
O
R
T
H
 
O
I
T
C
H
 
N
E
A
R
 
C
O
Y
O
T
E
 
S
P
R
I
N
G
S

RO
CK
 
C
R
E
E
K
 
A
B
O
V
E
 
K
I
N
G
 
C
A
N
Y
O
N
 
CA
NA
L,
 
NR
 
A
R
L
I
N
G
T
O
N

L
I
T
T
L
E
 
M
E
D
I
C
I
N
E
 
BO

W 
R
I
V
E
R
 
NE
AR
 
M
E
D
I
C
I
N
E
 
B
O
W

H
A
N
N
A
 
DR
AW
 
N
E
A
R
 
H
A
N
N
A

M
E
D
I
C
I
N
E
 
BO
W 

R 
A8

 
S
E
M
I
N
O
E
 
R
E
S
E
R
V
O
I
R
,
 
N
E
A
R
 
H
A
N
N
A

S
E
M
I
N
O
E
 
R
E
S
E
R
V
O
I
R
 
NE
AR
 
L
E
O

PU
R­

 
P
O
S
E

:H c CR CR ; p I C H P C C BP C C c c CR C C c CH BC
H

H C BH CH C CH CP C C B
C
H

P C CP c

D
R
A
I
N
A
G
E
 

A
R
E
A

69
. 
5

36
. 
B

-
11
8

26
7

11
10

12
30 12
8

15
27

5
3
5

20
70 10

.3
10
7

13
20 49
5

59
4

16
70

20
00

20
00 19

.0
26

0 -
47

1

45
0 3
7
.
4

22
.8

72
.7

26
5

26
3 91
.5

8
1
3
4

11
0 22
.6

6
2
.
9

96
3 2
1
.
6

23
38

72
30

P
E
R
I
O
D
 

OF
 

R
E
C
O
R
D

19
74

-
19
51
-

19
74
-

19
02

-0
6,

19
10

-1
7,

19
19

-2
3,

19
40
-

19
17

-2
3,

19
50
-

19
15

-1
9,

19
28

-2
9,

19
39
-

19
72

-

19
/6

-
19
/5
-

19
72

-
19

48
-5

4,
19
56
-

19
74
-

19
/4
-

19
43
-

19
/b
-

19
75
-

19
43
-f
O

19
75
-

19
52

-
19
51
-

19
74
-

19
/4

-
19
S4
-

19
29

-3
1,

19
36

-3
7,

19
S4
-

19
55
-

19
60
-

19
60
-

19
64

-
19
40
-

19
73

-
19
57
-

19
39

-
19
75
-

19
76
-

19
65

-
19
/3
-

19
75

-
19
39
-

19
39
-

L
O
C
A
T
I
O
N

SE 13 15 13 26 18 36 13 31 20 31 14 4 19 18 t
25 24 27 21
9 18
1 18 15 20 10 32 2 1 30 19 25 2 3 3

T
S
P

5
3
N

53
N

53
N

5
3
N

53
N

57
M

S7
N

38
IN

40
lv

4
2
I
N

39
1V

47
IN

45
ft
4
U

46
C

47
^

bo
^

5
1
N

51
N

4
8
N

5
2
N 7N 7
N

3
1
N

16
^

1
6
N

12
^

15
N

19
N

19
N

22
N

2
3
N

23
N

19
N

23
N

24
N

24
N

8
1
2
5
N

R
N
G
E

84
M

8
4
M

84
 M

8
3
W

80
M

/7
M

nw /3
»

6
8
M

6
b
M

6
2
M

6
0
W

6
Q
M

6
0
W

/!
«

/
1
W

6
8
M

6
6
M

6
6
M

6
0
M

6
0
M It IE

60
w

8
1
M

8
1
M

8
4
M

8
3
M

85
W

b2
M

B
6
M

83
w

83
E

/9
W

78
M

HI
M

81 b4

f! GM DW OW GW GW Dt
f

GM GM G
M GM G
M
W

G
M

G
M DG
W

GM GM GM - GM GM G
M Gw GW OW GM G
W
G
M DW GM GM (J
M

GM GM GM GM GM GM -

t

fi
t

\f
.

9
t
t

't
i 0

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y - Y Y Y Y Y Y Y S Y Y S Y Y Y Y Y Y Y Y -

FIEL
D OFFIC

E

M W w S c ; c c c c c so so c c c c - ; so so so so N OF S CF CF CF Cf CF CF CF CF
,

CF CF CF -

COOPERA
TOR

U
S
G
S

U
E
P
O

us
es

MS
E

O
E
P
O

D
t
P
D

MS
E

BL
M

U
S
G
S

MS
E

B
U
M

U
S
G
S

US
GS

U
S
G
S

bL
M

BL
M

BL
M

M
K
B

B
K
U
M

U
S
G
S

U
S
G
S

MS
E

MS
E

- MS
E

MS
E

U
S
G
S

MS
E

BL
M

MS
E

MS
E

BL
M

B
L
M

M
S
E

MS
E

B
L
M

 U
SE

M
K
B

R
E
M
A
R
K
S

F
U
R
N
I
S
H
E
D
 
BY
 
U
S
B
R

AU
X 

T
R
A
N
S
D
U
C
E
R
 
G
A
G
E

H
Y
U
R
O
 
B
E
N
C
H
M
A
R
K
 
ST
A

F
U
R
N
I
S
H
E
D
 
BY

 
U
S
B
R

* 
Al

so
 
ch
em
ic
al
 
qu
al
it
y 

st
at
io
n

# 
Al
so
 
se
di
me
nt
 
st

at
io

n



Ta
bl
e 

1.
 

St
re

am
fl

ow
 
an

d 
re

se
rv

oi
r 

st
at

io
ns

 
(c

on
ti

nu
ed

)

ST
AT

IO
N 

NU
MB

ER
S
T
A
T
I
O
N
 

N
A
M
E

PL
AT

TE
 
RI
VE
R 

BA
SI
N 

(C
on

ti
nu

ed
)

0
6
6
3
7
7
5
0

0
6
6
3
9
0
9
0

 
#
0
6
6
3
9
0
0
0

*
0
6
6
4
0
5
0
0

"
0
6
6
4
1
5
0
0

"
0
6
6
4
2
0
0
0

0
6
6
4
5
1
5
0

0
6
6
4
5
1
6
0

"
0
6
6
4
6
6
0
0

«0
66

<»
68

00
0
6
6
4
7
5
0
0

0
6
6
4
7
8
9
0

0
6
6
4
7
9
0
0

0
6
6
4
9
0
0
0

"
#
0
6
6
5
2
0
0
0

"
0
6
6
5
2
7
0
0
 

"
0
6
6
5
2
8
0
0

0
6
6
5
5
5
0
0
 

"
0
6
6
5
6
0
0
0

0
6
6
5
7
0
0
0

0
6
6
5
9
5
0
0

0
6
6
5
9
5
8
0

0
6
6
6
1
0
0
0

0
6
6
6
1
5
8
5

"
0
6
6
6
2
0
0
0

0
6
6
6
4
4
0
0

0
6
6
6
4
9
0
0

0
6
6
6
7
0
6
0

"
#
0
6
6
7
0
5
0
0

0
6
6
7
1
0
0
0

0
6
6
7
2
5
0
0

0
6
6
7
3
5
0
0

"
#
0
6
6
7
4
5
0
0

*
 

A
 1
 
~
 _
 
~
U
 «

R
O
C
K
 
C
H
E
E
K
 
A
B
O
V
t
 
R
O
C
K
 
C
H
E
E
K
 
K
E
S
E
H
V
O
I
H

S
W
t
E
T
W
A
T
E
R
 
R
I
V
E
R
 
N
E
A
R
 
S
W
E
E
T
W
A
T
E
R
 
S
T
A
T
I
O
N

S
W
E
E
T
W
A
T
E
R
 
R
I
V
E
R
 
N
t
A
R
 
A
L
C
O
V
A

P
A
T
H
F
I
N
D
E
R
 
R
E
S
E
R
V
O
I
R
 
N
E
A
R
 
A
L
C
O
V
A

A
L
C
O
V
A
 
R
E
S
E
R
V
O
I
R
 
A
T
 
A
L
C
O
V
A

N
O
R
T
H
 
P
L
A
T
T
E
 
R
I
V
E
R
 
AT
 
A
L
C
O
V
A

S
M
I
T
H
 
C
R
E
E
K
 
A
B
O
V
E
 
O
T
T
E
R
 
C
R
E
E
K
*
 
N
E
A
R
 
C
A
S
P
E
R

S
M
I
T
H
 
C
R
E
E
K
 
AT

 
O
T
T
E
R
 
C
R
E
E
K
,
 
N
E
A
R
 
C
A
S
P
t
R

D
E
E
R
 
C
R
E
E
K
 
B
t
L
D
W
 
M
1
L
L
A
R
 
W
A
S
T
E
W
A
Y
,
 
AT
 
G
L
t
N
R
O
C
K

N
O
R
T
H
 
P
L
A
T
T
E
 
R
I
V
E
R
 
N
E
A
R
 
G
L
E
N
R
O
C
K

B
O
X
 
E
L
D
E
R
 
C
R
E
E
K
 
AT
 
8
D
X
E
L
D
E
R

L
I
T
T
L
E
 
B
O
X
 
E
L
D
E
R
 
C
R
E
E
K
 
N
E
A
R
 
C
A
R
E
Y
H
U
R
S
T

L 
B
O
X
 
E
L
D
E
R
 
C 

AT
 
L 

B
O
X
 
E
L
D
E
R
 
C
A
V
E
,
 
N
R
 
C
A
R
E
Y
H
U
R
S
T

L
A
P
R
E
L
t
 
C
R
E
t
K
 
N
E
A
R
 
D
O
U
G
L
A
S

NO
RT

H 
PL

AT
TE

 R
IV

ER
 A

T 
OR

IN

G
L
E
N
D
O
 
R
E
S
E
R
V
O
I
R
 
N
E
A
R
 
G
L
E
N
O
O
 

N
O
R
T
H
 
P
L
A
T
T
E
 
R
I
V
E
R
 
B
E
L
O
W
 
G
L
E
N
D
O
 
R
E
S
E
R
V
O
I
R

li
UR
NS
EY
 
R
E
S
E
R
V
O
I
R
 
N
E
A
R
 

G
U
E
R
N
S
E
Y
 

N
O
R
T
H
 
P
L
A
T
T
E
 
R
I
V
E
R
 
B
E
L
O
W
 
G
U
E
R
N
S
E
Y
 
R
E
S
E
R
V
O
I
R

N
O
R
T
H
 
P
L
A
T
T
E
 
R 

B
E
L
O
W
 
W
H
A
L
E
N
 
D
I
V
E
R
S
I
O
N
 
D
A
M

U
A
R
A
M
I
t
 
R
I
V
t
R
 
A
N
D
 
P
I
O
N
E
E
R
 
C
A
N
A
L
 
N
t
A
R
 
W
O
O
D
S

S
A
N
O
 
C
R
E
E
K
 
AT

 
C
O
L
O
R
A
D
O
-
W
Y
O
M
I
N
G
 
S
T
A
T
E
 
L
I
N
E

L
I
T
T
L
E
 
L
A
R
A
M
I
E
 
R
I
V
E
R
 
N
E
A
R
 
F
I
L
M
D
R
E

L
A
R
A
M
I
E
 
R
I
V
E
R
 
N
E
A
R
 
B
O
S
L
E
R

U
A
R
A
M
I
E
 
R
I
V
E
R
 
N
E
A
R
 
L
O
O
K
O
U
T

S
Y
B
I
L
U
E
 
C
R
E
E
K
 
A
B
O
V
E
 
M
U
L
t
 
C
R
t
E
K
,
 
N
t
A
R
 
W
H
E
A
T
L
A
N
D

B
L
U
E
G
R
A
S
S
 
C
R
E
E
K
 
N
E
A
R
 
W
H
E
A
T
L
A
N
D

U
A
R
A
M
I
E
 
R
I
V
E
R
 
A
B
O
V
E
 
N
O
R
T
H
 
L
A
R
A
M
I
E
 
R
I
V
E
R
,
 
N
R
 
U
V
A

L
A
R
A
M
I
E
 
R
I
V
E
R
 
N
E
A
R
 
F
O
R
T
 
L
A
R
A
M
I
E

RA
fc
HI
Ut
 
C
R
E
E
K
 
N
t
A
R
 
L
I
N
G
L
E

CH
ER
RY
 C

RE
EK

 D
RA

IN
 N

EA
R 

TO
RR
IN
GT
ON

K
A
T
Z
E
K
 
D
R
A
I
N
 
N
E
A
R
 
H
E
N
R
Y
,
 
N
B

N
O
R
T
H
 
P
L
A
T
T
E
 
R 

AT
 
W
Y
O
M
I
N
G
-
N
E
B
R
A
S
K
A
 
S
T
A
T
E
 
L
I
N
E

P
U
R
­
 

P
O
S
E

C
H

P CP C C C
R

C C C
H

C
H H C C C C
R

C CR C C
R CR CR C C
H

C
R

C
R C
H

C
R

C
P CR C C C CR

D
R
A
I
N
A
G
E
 

A
R
E
A 9
.
2

6
4
9

2
3
2
7

1
0
7
1
1

1
0
7
6
6

1
0
6
1
2 9
,
9
1

1
0
.
9

2
1
3

1
3
5
3
6 6
3
.
0

7
.
1
6

6
.
4
7

13
5

1
4
6
6
6

1
5
5
4
5
 

1
5
5
4
6

1
6
2
2
4
 

1
6
2
3
7

1
6
4
2
5

4
3
4 2
9
.
2

15
7

17
90

2
1
7
4

19
4

13
9

.3
13
1

4
4
9
5

5
2
2

3
5
6

4
5
,
9

2
2
2
1
8

P
E
R
I
O
D
 

O
F
 

R
E
C
O
R
D

1
9
6
2
-

1
9
7
3
-

1
9
1
3
-
2
4
,

1
9
J
8
-

1
9
0
9
-

1
9
3
8
-

1
9
0
4
-
O
b
,

1
9
3
4
-

1
9
7
4
-

1
9
7
4
-

1
9
6
1
-

1
9
5
9
-

1
9
4
6
-
5
1
,

1
9
6
1
-
6
7
,

1
9
7
1
-

1
9
7
4
-

1
9
7
4
-

1
9
1
9
-

1
6
9
5
-
9
9
,

1
9
1
7
-
1
8
,

1
9
2
4
,

1
9
5
8
-

1
9
5
7
-
 

1
9
5
7
-

1
9
2
8
-
 

1
9
0
0
-

1
9
0
9
-

1
9
1
2
-
2
4
,

1
9
2
6
-
2
7
,

1
9
3
1
-

1
9
6
8
-

1
9
0
2
-
0
3
,

1
9
1
1
-
2
6
,

1
9
3
2
-

1
9
7
2
-

1
9
1
2
-
1
7
,

1
9
2
1
-
2
7
.

1
9
3
2
-

1
9
7
4
-

1
9
5
6
-
6
3
,

1
9
6
8
-

1
9
7
3
-

1
9
1
5
-

1
9
2
8
-

1
9
J
1
-
J
3
,

1
9
3
5
-

1
9
2
6
-

1
9
2
9
-

L
O
C
A
T
I
O
N

S
E 27 12 25 24 24 17 15 14 4 17 3e

« S

17 2i 30 27
 

27 li
. 3e 1 4 1C 27 27 Zi IS 2S 20 23 10 4

TS
P

30
N

2
9
N

2
9
N

2
9
N

3
0
N

3
0
N

3
1
N

3
1
N

3
3
N

3
3
N

3
1
N

3
2
N

3
2
N

3
1
N

3
1
N

2
9
N
 

2
9
N

27
N 

27
N

26
N

1
4
N

12
N

1
5
N

1
6
N

2
1
N

22
N

22
N

25
N

26
^

25
N

2
4
N

23
N

23
N

RN
GE

10
0W

9
6
W

U
7
W

U4
«l

B
3
W

U
2
W

?B
W

/U
W

7b
W

7
4
W

/5
W

74
W

74
W

?3
W

0
9
W

0
8
W
 

6
7
W

b
b
W
 

6
6
W

b
b
w

//
W

?5
W

7
7
W

74
W

7
4
W

70
W

/O
W

6
7
W

6
5
W

6
2
W

bi
w

6
0
W

5
8
W

GAG
E 
I
 EQUIPM

ENT 
|

D
G
W

G
M

<3
W

- - DW D
T
O
T
W

GW D
W

GW D
W GW GW O
W

DW DM li
M

GW 1>
W

GW GW G
W

G
W GW G
M

G
M

GW GW GW GW

1
 

CURRE
NT 

1
 1

 
RECOR

D 
TYP

E 
1 Y Y S - _ Y Y Y Y Y Y Y Y S Y Y Y Y S S S Y S S S Y Y S S S Y

FIEL
D 

OFFIC
E

« N S - _ C C C c.
s

c,
s

C C C S C c,
s

C
F
,
S

C
F
,
S

S S S S S S S C
F

CF S S S C
F

COOPERA
TOR

WS
E.

W
S
E

W
S
E

M
R
U

M
R
B

ws
t

U
S
G
S

U
S
6
S

WS
E

WS
E

WS
E

US
6S

us
es

W
S
E

w
S
E

M
R
B
 

W
S
E

M
R
B
 

W
S
E

W
S
E

W
S
E

W
S
E

ws
t

ws
t

W
S
E

W
S
E

W
S
E

D
E
P
D

wS
E

W
S
E

W
S
E

W
S
E

W
S
E

R
E
M
A
R
K
S

FU
RN
IS
HE
D 

BY
 U

SB
R

FU
RN
IS
HE
D 

BY
 U

SB
R

FU
RN
IS
HE
D 

BY
 U

SB
R

FU
RN

IS
HE

D 
BY
 U

SB
R

* 
Al
so

 
ch
em
ic
al
 
qu
al
it
y 

st
at
io
n

# 
Al
so

 
se
di
me
nt
 
st

at
io

n



Ta
bl
e 

1.
 

St
re
am
fl
ow
 a

nd
 r

es
er
vo
ir
 
st
at
io
ns
 
(c

on
ti

nu
ed

)

S
T
A
T
I
O
N
 

N
U
M
B
E
R

S
T
A
T
I
O
N
 

N
A
M
E

G
R
E
E
N
 
R
I
V
E
R
 
B
A
S
I
N

"
#
0
9
1
8
8
5
0
0

 
#
0
9
1
9
6
5
0
0

 
#
0
9
2
0
3
0
0
0

 
#
0
9
2
0
5
0
0
0

 
#
0
9
8
0
8
0
0
0

 
#
0
9
2
0
9
4
0
0

 
#
0
9
3
1
0
5
0
0

0
9
2
H
1
5
0

 
#
0
9
2
1
1
3
0
0

 
#
0
9
2
1
2
5
0
0

 
#
0
9
2
1
3
5
0
0

 
#
0
9
2
1
4
5
0
0

 
#
0
9
2
1
6
0
0
0

 
#
0
9
2
1
6
0
5
0

 
#
0
9
2
1
6
5
2
7

 
#
0
9
2
1
6
5
4
5

 
#
0
9
2
1
6
5
6
2

 
#
0
9
2
1
6
5
6
5

 
#
0
9
2
1
6
7
5
0

 
#
0
9
2
1
7
0
0
0

0
9
2
1
7
9
0
0

 
#
0
9
2
1
8
5
0
0

#
0
9
2
2
0
0
0
0

#
0
9
2
2
0
5
0
0

 
#
0
9
2
2
2
0
0
0

 
#
0
9
2
2
2
3
0
0

 
#
0
9
2
2
2
4
0
0

 
#
0
9
2
2
3
0
0
0

 
#
0
9
2
2
4
7
0
0

 
#
0
9
2
2
8
5
0
0

 
#
0
9
2
2
9
5
0
0

 
#
0
9
2
3
5
3
0
0

 
#
0
9
2
5
7
0
0
0

G
R
E
E
N
 
R
I
V
E
R
 
AT
 
W
A
R
R
E
N
 
B
R
I
D
G
E
*
 
NE
AR
 
D
A
N
I
E
L

P
I
N
E
 
C
R
E
E
K
 
A
B
O
V
E
 
F
R
E
M
O
N
T
 
L
A
K
E

EA
ST
 
FO

RK
 
R
I
V
E
R
 
NE

AR
 
B
I
G
 
SA
ND
Y

NE
W 

FO
RK

 
R
I
V
E
R
 
NE
AR
 
B
I
G
 
P
I
N
E
Y

L
A
8
A
R
6
E
 
C
R
E
E
K
 
NR
 
L
A
B
A
K
G
E
 
M
E
A
D
O
W
S
 
R
A
N
G
E
R
 
S
T
A
T
I
O
N

GR
fc

EN
 
R
I
V
E
R
 
N
E
A
R
 
L
A
B
A
R
G
E

F
O
N
T
E
N
E
L
L
E
 
CR
 
NR
 
M
E
R
S
C
M
L
E
R
 
RA

NC
H,

 
NR

 
F
O
N
T
E
N
E
L
L
E

F
O
N
T
E
N
E
L
L
E
 
R
E
S
E
R
V
O
I
R
 
NE
AR
 
F
O
N
T
E
N
E
L
L
E

G
R
E
E
N
 
R
I
V
E
R
 
B
E
L
O
W
 
FO
NT
EN
EL
Lf
c 

R
E
S
E
R
V
O
I
R

B
I
G
 -

SA
ND
Y 

K
I
V
E
R
 
AT
 
L
E
C
K
I
E
 
RA
NC
H,
 
NE
AR
 
B
I
G
 
S
A
N
D
Y

BI
G 

SA
ND
Y 

R
I
V
E
R
 
N
E
A
R
 
t-

AR
SO

N

LI
TT

Lf
c 

SA
ND
Y 

CR
EE
K 

A
B
O
V
E
 
E
D
E
N

B
I
G
 
SA
ND
Y 

R
I
V
E
R
 
B
E
L
O
W
 
E
D
E
N

B
I
G
 
SA

ND
Y 

R
I
V
E
R
 
AT

 
G
A
S
S
O
N
 
BR

ID
GE

, 
N
E
A
R
 
t
D
E
N

S
E
P
A
R
A
T
I
O
N
 
C
R
E
E
K
 
N
E
A
R
 
R
I
N
E
R

B
I
T
T
E
R
 
CR
EE
K 

NE
AR
 
B
I
T
T
E
R
 
C
R
E
E
K

BI
TT
ER
 C

RE
EK
 A

B 
SA
LT
 W

EL
LS

 C
RE
EK

, 
NR

 S
AL

T 
WE
LL
S

SA
LT

 
WE
LL
S 

C
R
E
E
K
 
N
E
A
R
 
S
O
U
T
H
 
B
A
X
T
E
R

SA
LT

 
W
E
L
L
S
 
C
R
E
E
K
 
NE
AR
 
SA

LT
 
wE
LL
S

G
R
E
E
N
 
R
I
V
E
K
 
N
E
A
R
 
G
R
E
E
N
 
R
I
V
E
R

BL
AC
KS
 F

OR
K 

NE
AR

 R
OB

ER
TS

ON
B
L
A
C
K
S
 
FO
RK
 
N
E
A
R
 
M
R
L
B
U
R
N
E

E
A
S
T
 
F
O
R
K
 
OF

 
S
M
I
T
H
 
F
O
R
K
 
N
E
A
R
 
R
O
B
E
R
T
S
O
N

WE
ST
 
FO

RK
 
OF

 
S
M
I
T
H
 
FO

RK
 
NE
AR
 
R
O
B
E
R
T
S
O
N

B
L
A
C
K
S
 
FO

RK
 
N
E
A
R
 
L
Y
M
A
N

L
I
T
T
L
E
 
M
U
D
D
Y
 
C
R
E
E
K
 
NE
AR
 
G
L
E
N
C
O
E

MU
DD

Y 
C
R
E
E
K
 
N
E
A
R
 
H
A
M
P
T
O
N

HA
MS
 
FO
RK
 
B
E
L
O
W
 
P
O
L
E
 
CR

EE
K,

 
NE
AR
 
F
R
O
N
T
I
E
R

B
L
A
C
K
S
 
FO
RK
 
N
E
A
R
 
L
I
T
T
L
E
 
A
M
E
R
I
C
A

B
U
R
N
T
 
FO

RK
 
N
E
A
R
 
8
U
R
N
T
F
O
R
K

H
E
N
R
Y
S
 
FO
RK
 
N
E
A
R
 
M
A
N
I
L
A
,
 
UT

V
E
R
M
I
L
L
I
O
N
 
C
R
E
E
K
 
NE
AR
 
H
I
A
W
A
T
H
A
,
 
CO

L
I
T
T
L
E
 
S
N
A
K
E
 
R
I
V
E
R
 
N
E
A
R
 
D
I
X
O
N

B
E
A
R
 
R
I
V
E
R
 
B
A
S
I
N

10
01

57
00

10
01

59
00

1
0
0
1
9
5
0
0

 
1
0
0
2
0
1
0
0

1
0
0
2
0
2
0
0

10
02

03
00

 
#
1
0
0
2
7
0
0
0

10
02
85
00

10
03

20
00

10
03
80
00

10
04
10
00

S
U
L
P
H
U
R
 
CR

Ef
cK

 
A
B
O
V
E
 
R
E
S
E
R
V
O
I
R
,
 
N
E
A
R
 
E
V
A
N
S
T
O
N

S
U
L
P
H
U
R
 
CR
EE
K 

B
E
L
O
W
 
R
E
S
E
R
V
O
I
R
,
 
NE

AR
 
E
V
A
N
S
T
O
N

C
H
A
P
M
A
N
 
C
A
N
A
L
 
AT

 
S
T
A
T
E
 
LI

NE
, 

NE
AR
 
E
V
A
N
S
T
O
N

B
E
A
R
 
R
I
V
E
R
 
A
B
O
V
E
 
R
E
S
E
R
V
O
I
R
,
 
NE
AR
 
W
O
O
D
R
U
F
F
,
 
UT

W
O
O
D
R
U
F
F
 
N
A
R
R
O
W
S
 
R
E
S
E
R
V
O
I
R
 
N
E
A
R
 
W
O
O
D
R
U
F
F
,
 
UT

BE
AR
 
R
I
V
E
R
 
B
E
L
O
W
 
R
E
S
E
R
V
O
I
R
,
 
NE
AR
 
W
O
O
D
R
U
F
F
,
 
UT

TW
IN

 
CR
EE
K 

AT
 
SA

GE

B
E
A
R
 
R
I
V
E
R
 
B
E
L
O
W
 
P
I
X
L
E
Y
 
DA

M,
 
N
E
A
R
 
C
O
K
E
V
I
L
L
E

S
M
I
T
H
S
 
FO

RK
 
N
E
A
R
 
B
O
R
D
E
R

H
E
A
R
 
R
I
V
E
R
 
B
E
L
O
W
 
S
M
I
T
H
S
 
FO

RK
* 

NE
AR
 
C
O
K
E
V
I
L
L
E

T
H
O
M
A
S
 
FO
RK
 
N
E
A
R
 
W
Y
O
M
I
N
G
-
I
D
A
H
O
 
S
T
A
T
E
 
L
I
N
E

PU
R­

 
P
O
S
E

C B
C
H

C H B
C
H

CP CH C CR C CR C CR CR C C C C C CK H C CH CH CR C C CH CR CH CP C CP cn C C CR C CR C CR BC
H

C CH

D
R
A
I
N
A
G
E
 

A
R
E
A

<t
6d 75
.8

79
.2

12
30
6.
3

39
10 15
2

42
80

<»
28
0 94
.0

32
2

13
4

16
10

17
20 5
5
.
3

30
8

83
6 34
.7

5
2
6

14
00

0
13
0

15
2

53
.0

37
.2

82
1

4
1
6

96
3

12
8

31
00 52

.8
52
0

19
6

98
8

54
T2

69
.2 -

75
2

78
4

78
4

24
6

20
32 16
5

24
47 11
3

P
E
R
I
O
D
 

OF
 

R
E
C
O
R
D

19
31
-

19
54
-

19
38
-

19
54
-

19
40

-4
2,

19
50
-

19
63
-

19
51
-

19
64
-

19
63
-

19
10

-1
1,

19
39
-

19
14

-1
7,

19
20

-2
4,

19
26
- 
J4
,

19
35
-

19
b4
-

19
54
-

19
72
-

19
75

-
19
75
-

19
75
-

19
76
-

19
75
-

19
bl
-

19
37

-3
9,

19
66
-

19
39

-
19
39
-

19
39

-
19

37
-5

7,
19
62
-

19
75
-

19
75
-

19
52

-
19
62
-

19
43
-

19
28
-

19
75

-
19

10
-2

3,
19
38
-

19
57

-
19
b8
-

19
42
-

19
61
-

1
9
6
5
-

19
61
-

19
43

-6
2,

19
76
-

19
41

-4
3,

19
52

-5
6,

19
58
-

19
42

-
19

54
-

19
49

-

L
O
C
A
T
I
O
N

SE 8 5 7
22
8 33
2

25 31 18 17 11 31 29 32 36
2 15 14 26 27 11 5 15 15 31 18 35 15 36 23 15 8

35 28 36 29 32 25
7

33 28 19

TS
P

35
N

35
N

31
N

30
N

2
9
N

2
6
N

24
N

24
N

24
N

30
N

27
N

26
N

24
N

23
N

2
0
N

18
N

1
9
N

1
4
N

1
9
N

1
8
N
3
N

1
2
N

1
2
N

1
2
N

1
7
N

1
9
N

1
8
N

25
N

1
8
N
3
N

1
2
N

1
2
N

12
N

14
N

14
N

17
N

17
N

18
N

23
N

21
N

27
N

25
N

2
8
N

R
N
G
E

ll
lw

lo
aw

10
bW

n
o
w

1
1
6
W

11
2W

1
1
5
W

11
2W

ll
lw

10
4W

10
6W

10
bW

10
7W

lo
aw vo
w

99
W

10
3M

10
3W

10
3W

10
7W 12
E

11
7W

11
5W

11
6W

11
3W

11
6W

11
JW

11
7W

10
9W 16
E

10
9W

10
0W 90
W

11
9W

11
9W

U
1
W

12
0M

12
0W

12
0W

11
9W

11
8W

11
9W

11
9W

GAG
E 

1
 EQUIPM

ENT 
1

DW DW DW DW G
M

D
W
G
M

- G
M

O
W G
W

G
W Ow G
W
G
W
G
M
G
M
G
M

G
M Gw OW GM GW GW DW GM GM GM DW GM GW GM GM GW DW GW GW - DW GM G
W GW GW DW

H Is JO Go 3 Y Y Y Y Y Y Y - Y S S Y Y Y Y Y Y Y Y Y Y Y S S Y Y Y Y Y S Y Y S Y Y Y Y - Y Y S Y Y Y

FIEL
D 

OFFIC
E

GR GK GK ti
«

G« 13
H

GR - GH OR GR GR Cj
R

GR CF GH GK GR GR GR GR GR S S GR GW GR GR GR S GR GR CF
,S

U u u u - u GR U U U U

COOPERA
TOR

WS
E

U
S
G
S

WS
E

WS
E

US
GS

WS
E

US
GS

- dK
UC

WS
E

WS
E 

'

BL
M

BR
UC

dt
fU

C
BL

M
BL
M

BL
M

BL
M

BL
M

U
S
G
S

US
E

WS
E

US
E

WS
E

BR
UC

BL
M

B
L
M

U
S
G
S

U
S
G
S

WS
E

U
S
G
S

BL
M

WS
E

- - - - - - BL
M

- - -  "

R
E
M
A
R
K
S

F
U
R
N
I
S
H
E
D
 
BY
 
US
SR

* 
Al
so
 
ch
em
ic
al
 q

ua
li
ty
 
st

at
io

n
# 
Al
so
 
se
di
me
nt
 
st
at
io
n



Ta
bl

e 
1.

 
St

re
am

fl
ow

 
an

d 
re

se
rv

oi
r 

st
at
io
ns
 
(c

on
ti

nu
ed

)

S
T
A
T
I
O
N

S
T
A
T
I
O
N

N
A
M
E

S
N
A
K
E
 
R
I
V
E
R
 
B
A
S
I
N

13
01
05
00

13
01
10
00

13
01
19
00

 
#
1
3
0
T
§
3
0
0

T
3
D
 1
87
50

 
#
1
3
0
2
2
5
0
0

13
02
30
00

13
02

50
00

 
1
3
0
2
7
5
0
0

13
04
65
00

J
A
C
K
S
O
N
 
L
A
K
E
 
N
E
A
R
 
M
O
R
A
N

SN
AK

E 
R
I
V
E
R
 
N
E
A
R
 
M
O
R
A
N

B
U
F
F
A
L
O
 
F
O
R
K
 
A
B
O
V
E
 
L
A
V
A
 
CR
EE
K,
 
N
E
A
R
 
M
O
R
A
N

CA
CH
E 
"C

RE
EK

 
NE
AR
 
J
A
C
K
S
O
N

SN
AK
E 

R
I
V
E
R
 
B
F
L
O
W
 
F
L
A
T
 C
R
E
E
K
 
N
E
A
R
 
J
A
C
K
S
O
N

SN
AK
E 

R
I
V
E
R
 
A
B
O
V
E
 
R
E
S
t
H
V
O
I
R
.
 
NE
AR
 
A
L
P
I
N
E

G
R
E
Y
S
 
H
I
V
E
R
 
AB
OV
E 

R
E
S
t
H
V
O
I
R
,
 
NE
AR
 
AL
PI
NE

SW
IF
T 

C
R
E
E
K
 
N
E
A
R
 
A
F
T
O
N

SA
LT
 
R
I
V
E
R
 
A
B
O
V
E
 
H
E
S
E
K
V
O
I
R
,
 
NE
AR
 
E
T
N
A

bR
AS
SY
 
LA
KE
 
N
E
A
R
 
M
O
R
A
N

P
U
R
-

 
n
i
^
C
T
?

C BC
R

H wr CR CR CP CH CR C

D
R
A
I
N
A
G
E

A
R
E
A

80
7

80
7

3
2
3

T
5
.
6

2
3
4
2

34
65 44
8 27
.4

82
9 10
.4

P
E
R
I
O
D

f
\
V

R
E
C
O
R
D

19
08
-

19
03

-
19
65
-

19
62
-

19
75
-

19
17

-1
8,

19
37

-3
9,

19
53
-

19
17

-1
8,

19
37

-3
9,

19
53
-

19
42
-

19
53
-

19
39
-

L
O
C
A
T
I
O
N

SE 18 18 29
1 3

- 34 29 28 18

TS
P

45
N

4
5
N

4
5
N

4
0
N

3
9
N

- 37
N

J2
N

36
N

4
8
N

R
N
G
E

11
4W

11
4W

11
3W

11
6W

1I
6W

- 1 
IP
-

li
eu

1 
1
9
W

11
6W

e

S
 
H &

_ ow GM Gw OG
M

G
W

j
M GW ow -

ta

*f
a

^
1

. Y Y Y Y Y Y S Y "

fl
H

M
 
(
K
 

t
K
 
t
K
 

O

1 I I 6R I 1 I S I  

% a 1 . - ~ US
fi

S
- - - 4S

E
- "

R
E
M
A
R
K
S

F
U
N
N
I
S
H
E
D
 
BY
 
U
S
S
R

HY
Or

tO
 
B
E
N
C
H
M
A
R
K
 
5T

A

F
U
R
N
I
S
H
E
D
 
BY
 
U
S
S
R

* 
Al

so
 
ch

em
ic

al
 
qu
al
it
y 

st
at

io
n

# 
Al

so
 
se
di
me
nt
 
st

at
io

n



Explanation of abbreviations and codes used in table 2.

Period of Record: The dates given are the calendar years in which records
began or ended. Breaks of less than a year are net 
shown.

Gage Equipment: CSI, crest-stage indicator
S-R, stage-rainfall recorder

Field Office: C, Casper
CF, Cheyenne Field Unit 
GR, Green River
R, Riverton
W, Worland

Cooperator: BLM, Bureau of Land Management 
WHD, Wyoming Highway Department
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Explanation of abbreviations and codes used in table 3.

Period of Record: The dates given are the calendar years in which records 
began or ended. Breaks of less than a year are rot 
shown.

Cooperator: BLM, Bureau of Land Management
BRUC, Bureau of Reclamation, Upper Colorado Region
BRUM, Bureau of Reclamation, Upper Missouri Region
EPA, Environmental Protection Agency Region 8
MRB, Missouri River basin project

USGS, Geological Survey Federal Program
WDA, Wyoming Department of Agriculture

WDEQ, Wyoming Department of Environmental Quality

Sampling Frequency:

Analysis Schedule:

Field Office:

C, continuous (recorder)
D, daily

BW, biweekly
BWM, biweekly and (or) monthly

M, monthly
MW, monthly, except weekly during irrigation reason
MQ, monthly during summer, quarterly during winter
Q, quarterly

HL, high and low flow samples only
I, infrequent or as requested

1. salinity (major constituents)
2. specific conductance
3. daily temperature (observed)
4. bacteria or chemical oxygen demand
5. field determinations of: pH, specific conductance, 

	dissolved oxygen, temperature, and (or) turbidity
6. total coliform, fecal coliform, and (or) feccl 

	streptococcus
7. nutrient
8. trace metals
9. pesticides

10. radiochemical
11. biological
12. miscellaneous

C, Casper
CF, Cheyenne Field Unit
CH, Cheyenne Hydrologic Surveillance Section
CP, Cheyenne project personnel
GR, Green River
R, Riverton
W, Worland
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Explanation of abbreviations and codes used in table 4.

Period of Record: The dates given are the calendar years in which records
began or ended. Breaks of less than a year are not 
shown.

Sampling Equipment: H, hydrographer sample
0, observer sample
P, pumping sampler
S, single-stage samplers

Suspended Sediment Sampling Frequency:
1. samples collected by observer once daily except during periods of 

rapidly changing flow when additional samples are collected.
2. sampled by hydrographer at least once a month all year, with

additional samples collected during periods of rapidly changing flow.
3. sampled by hydrographer at least once a month during open-water 

period and at least twice during extended periods of ice cover.
6. samples collected as requested by cooperator.
7. pumping sampler serviced monthly or more often during periods of 

high runoff.
8. single-stage sampler serviced at least monthly. Samples collected 

by hydrographer if there is flow at time of visit.
9. infrequent sampling, sample when visiting station operated by 

WSE personnel.

Bed Material Sampling Frequency:
3. sample the surficial bed material in the cross section at least 

three times per year (high, medium, and low flow).
4. manual in-situ measurement and analysis of stream-bed material 

(pebble count), at a frequency of once per year (or longer), at 
the discretion of the District sediment specialist.

Laboratory: W, Worland

Cooperator: BLM, Bureau of Land Management
BRUM, Bureau of Reclamation, Upper Missouri Region
MRB, Missouri River basin project
RIV, City of Riverton 

USGS, Geological Survey Federal Program
WSE, Wyoming State Engineer

Field Office: C, Casper
CF, Cheyenne Field Unit
CH, Cheyenne Hydrologic Surveillance Section
GR, Green River
R, Riverton
W, Worland
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Explanation of abbreviations and codes used in table 5.

Lat-Long-Seq No: The first six digits are the latitude in degrees, minutes, and 
seconds. The next seven digits are the longitude in degrees, 
minutes, and seconds. The last two digits indicate the sequence 
number of when the well was inventoried in the event more than 
one well has the same latitude and longitude.

Geologic Unit:
111 ALVM Alluvial deposits 211 LNCE
111 TRRC Terrace deposits 211 MVRD
121 NRPK North Park Formation 211 STEL
121 OGLL Ogallala Formation 217 CLVL
122 ARKR Arikaree Formation 217 LKOT
123 BRUL Brule Formation 221 SNDC
123 WRVR White River Formation or Group 237 SPRF
124 LNEY Laney Shale Member of 317 CSPR

	Green River Formation 317 FRLL
124 WDRV Wind River Formation 317 MNKT
124 WSTC Wasatch Formation 331 MDSN
125 FRUN Fort Union Formation 337 PHSP
211 ALMD Almond Formation 374 FLTD
211 FXHL Fox Hills Sandstone 374 GRVR

Lance Formation
Mesaverde Formation
Steele Shale
Cleverly Formation
Lakota Formation
Sundance Formation
Spearfish Formation
Casper Formation
Forelle Limestone
Minnekahta Limestone
Madison Formation or Group
Pahasapa Limestone
Flathead Quartzite or Sandstone
Gros Ventre Formation

The 7-character geologic unit code given above consists of two parts. The 
first three characters are numeric and identify the Era, System, and Series of 
the rock unit. The next four characters are in alpha mnemonic code for the name 
of the rock-stratigraphic unit.

Numeric Codes for Geologic Age Identification 
Code

Cenozoic
Quaternary

Holocene
Pleistocene 

Tertiary
Pliocene
Miocene
Oligocene
Eocene
Paleocene 

Mesozoic
Cretaceous

Upper
Lower 

Jurassic
Upper
Middle
Lower 

Triassic
Upper
Middle
Lower 

Paleozoic 
Permian

Upper
Lower

100
110
111
112
120
121
122
123
124
125
200
210
211
217
220
221
224
227
230
231
234
237
300
310
311
317

Paleozoic (continued) 
Pennsylvanian

Upper
Middle
Lower 

Mississippian
Upper
Lower 

Devonian
Upper
Middle
Lower 

Silurian
Upper
Middle
Lower 

Ordovician
Upper
Middle
Lower 

Cambrian
Upper
Middle
Lower 

Precambrian

Code

320
321
324
327
330
331
337
340
341
344
347
350
351
354
357
360
361
364
367
370
371
374
377
400

33



Explanation of abbreviations and codes used in table 5 (continued).

Cooperator:

Field Office:

CHEY, City of Cheyenne
USGS, Geological Survey Federal Program 
WSE, Wyoming State Engineer

C, Casper
CF, Cheyenne Field Unit
CH, Cheyenne Hydrologic Surveillance Section 
GR, Green River
R, Riverton 

SD, South Dakota District
W, Worland

Frequency of Observation:
C, continuous (graphic or digital recorder)
M, monthly (12 visits per year)
BM, bimonthly (6 visits per year)
Q, quarterly (4 visits per year)

SA, semiannual (2 visits per year)
A, annual (1 visit per year)
I, infrequent or as required

Period of Record: The dates given are the calendar years in which records began 
or ended. A record consists of one or more measurements 
during a calendar year.
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WATER-RESOURCES APPRAISAL PROJECTS

The numerous water-resources appraisal projects being made in 
Wyoming are described below. The areas of project activity are sl^own in 
figure 10.

Flood investigations in Wyoming

(Project WY 59-010) 

Funds: Wyoming Highway Department and U.S. Geological Survey

The main objective is to obtain sufficient basic hydrologic data 
to define the magnitude and frequency of floods on a regional basr'.s for 
the entire state and to publish the interpretative analyses in easily 
usable form. On request from the cooperator, flood-flow characteristics 
of streams at specific sites will be determined by studying such factors 
as: history of past floods; distribution of flow across the flood- 
plain and main channel; and mean velocities in the main channel and 
overflow areas.

Flood-hazard information, House Document 465

(Project WY 73-022) 

Funds: U.S. Federal Insurance Agency (HUD) and U.S. Geological Survey

The objective is to delineate flood-prone areas on U.S. Geological 
Survey 7^ ? quadrangles and distribute copies of the maps to any one who 
can use them. Quadrangles selected are those covering major streams, 
with priority given to urban areas. The estimated 100-year flood is the 
basis for the delineation.

Water resources of Weston County, Wyoming

(Project WY 74-026) 

Funds: Wyoming State Engineer and U.S. Geological Survey

The objectives are to determine: (1) The distribution (areally and 
vertically) and the thickness of each of the principal aquifers or aquifer 
systems; (2) the movement of water in each of the principal aquifers or 
aquifer systems; (3) the hydraulic characteristics for each principal 
aquifer or aquifer system; (4) the water-bearing properties of subordi­ 
nate aquifers; (5) the volume of ground water in storage; (6) the quality 
of water in each aquifer; (7) the quantity of runoff from small water­ 
sheds; (8) the quality of runoff at gage sites; (9) the effect of 
ground-water withdrawal on water levels; and (10) to evaluate the 
potential for artificial recharge.
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Monitoring waste-water effluent in Yellowstone 
and Grand Teton National Parks, Wyoming

(Project WY 74-027) 

Funds: National Park Service and Teton County

The objectives are to determine: (1) Position of the water table 
and its relation to percolation ponds and nearby surface-water bodies; 
(2) the slope of the water table and thus the direction of movement of 
the effluent; (3) ground-water velocities and thus the time of travel of 
effluent from pond to surface-water body; (4) the vertical zone of move­ 
ment of the effluent; and (5) baseline water quality in the shallow 
aquifers in the vicinity of the percolation ponds.

Water and its relation to economic development 
in the Green River and Great Divide basins in Wyoming

(Project WY 75-030)

Funds: U.S. Geological Survey, with basic-data support funds from 
U.S. Bureau of Land Management

The study is designed to gather information and make available to 
interested industrial, agricultural, and governmental people, interpretive 
reports that describe: (1) The distribution and quality of surface water 
in space and time; (2) relationships between surface water and ground 
water; (3) the distribution, quantity, and quality of ground water; and 
(4) hydrology-related aspects of the environment. Efforts of the study 
are directed toward: (1) Describing the water resources and hydrologic 
relationships that presently exist; (2) developing predictive methods 
that may be used to describe future conditions, including reactions to 
increased water development; and (3) establishing monitoring programs for 
detecting possible changes in water parameters.

Impacts of economic development and water use 
on water resources in the Hanna basin in Wyoming

(Project WY 75-031) 

Funds: U.S. Geological Survey and U.S. Bureau of Land Management

The objectives of the project are to describe the present charac­ 
teristics of the hydrologic environment, to monitor changes in it, and to 
evaluate the effects of those changes. On the surface, peak and annual 
flows, channel geometry, sedimentation rates, erosion rates, uses, and 
quality of water will be investigated. In the subsurface, aquifer charac­ 
teristics, ground-water uses, and pumping amounts will be estimated.
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The approach will be to: (1) Describe streamflow conditions evaluate 
past records, establish three gaging sites for flow measurements, sedi­ 
ment sampling, and chemical quality (use channel-geometry methods where 
necessary); and (2) define aquifer characteristics perform aquifer tests, 
draw potentiometric maps, analyze water quality, and identify recharge 
and discharge areas. The three gaging stations, Hanna Draw near Hanna, 
North Ditch near Coyote Springs, and Big Ditch near Coyote Springs are 
included in the lists of streamflow, chemical-quality and sediment 
stations.

Water resources of the Powder River structural 
basin in Wyoming in relation to energy development

(Project WY 75-032)

Funds: U.S. Geological Survey, with basic-data support funds from U.S.
Bureau of Land Management and U.S. Environmental Protection Agency

The study is designed to gather information and make available to 
industrial, governmental, and other interested people, intrepretive 
reports that describe the water supply in the area and the possible impact 
of planned development on the water resources.

A planning report was prepared during the first year of the project, 
outlining the approach to be used in the study. Techniques included 
are those for determination of aquifer properties, streamflow analysis, 
channel geometry, isotope study, biological assay, water budgets, 
modeling, and geophysics.

Hydrology of Paleozoic rocks in the Powder River 
basin and adjacent areas, northeastern Wyoming

(Project WY 75-033) 

Funds: U.S. Geological Survey

The project is designed to derive a conceptual model of the aquifer 
system to better predict the quantity and quality of water available from 
the Paleozoic rocks and to predict some of the effects of its development, 
Principal objectives are to determine: (1) The distribution, thickness 
and physical properties of the aquifer system; (2) processes that 
developed the present distribution of aquifer parameters in order to 
extend point data to other parts of the aquifer system; (3) the potentio- 
metrie surface and chemical quality of the water in the aquifer system; 
and (4) the effects of increased development of water from the aquifer 
system.
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Evaluation of selected Paleozoic and flood-plain aquifers 
in the Bighorn basin, north-central Wyoming

(Project WY 75-034) 

Funds: Wyoming State Engineer and U.S. Geological Survey

The primary objectives are: (1) To ascertain to the extent possible 
the safe yield of the aquifer system in the Paleozoic rocks without 
causing a substantial decrease in the ground-water storage or a signifi­ 
cant decrease in the amount of artesian pressure, and (2) to delineate 
areas of the flood-plain alluvium where additional well pumpage will not 
cause appreciable decrease in ground-water storage or affect the flow of 
streams adjoining the flood plains. The present study will be concen­ 
trated in the Ten Sleep area in the eastern part of the basin; based on 
results, recommendations will be made regarding additional studies 
elsewhere in the basin.

Algal-growth potential of principal 
North Platte River reservoirs in Wyoming

(Project WY 76-035) 

Funds: U.S. Geological Survey (Missouri River basin program)

Eutrophic conditions may be developing in one or more of the four 
major reservoirs on the North Platte River (Seminoe, Pathfinder, Alcova, 
and Glendo). Oxygen depletion could have an adverse effect on recreational 
use of the reservoirs and on fish habitat. Development of mineral 
resources, particularly coal mining, is taking place at locations adjacent 
to one of the reservoirs. There is no information about the presert state 
of algal growth with which to evaluate the seriousness of the problem, to 
evaluate changes caused by mining activities, or to predict future trends.

The objectives of the study are to: (1) Determine the extent of 
algal growth in the four major reservoirs; (2) evaluate trends in algal- 
growth potential, including effects of effluent from coal-mining activities 
adjacent to the reservoirs; and (3) determine the feasibility of develop­ 
ing a model for predicting algal growth.

The first three years will be devoted exclusively to data collection, 
with analysis of data and preparation of a report scheduled for the fourth 
year. Vertical-profile water samples will be collected monthly (May- 
October) from a boat at sites above the dams and in the principal arms of 
each reservoir. Sampling will also be done twice each winter. Field 
parameters will include dissolved oxygen and temperature. Laboratory 
parameters will include NH, , N02 + NO.,, P, residue, and AGP. A set of 
phytoplankton samples will be collected each year in early spring and in 
late summer for identification of genera. Graphical and statistical 
techniques, such as regression, will be used.
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Preliminary digital model of the Arikaree aquifer 
in the Sweetwater River basin, central Wyoming

(Project WY 76-037) 

Funds: Wyoming State Engineer and U.S. Geological Survey

The objectives of this study are: (1) To develop a preliminary 
digital model of the Arikaree aquifer in the Sweetwater River basin; 
(2) to define the existing stream-aquifer relationship; and (3) to 
evaluate the feasibility of developing a comprehensive digital model of 
the Arikaree aquifer.

Quantitative study of the Tertiary aquifers in 
southern Laramie County, Wyoming

(Project WY 77-038)

Funds: Wyoming State Engineer, Wyoming Department of Economic Planning 
and Development, and U.S. Geological Survey

The objectives are to: (1) Determine the extent of ground-water 
development for irrigation, industry, and public supply and describe the 
effect of this development on water levels and stream discharge in the 
study area, and (2) provide a means of predicting the effects of alterna­ 
tive ground-water management decisions.

Availability of ground water from the Cretaceous and 
Tertiary aquifers of the Fort Union Coal Region

(Project ND 75-071) 

Funds: U.S. Geological Survey

This investigation is a compilation of existing data from South 
Dakota, North Dakota, Montana, and Wyoming of the Tertiary rocks and 
aquifers overlying the Pierre Shale. The objectives of the investigation 
are: (1) To determine the location, extent, and nature of the aquifers 
and confining beds; (2) to evaluate the occurrence and movement of ground 
water, including the sources of recharge and discharge; and (3) to deter­ 
mine the chemical quality of the ground water. This project is being 
done by the North Dakota District, Water Resources Division, U.S. 
Geological Survey, headquartered in Bismarck, North Dakota.
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Runoff and sediment yield from rainfall simulation

(Project CR 74-092) 

Funds: U.S. Geological Survey and U.S. Bureau of Land Management

During the summer of 1976 rainfall simulation studies were conducted 
at three EMRIA (Energy Mineral Rehabilitation Inverntory and Analysis) 
locations in Wyoming. These were at Potter Mountain near Rock Springs, 
Red Rim near Rawlins, and White Tail Butte near Recluse.

Simulated rainstorms of about 1.5 inches in 45 minutes were applied 
to small watersheds of about 3,000 square feet at eleven different sites 
within these study areas. The purpose of the studies was to characterize 
the hydrologic properties of undisturbed areas prior to mining. Runoff 
and sediment production from these simulated storms are being related to 
slope, vegetative cover, soil texture, root development, and antecedent 
moisture.

Plans for operations in Wyoming during 1977 are not definite.

Geochemical survey of waters of 
the western coal regions

(Project CR 75-095) 

Funds: U.S. Geological Survey

It is the goal of this project to efficiently provide data on the 
"natural" or pre-development geochemistry of the waters of the western 
coal regions, with particular emphasis on trace elements that may hrve 
a relationship to health and disease in humans and animals.

To date, sampling and data interpretation of ground water in tb^. 
Fort Union Coal Region has been completed. Sampling of ground water in 
the Powder River basin of Montana and Wyoming has been completed, but 
laboratory results are pending.

Reconnaissance techniques for evaluating the 
rehabilitation potential of energy lands

(Project CR 75-104) 

Funds: U.S. Geological Survey and U.S. Bureau of Land Management

The Public Lands Hydrology Program is participating in EMRIA studies 
in cooperation with the BIM at four locations in Wyoming as the main 
activity of this project. The purposes are: (1) To provide baselire 
data in map and graphic form on vegetation, soil-vegetation-water relations, 
soil erodibility, and sediment yields; (2) to estimate what effect rurface
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mining would have on the above parameters; and (3) to recommend measures 
for minimizing environmental damage if mining occurs. Data have been 
gathered at the following locations: Hanna study area near Hanna, Potter 
Mountain near Rock Springs, Red Rim near Rawlins, and White Tail Butte 
near Recluse. Contributions were made to an Inter-Agency administrative 
report on the Hanna study area which was released by BLM in 1975. Con­ 
tributions to the Inter-Agency report for the Red Rim are in review. 
Contributions for the Potter Mountain and White Tail Butte reports will 
be prepared in 1977.

Another activity of this project is the preparation of a source-area 
sediment-yield map of the areas upstream of the outcrops of surface- 
minable coal in Campbell County, Wyoming. The purpose of the map is to 
provide estimates of sediment yield from small watershed areas in order to 
have a baseline with which to assess possible changes in sediment yield 
caused by surface mining. The map will be based on sediment surveys of 21 
stock reservoirs and characteristics of the associated watersheds in 
Campbell County, in addition to an earlier sediment-yield study in the 
Upper Cheyenne River basin of Wyoming. A draft map of the center one-third 
of Campbell County was prepared in 1976 and preparation of draft maps 
of the other two-thirds of the county is planned for late 1977.

A third activity of this project is a cooperative study with the 
Wyoming District, Water Resources Division and the Regional Geochemistry 
Branch, Geologic Division at the abandoned Hidden Water mine near 
Ranchester, Wyoming. The purpose of the study is to compare the sediment 
yield and geochemistry of a small unmined watershed and an adjacent 
watershed that was surface-mined about 25 years ago but never rehabilitated, 
Sediment surveys were completed in reservoirs at the mouths of the water­ 
sheds and samples were obtained of hillslope, channel and reservoir bottom 
material for particle size and elemental analyses in the fall of 1976. 
A report on this study will be prepared in 1977.

Sorption of residual organic 'substances in retort 
waters by spent oil-shale residues

(Project CR 75-181) 

Funds: U.S. Geological Survey

The analytical techniques used to concentrate, separate, and classify 
natural organic solutes in water (Leenheer and Huffman, 1976) were scaled 
up and applied to aqueous-process wastes from oil-shale retorting opera­ 
tions such that gram-sized quantities of these waste organic solutes were 
isolated for further study. This large-scale separation was necessary 
for the study of the sorption of these waste organic solutes upon 
processed shale, soil, and sediment after disposal of the aqueous- 
process wastes. The goal of this research is to provide the analytical 
methodology which can be used to provide the sorption parameters needed 
in organic-solute transport models of wastes in surface and ground water.
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Hydrology of the Madison aquifer

(Project CR 76-192) 

Funds: U.S. Geological Survey

The objectives of the project are to evaluate the Madison Limertone 
and associated rocks as a source for water supplies and to provide the 
necessary information for an orderly development of the aquifer. Tb°. 
study area includes 188,000 square miles in eastern Montana, westerr 
North and South Dakota, a small part of northwestern Nebraska, and rorth- 
eastern Wyoming. The Wyoming part comprises about 32,000 square miles.

During calendar year 1976, as a part of the regional evaluatior of 
the geology, hydrology, and geochemistry of the Madison aquifer, a 
4,341-foot test well was completed and another test well to be drilled 
to a depth of about 9,800 feet was begun.

Madison Test Well No. 1, in section 15, T.57 N., R.65 W., Crook 
County, Wyo., was completed as a Precambrian test in October 1976. 
Twenty-two cores were taken at selected intervals and 16 drill-stem and 
packer tests were made. Geophysical logs available include electric, 
induction electric, gamma, guard, neutron, acoustic, density, 3-dimensional 
velocity, temperature, and caliper.

Madison Test Well No. 2 was begun November 17, 1976. It is in 
section 18, T.I N., R.54 E., Custer County, Mont.
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