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IDENTIFICATION READS...IDAHQ 29 RED TOP VITRO

s

| | SPECIES INPUT [ CATION  CONP  INPUT DRY DX WET 01
dod . | NTPCT| PONT  ERROR MOLPCT MOLPCT MOLPCT
|
eatoc ol | s wae] s143 000 T T 7798
[ T2 053] 038 0.00 044 044 0.44
W Y T g ooe] o oo 0.0
U o C 0 A203 12.00] 1461 0.00 8.45  B.45 8.5
e ¢ . CR203  0.00] 0.00 0.00 0,00
- O FE203  0.00] 0.00 .00  0.00 0.00 0.0
FEO 3.82] 3.05 0.00 352 352 352
W0 0.08] 0.06 0.07 007  0.07
NG 0.00] 0.00 0.00
#8002 046 0.00  0.53  0.53  0.53
coa Ll 165 000 190 190 1.%0
sko 0.000 0.00 0.00 0.0 0.0
B3 0.00) 0.00 0.00
M0 3.18| 5.8 0.00 3,40 3.40  3.40
k527 641 000 AT A 3
' p20s  0.08] 0.07 0.00 0.04
he 000 0.00 0.00
HWO- 0.0
. S03 0.0 0.00 0.00 0.00
‘g 0.00 0.00 0.0
L 0.0 0.00 0.0
F .00 001 0.00
2 .00 0.00 0.00 0.0
TOTAL 98,59
-0<F,CL 98.59
WO 98.59
NT PCT  MOLPCT NT PCT MOLPCT
MPL (7.3 16,48  FA/GL  0.00  0.00
ENHY 11,34 14,39 DIFNDX  83.91 86,14

CIpw ANokm
[ WIN- WOLE WEISNT  MIN-
ERAL  PCNT  PONT  ERAL
@ 2467 258 OL
¢ 0.00 0.00 (FO)
1 0.00  0.00 (FA)
0R 32,06 31.14 CS
PL 3521 32.5¢ AT
(AB) 29.41 26.91 (M
() 5.80 563 IL
LC 0.00 0.00 KM
NE 0,00 0.00 TN
P 0.00 0.0 PF
B 0.00 0.00 RU
™ 0,00 000 AP
AL 0.00  0.00 FR
NS 0.00 0.00 PY
1 KS  0.00 0.00 CC
j w0 0.00 0.00
M 149 1.58 SALIC
[ (W0)  0.74 075 FEMIC
N 01 0,09
| (F9)  0.64 0.73 TOTAL
HY  5.64 6.27
(EN)  0.81 0.71
(F)  4.83  5.56
NT PCT  KOLPCT
(NARK) /AL 97.87 84,12
(FEHN)/ (FE+NNSMG)  93.96  87.13

NOLE

WE1GHT

PCNT  PCNT
0.00  0.00
0.00 0.0
0.00  0.00
0.00  0.00
0.00  0.00
0.00 0.00
0.75  1.00
0.00  0.00 |
0.00  0.00 |
0.00  0.00 !
0.00 0.00
0.18  0.20 !
0.00  0.00 :
0.00  0.00
0.00  0.00 |
91.9¢ 89,55
8.06  9.04 ;
100.00 98.59
NA20/ (NA20+K20)

TERNARY D

NT PCT  MOLPCY

e 30.82
AB 32.07
m® 3.1

0 61.54
NE 17.37
kP 21.09

AR 8.85
AB 42,25
R 48.90

A 67,10
F 30.33
N 2.56

TAGRANS

66.74
13.91
17.35

80.03
9.36
10.42

8.63
LX)
47.66

63.68
.5
4.75

WT PCT MOLPCT )
.63 47.84

i
FEO/(FED+FE203) 100.00 100.00 /)

&ssorled

vaheS



IDENTIFICATION READS...IDAHO 29 RED TOP VITRO

SPECIES INPUT CATION  COMP  INPUT DRY DX WET OX MIN-  MOLE WEIGHT  MIN-  NOLE WEIGHT  TERNARY DIAGRAMS
WT PCT PONT  ERROR NOLPCT MOLPCT NOLPCT ERAL  PCNT  PCNT  ERAL  PCNT  PONT

102 7070 67.43 0,00 7295 77.98 77.98 @ 2467 25.85 OL  0.00 0,00 WT PCT  NOLPCT
702 053 038  0.00 0.44  0.44  0.44 C 000 000 (FO) 0.00 0,00

IRO2 000 0.00 0.00 0.00 1 0.00 0.00 (FA) 0,00 0.00 @ 30.82 66.74
AL203  13.00 14.61  0.00 8.45 8.45 8.45 OR 3206 3L.14 CS  0.00 0.00 AB 32.07 15.91
CR203  0.00  0.00 0.00 0.0 PL 3521 32,5 AT 0.00 0.00 OR 37.11 17.35
FE203  0.00 0.00 0,00 0,00 0.00 0,00 (AB) 29.41 26,91 CH  0.00  0.00

FEO  3.82  3.05 0.00 3.5 3.5 3.52 (M) 5.80 S5.63  IL 075 1.00

WO 0.08  0.06 0.07  0.07  0.07 L 0.00 0.00 Kt 000 0.0 @ 61.5 80.03
NID 0.00  0.00 0.00 NE 000 0.00 TN 0,00 0.00 NE 17.37  9.56
M0 0.32  0.46 0,00 0.5 0.5 0.53 P 0.00 0,00 PF 0,00 0.00 KP 20,09 10.42
CA0 161 1.65 0,00 1,90 190 1,90 WL 0.00 0,00 RU  0.00 0.00

SR0 0.00  0.00 0.00  0.00 0.0 ™ 0.00 000 A 0.8 0,20

BAQ 0.00  0.00 0.00 AL 0.00 0,00 FR 000 0.00 AN B.85  8.63
NAZS 318 5.88 0,00 3.40 3.40  3.40 NS 0,00 0.00 PY  0.00 0.00 AB 42.25 43.7
K20 5.27 640 0,00 371 371 3T KS  0.00 0.00 € 0.0 0.00 OR 4B.90 47.66
P05  0.08  0.07  0.00  0.04 80 0.00  0.00

20+ 0.00 0.00 0.00 Bl 1.49 1.58 SALIC 91.94 B9.55 A £7.10 63.68
H20-  0.00 (0)  0.74 0.75 FEMIC 8.06 9.04 F 30.33 31.57
503 0.00 0.00 0.00 0,00 (EN) 0.1  0.09 N 256  4.76
s 0.00 0.00  0.00 (F$)  0.64 073 TOTAL 100.00 98.59

e 0.00 0.00  0.00 W 564 6.27

F 0.00 -0.01  0.00 (M) 0.81 0.7

02 0.00 0.00 0.00 0.00 (F$) 4.83 5.5

TOTAL  98.59
-0=F,CL 98.59
-0 98.59

NT PCT MOLPCT NT PCT MOLPCT NT PCT MOLPCT NT PCT MOLPCT
AN/PL  17.31  16.48 FA/QL  0.00  0.00 (NA+K)/AL  97.87 84.12  NA20/(NA20+K20) 37.63 47.84
EN/HY 11,34 14,39 DIFNDX 83.91 B6.14  (FE+MN)/(FE+MN+M&) 93.96 87.13 FEQ/(FEO+FE203) 100.00 100.00




IDENTIFICATION READS...IDAHO 30 R T BAKED ASH

SPECIES INPUT

5102
1102
IR0?
AL203
CR203
FE203
FED
KNO
NIO
H60
CAD
SRO
BAD
NAZ20
X20
P205
H20+
H20-
503
S
oL
F
002

TOTAL

-0=F,C

-H20

NT PCT

66.80
0.63
0.00

14.87
0.00
0.00
4.37
0.10
0.00
0.97
1.87
0.00
0.00
2.11
3.88
0.06
0.00
0.00
0.00
0.00
0.00
0.00
0.00

95.66

L 95.66

95.66

CATION
PONT

66.09
0.47
0.00

17.34
0.00
0.00
3.62
0.08
0.00
1.43
1.98
0.00
0.00
4.05
4.90
0.05

0.00

0.00

conp
ERROR

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00

WT PCT MOLPCT

AN/PL
EN/HY

2.2

23.21

A9
30.69

INPUT
NGLPCT

76.11
0.54
0.00
9.98
0.00
0.00
4.16
0.09
0.00
1.63
2.28
0.00
0.00
2.33
2.82
0.03
0.00

0.00
0.00
0.00
0.00
0.00

FA/OL
DIFNDX

DRY OX
NOLPCT

76.13
0.54

9.99

1.65
2.28
0.00

2,33

NET OX
MOLPCT

76.13
0.54

9.99
0.00
4.17
0.09

1.63

WT PCT MOLPCT

0.00
.92

0.00
75,33

MOLE WEIGHT

NIN-

ERAL  PCNT
a 30.80
c 4.60
[4 0.00
0R  24.48
PL 29.72

(AB) 20,24
(AN)  9.49
Le 0.00
NE 0.00
Kp 0.00
HL 0.00
TH 0.00
AC 0.00
NS 0.00
KS 0.00
W0 0.00
1 0.00
(NO)  0.00
(EN)  0.00
(FS)  0.00
HY 9.31
(EN)  2.86
(FS)  6.40

(NA+K) /AL
(FE+NN) / (FE+MN+NE)

PCRT

31.13
3.95
0.60

22.93

26.73

17.85
8.88
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
9.57
2.4
7.16

NT PCT
60.82
83.39

HIN-
ERAL

oL
(FO)
(FA)
cs
Nt
cH
IL
HN
N
PF
RU
AP
FR
PY
cc

SALIC
FEMIC

TOTAL

HOLPCT
5t.58
72.12

MOLE WEIGHT
PCNT  PONT
0.00  0.00
0.00  0.00
0.00  0.00
0.00  0.00
0.00  0.00
0.00 0.00
0.94 1.20
0.00 0,00
0.00 0.00
0.00 0.00
0.00 0.00
0.14  0.14
0.00 0.00
0.00  0.00
0.00 0.00
89.61 84.74
10,39 10.92
100,00  95.66
NA20/(NA20+X20)
FEQ/(FEQ+FE203)

TERNARY DIAGRANS

AB
R

NE
Ke

AN
AB

- >

NT PCT

.29
24.83
31.88

68.43
13.45
18.12

17.88
35,95
46,17

52.87
38.57
8.35

HOLPCT

77.50
10.18
12.32

B4.48
71.02
8.50

17.50
37.33
45.17

46.99
37.99
13.02

NT PCT MOLPCT
35.23
100.00 100.00

43.25



SPECIE

5102
T102
IR02
AL203
CR203
FE203
FEO
HNO
NIO
M50
CAD
5RO
BAD
NA20
x20
P205
K20+
H20-
503
5
oL
F
€02

1éAL

IDENTIFICATION READS...[DAHO 31

§ INPUT
NT PCT

73.05
0.49
0.00

12.24
0.00
0.00
3.36
0.07
0.00
0.29
1.19
0.00
0.00
3.32
2.9
0.08
0.00
0.00
0.00
0.00
0.00
0.00
0.00

97.20

-0=F,CL 97.20

-H20

97.20

CATION
PCNT

71.05
0.36
0.00

14.03
0.00
0.00
2.90
0.06
0.00
0.42
1.24
0.00
0.00
6.26
3.61
0.07

0.00

0.00

conp  INPUT
ERROR  MOLPCTY
0.00 80.73
0.00 0.41
0.00 0.00
0.00 7.97
0.00 0.00
0.00 0.00
0.00 3.29
0.06

0.00

0.00 0.48
0.00 1.41
0.00

0.00

0.00 3.56
0.00 2.05
0.00 0.04
0.00

0.00 0.00
0.00 0.00
0.00 0.00
=0.0t  0.00

0.00  0.00

NT PCT MOLPCT

AN/PL
EN/HY

16,03
11.08

13.25 FA/0L
14,07  DIFNDX

R T WELDED ASH

DRY OX MET DX
HOLPCT MOLPCT
80.76  80.76
0.41  0.41
197 1.97
0.00  0.00
.29 329
0.06 0.06
0.48 0.48
1.4 1.4
0.00  0.00
3.56  3.56
2,05 2,05
0.00

HT PCT NMOLPCT
0.00 0.00
82.47 85.53

MOLE WEIGHT

HIN-

ERAL  PONT
e 36.16
[ 1.91
14 0.00
OR  18.05
PL 36.94

(AB)  31.31

(AN} 5.63
LC 0.00
NE 0.00
KP 0.00
HL 0.00
TH 0.00
AC 0.00
NS 0.00
KS 0.00
W0 0.00
) 0.00

(¥0)  0.00

(EX)  0.00

(FS)  0.00
HY 6.04

(EN)  0.85

(FS)  5.19

(NA+K) /AL
(FE+NN) / (FE+HN4NG)

PCNT

37.18
1.66
0.00

17.20

33.45

28.09
5.36
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
6.39
0.73
5.86

HT PCT
75.31
%4.10

HIN-
ERAL

oL
(FO)
(FA)
s
Ol
CH
IL
Ll
N
PF
RU
AP
FR
PY
cc

SALIC
FEMIC

TOTAL

NOLPCT
70.35
87.42

MOLE WEIGHT
PCNT  PCNT
0.00 0.00
0.00  0.00
0.00 0.00
0.00  0.00
0.00 0.00
0.00 0.00
0.72  0.93
0.00  0.00
0.00  0.00
0.00 0.00
0.00  0.00
0.18  0.20
0.00 0.00
0.00 0.00
0.00 0.00
93.06 89.49
6.9¢ 7.1
100.00 97.20
NA20/ (NA20+K20)
FEQ/(FEQ+FE203)

TERNARY DIAGRANS

!
AB
OR

0
NE
Kp

AN
AB
0R

A
F
N

WT PCT

45.08
H.0
20.85

69.70
18.45
11.85

10.59
53.46
33.95

61.79
35.3
2.9

HOLPCT

78.56
13.60
7.84

84.99
9.32
5.49

10,24
36,93
32.83

59.78
35.07
3.14

WT PCT MOLPCT
33.29 63.42
1060.00 100.00




IDENTIFICATION READS...IDAHC 32 M 2

SPECIES INPUT CATION

5102
1102
IR02
AL203
CR203
FE203
FED
HNO
NIO
M60
CAO
SRO
BAD
NA20
K20
P205
H20+
H20-
503
S
o
F
c02

TOTAL

-0=F, ¢

-H20

conp
ERROR

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00
-0.01
0.00

19.79

WT PCT  PCNT
£8.80 67.15
0.56  0.41
0.00 0.00
12,63 14.83
0.00 0.00
0.00  0.00
4,26 3.48
0.08  0.07
0.00 0.00
0.33  0.5¢
1.87 1.9
0.00  0.00
0.00  0.00
2,95  §5.60
4.95 b.16
0.10  0.09
0.00
0.00
0.00  0.00
0.00
0.00
0.00
0.00 0.00
96.60
L 96.60
96.60
WT PCT MOLPCT
AN/PL - 20.73
EN/HY 11,99

15.18

INPUT
HOLPCT

71.35
0.47
0.00
8.37
0.00
0.00
4.04
0.08
0.00
0.65
2,25
0.00
0.00
3.3
3.55
0.03
0.00

0.00
0.00
0.00
0.00
0.00

Fa/0L
DIFNDX

DRY OX
HOLPCT

11.39
0.47

8.7
0.00

4.01
0.08

NET OX
NOLPCT

77.39
0.47

8.37
0.00
4.01
0.08
0.65
2,25
0.00

3.23
3.35

0.90

NT PCT MOLPCT

0.00
79.87

0.00
83.79

HIN-  MOLE
ERAL  PCNT
g 24.95

¢ 0.00

l 0.00

R 30.82

PL 3492

(AB)  28.01
(AN) 6,91
Lc 0.00

NE 0.00

X 0.00

HL 0.00

H 0.00

AC 0.00

NS 0.00

KS 0.00

L[t} 0.00

DI 1.7

(ND)  0.86
(EN)  0.13
(FSY  0.73
HY 6.34

(EN) 0.9
(FS)  3.55
(NA+K) /AL

(FE+HN) / (FE+NNHG)

WEIGHT
PCNT

25.57
0.00
0.00

29.25

31.60

23.05
.56
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.78
0.85
0.11
0.82
7.09
0.85
6.24

NT PCT
94.32
92.35

HIN-
ERAL

8
(FD)
(FA)
s
T
cH
it
HM
™
PE
RU
AP
FR
PY
cc

SALIC
FENIC

TOTAL

HoLPCY
80.37
86. 32

MOLE HWEIGHT

PCNT  PCNT
0.00 0.00
0.00  0.00
0.00  0.00
0.00  0.00
0.00 0.00
0.00 0.00
0.81 1,03
0.00 0.00
0.00 0.00
0.00  0.00
0.00  0.00
0.23  0.25
0.00 0.00
0.00  0.00
0.00  0.00
90.70 86.43
9.30 10.17
100.00  96.60
NA20/(NAZ0+K20)
FE0/(FED+FEZ02)

TERNARY DIAGRAMS

]
AB
OR

e
NE
Ke

AN
AB
R

A
F
N

WT PC

32.02
31.36
36.62

62.20
16.99
20,81

10.78
41.16
48.07

§3.00
33.93
.07

T MOLPCY

67.97
15,25
16.78

80.48
9.30
10.23

10.51
42.81
46.88

39.29
35.08
3.66

WT PCT MOLPCT
37.42
100,00 100.00

47.61




IDENTIFICATION READS...IDAHO 34 ASH BETMEEN TRIPLE UNRIT 2

SPECIES INPUT CATION  COMP
WTPCT  PCNT  ERROR
SI02  72.30 7144 0.00
T2 0.5 0,38 0.0
IRO2  0.00 0,00 0.00
A203 11,33 13.27 0,00
CR203  0.00 0,00  0.00
FE203 0,00  0.00 0,00
FEO  2.88 2,38 0.00
MNO  0.05  0.04
ND 0.00 0,00
60 0.42 0,62  0.00
CA0 128 1.3 0.00
SRO 0.00 0.00
BAG 0.00  0.00
NA20  2.33 446 0.00
X200 479 5.04 0.0
P05 0.03 0,03 0.0
H20+ 0,00
H20-  0.00
$03  0.00 0,00 0.00
S 0.00 0.00
cL 0.00 0.00
F 0.00 0.00
02 0.00 0,00 0.00
TOTAL 9598
-0=F,CL 95.98
H20  95.98
NT PCT  MOLPCT
ANPL 2379 2273
EN/HY 1866 23.16

INPUT
HoLeCY

81.08
0.43
0.00
7.53
0.00
0.00
2.70
0.03
0.00
0.70
1.54
0.00
0.00
2,53
3.4
0.0!
0.00

0.00
0.00
0.00
0.00
0.00

FA/OL
DIFNDX

DRY OX
HOLPCT

81.09
0.43

1.53

0.00
.70
0.05

0.70
1,34
0.00

2.53
3.43

WET OX NIN-

HOLPCT ERAL
81.09 !
0.43 ¢
l

1.53 0rR

PL

0.00 (AB)

2.70 (AN)

0.05 Lc

NE

0.70 Kp

1.34 HL

0.00 TH

AC

2.53 NS

3.43 XS
N0

0.00 DI

(KD

(EN)

(FS)

HY

(EN)

(FS)

HT PCT  MOLPCY
0.00 (NA+K) /AL
87.16  (FE+MN)/(FE+NN+MB)

0.00
B3.08

HOLE
PCNT

34.65
0.14
0.00

30.19

28.89

22,22
6.57
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
5.32
1.23
4.09

NEIGHT
PCNT

35.06
0.12
0.00

28.31

25.87

19.72
6.13
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
5.38
1.04
4.54

WY PCT
9%4.64
90.03

NIN-
ERAL

oL
(F0)
(FA)
cs
KT
o
IL
HN
™
PF
RU
AP
fR
PY
e

SALIC
FEMIC

TOTAL

MOLPCT
79.17
79.73

MOLE WEIGHT

PCNT  PCNT
0.00 0.00
0.00  0.00
0.00  0.00
0.00  0.00
0.00  0.00
0.00 0.00
0.76 0.9
0.00  0.00
0.00  0.00
0.00  0.00
0.00  0.00
0.07  0.07
0.00  0.00
0.00  0.00
0.00  0.00
93.86 89.36
6.14  6.62
100.00  93.98
NAZ0/(NA20+K20)

TERNARY DIAGRAMS

AB
R

NE
Kp

AN
AB
R

A
F
)

KT PCT MOLPCT

42,20
.73
34.07

67.79
12.86
19.36

11,36
36.39
52.23

68.34
27.64
4.01

76,74
9.89
13.27

84.13
b.73
9.13

11.12
31.78
51.10

63.68
28.86
7.41

WT PCT  MOLPCY
32.72
FEQ/(FED+FE203) 100.00 100.00

42.51




IDENTIFICATION READS...IDAHO 35 MIDDLE VITRO - TRIPLE UNIT

SPECIES INPUT CATION

5102
1102
IR02
AL203
CR203
FE203
FED
MNO
NIO
180
CAQ
SRO
BAQ
NA20
K20
P205
H20+
H20-
503
§

L

F

€02
TOTAL
-0<F, ¢
-H20

comp
ERROR

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00
-0.01
0.00

17.14

NT PCT  PCNT
713.4 72,16
0.47  0.34
0.00 0.00
1.1 1B
0.00  0.00
0.00 0.00
2,89 238
0.05  0.04
0.00  0.00
0.2¢  0.35
1,06  1.12
0.00  0.00
0.00  0.00
2.61 497
400 35.02
0.06  0.05
0.00
0.00
0.00 0.00
0.00
0.00
0.00
0.00 0.00
96.30
L 96.50
96.50
WT PCT MOLPCY
AN/PL 18,00
EN/HY  11.25

14.28

INPUT
noLecT

B1.82
0.39
0.00
7.69
0.00
0.00
2.69
0.05
0.00
0.39
.27
0.00
0.00
2.82
2.84
0.03
0.00

0.00
0.00
0.00
0.00
0.00

FA/OL
DIFNDX

DRY OX WET OX BIN-  NOLE
NOLPCT  MOLPCT ERAL  PCNT
81.85 B1.83 o .
0.39  0.39 ¢ 1.52
1 0.00
7.69  7.89 R  25.08
Pl . 30.02
0.00  0.00 (AB)  24.87
2.69  2.89 (AN)  5.15
0.05  0.05 Le 0.00
NE 0.00
0.39  0.39 KP 0.00
1,21 1.7 HL 0.00
0.00  0.00 TH 0.00
AC 0.00
2.82  2.82 NS 0.00
2,84 2.84 KS 0.00
N0 0.00
0.00 DI 0.00
(N3) 0,00
(EN)  0.00
(FS)  0.00
HY 4.84
(EN)  0.69
(FS)  4.15

T PCT MOLPCT
0.00 . 0.00 (NA+K) /AL

84,08 87.66  (FE+MN)/(FE+MN+MG)

WEIGHT
PCNT

38.36
1.3!
0.00

23.64

26.93

22.08
4.85
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
.23
0.59
4.64

T PCT
84.82
94. 14

NIN-
ERAL

oL
(FO)
(FA)
Cs
Ll
CH
IL
HN
™
PF
RU
AP
fR
PY
cc

SALIC
FEMIC

TOTAL

HOLPCTY
73.64
87.50

NOLE WEIGHT
PCNT  PCNT
0.00  0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00  0.00
0.00  0.00
0.69  0.88
0.00 0.00
0.00  0.00
0.00  0.00
0.00  0.00
0.14  0.15
0.00 0.00
0.00 0.00
0.00 0.00
94.33  90.24
5.67  6.26
100.00  96.50
NA20/ (NA20+K20)
FEO/(FEO+FE203)

TERNARY DIAGRANS

AB
OR

NE
Kp

N
AB

e I

N

WT PCT

43.62
26,27
28.11

69.80
14.23
15.98

9.59
41.67
46.74

67.89
29.68
2.42

MOLPLT

79.05
10.43
10.52

83.24
71.35
1.41

9.34
45. 14
45.932

64.73
30.79
4.43

WT PCT MOLPCT

39.49

44.79

100.00 100.00




SPECIE

5102
1102
IR02
AL203
CR203
FE203
FEQ
MNO
N1O
MG0
CAQ
SRO
BAD
NAZ20
K20
P205
H20+
H20-
503
5
oL
F
€02

TOTAL

-0=F,C

-H20

IDENTIFICATION READS...IDAHO 36 MEM 82

conp
ERROR

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00
-0.01
0.00

18.90

S INPUT CATION
NT PCT  PCNT
71,40 70.48
0.47  0.33
0.00  0.00
12,20 14.19
0.00 0,00
0.00  0.00
LB 30
0.07 0.06
0,00  0.00
0.27  0.40
1,38 1.46
0.00 0.00
0.00 0.00
3.02 5.78
3.3 42
0.08  0.07
0.00
0.00
0.00  0.00
0.00
0.00
0.00
0.00 0.00
95.87
L 95.87
95.87
NT PCT MOLPCT
AN/PL 19.82
EN/HY  10.05

12.80

INPUT
HoLeCY

80.21
0.40
0.00
8.08
0.00
0.00
3.4
0.07
0.00
0.45
1.66
0.00
0.00
3.29
2.40
0.04
0.00

0.00
0.00
0.00
0.00
0.00

FA/OL
DIFNDX

DRY OX
HOLPCT

80.24
0.40

8.08

0.00
3.41
0.07

0.45
1.66
0.00

NET OX
HOLPCT

B80.24
0.40

8.08

NT PCT MOLPCT

0.00
80.49

0.00

MIN-  MOLE
ERAL  PCNT
@ 34.69

¢ 1.50

1 0.00

R  21.09

PL  35.63

(AB) 28.90
(aN) 673
Lc 0.00

NE 0.00

KP 0.00

HL 0.00

TH 0.00

AC 0.00

NS 0.00

KS 0.00

i} 0.00

DI 0.00

(¥0)  0.00
(EN)  0.00
(FS)  0.00
HY 6.21

(en) 0.7
(FS)  5.4]
(NA+K) /AL

B4.68  (FE+MN)/(FE+NN+MG)

WEIGHT
PCNT

35.14
1.29
0.00

19.80

31.87

23.33
6.32
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
6.89
0.67
6.02

NT PCT
17.717
94.64

NIN-
ERAL

o
(FO)
(FA)
s
T
e
L
A
™
PF
RU
AP
FR
PY
¢

SALIC
FEMIC

TOTAL

MOLPCT
70.44

88.49

NOLE WETEGHT

PCNT  PCNT
0.00 0.00
0.00  0.00
0.00 0,00
0.00  0.00
0.00 0.00
0.00  0.00
0.70  0.89
0.00  0.00
0.00  0.00
0.00  0.00
0.00 0.00
0.18 0.19
0.00  0.00
0.00  0.00
0.00  0.00
92.91 88.10
.09 1.78
100.00  95.87
NA20/ (NA20+K20)
FED/(FEQ+FE203)

TERNARY DIAGRANS

AB
R

NE
KP

AN
AB
R

A
F
A

NT PCT

43.66
31.75
24.60

68.82
17.20
13.98

12.23
49.46
38.31

62.03
35.3%
2.63

NOLPCT

77,82
12,94
9. 44

84,34
8.94
6.52

11.87
50.93
37.18

59.36
R0
4.73

NT PCT MOLPCT

47.41

57.81

100.00 100.00



SPECIES INPUT CATION  COMP
WT PCT  PCNT  ERROR
SI02  65.87 6573 0.00
1102 0.61  0.46  0.00
IRO2 0,00 0.00 0.00
AL203 11,83 13,91  0.00
(R203  0.00 0,00 0,00
FE203 0,00  0.00  0.00
FEG  3.81 3.8 0.0
MNO  0.07  0.06
NID 0,00 0,00
60 0.50 074  0.00
CAD 474  5.07  0.00
SRO 0,00 0.00
BAD  0.00  0.00
NA20  2.86  5.53 0.0
K20 410 5.22  0.00
P20S 011 0.10 0,00
W20+  0.00
H20- 0,00
503 0,00  0.00 0,00
5 0.00 0.00
e 0.00 - 0.00
f 0.00 -0.02
€02 0.00  0.00 0.0
TOTAL  94.50
~0=F,CL 94.50
20 94.50
WT PCT  MOLPCT
MPL 226 2.2
EN/HY 16,81 20,99

IDENTIFICATION READS...IDAHO 27 TOP TRIPLE UNIT

INPUT
HoLPCT

75.02
0.52
0.00
7.9
0.00
0.00
3.63
0.07
0.00
0.84
3.78
0.00
0.00
3.16
2,98
0.05
0.00

0.00
0.00
0.00
0.00
0.00

Fa/GL
DIFNDX

DRY OX
NOLPCT

75.06
0.52

7.94

0.00
3.63
0.07

0.84
5.79
0.00

3.16
2,98

NET 0X
NOLPCT

75.06
0.52

7.9

¥T PCT HOLPCT

0.00
71.94

0.00
.23

MIN-  MOLE
ERAL  PCNT
2 23.46

¢ 0.00

l 0.00

R 26,10

PL 35,57

(AB) 27.87
(AN)  7.90
L 0.00

NE 0.00

Kp 0.00

HL 0.00

TH 0.00

AC 0.00

NS 0.00

L¢] 0.00

W 0.00

I 13.3

(NO) 6,65
(EX)  1.40
(FS) 5,26
HY 0.29

(EN)  0.08
(FS) 0.3t
(NA+K) /AL

(FE+MN) / (FE+UN+MG)

NEIGHT
PCNT

23.51
0.00
0.00

24,23

31.53

24.20
1.33
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

13.40
6.43
1.17
3.78
0.41
0.07
0.34

WT PCT
88.25
90.96

HIN-
ERAL

o
(FD
(FA)

s

Nt

e

It

M

™

PF

RU

AP

IR

PY

e

SALIC
FEMIC

ToTAL

HOLPCT
77.28
81.42

HOLE WEISHT
PCNT  PCNT
0.00 0.00
0.00 0,00
0.00  0.00
0.00  0.00
0.00  0.00
0.00  0.00
0.91  1L.15
0.00  0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.26 0.27
0.00  0.00
0.00  0.00
0.00  0.00
85.13 19.27
14.87 15,23
100.00 94.30
NAZ0/ (NA20+K20)
FEQ/(FEQ+FE20D)

TERNARY DIAGRANS

NT PCT

g 32.68
AB 33.64
OR 33.68

B 62,64
NE 18.22
kP 19.14

AN 13,15
AB 43.40
O0R 43.45

A 6177
33.62
4.41

=™

MOLPCT

68.57
16.17
15.26

80.70
9.93
9.37

12.82
44.87
42.32

57.84
34.21
1.95

HT PCT HOLPCT

41.09

51.46

100.00 100.00




IDENTIFICATION READS...SOUTH HILLS GUL3-1

SPECIES [INPUT CATION

PCNT

71.47
0.23
0.00

13.93
0.00
0.00
.77
0.03
0.00
0.19
0.61
0.00
0.00
3.1
7.00
0.06

- 0.00

0.00

coup
ERROR

0.00
0.00
0.00
0.00
0.00

. 0.00

0.00

0.00
0.00

0.00
0.00
0.00

0.00
0.60
0.00
-0.0t
0.00

NT PCT HOLPCT

WT PCT
5102 73.70
Tz 0.3
IRD2 0,00
A203 11,84
CR203  0.00
FE203 0,00
FEO 2,18
WO 0.04
NID 0.0
G0 0.13
CAD  0.59
R0 0.00
BAD 0.00
M2 2.72
K2 5.86
P05 0.07
H20+ 0,00

M- 0.0
503 0.0
§ 0.00
eL 0.00
F 0.00
ez 0.00

TOTAL  97.24

-D=F,CL 92.24

20 9.4
ANJPL
ENJHY

9.69
8.34

9.18
10.68

INPUT
HOLPCT

OO W O SN OO SN NNO

e e » - - - - - - -
S W WO OO N O WIWO oo O O v

0.00
0.00
0.00
0.00
0.00

FA/OL
DIFNDYX

DRY OX
HOLPCT

82.04
0.26

wn

0.00
2.03
0.03

0.22
0.70
0.00

NET OX
HaLpcyY

82.04
0.26

.n

0.00
2.03
0.03

0122
0.70
0.00

UT PCT MOLPCT

0.00
89.79

0.00
92.91

MIN-  MOLE
ERAL  PCNT
e 2.3

C 0.8

1 000
R 350
PL 28,16
(AB)  25.57
(AN 2.59
L& 0.00
NE 0,00
P 0.00
L 0.00
T 0.00
A 0.00
NS 0.00
kS 0.00
WO 0.00

0 0.00
WD 0.00
(BN} 0.00
(FS) 0.0
B 3.52
(EN)  0.38
(F5)  3.14
(NA#K) /AL
(FE+HN) / (FE+HN+HG)

WEIGHT
PCNT

33.33
0.33
0.00

233,43

25.49

23.02
2.47
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0,00
0.00
0.00

0.00

0.00
3.88
0.32
3.56

NT PCT
107.18
95.65

HIN-
ERAL

oL
(FD
(FA)
cs
MT
N
IL
Hit
™
PF
RU
AP
FR
PY
et

SALIC
FEMIC

TOTAL

HOLPCT
89.53
90.34

NOLE WEIGHT

PCHT  PCNT
0.00  0.00
0.00  0.00
0.00  0.00
0.00  0.00
0.00  0.00
0.00  0.00
0.45 0.39
0.00  0.00
0.00  0.00
0.00 0.00
0.00  0.00
0.1 o017
0.00  0.00
0.00  0.00
0.00  0.00
95.88 92.60
4,12 4,64
100.00  97.24
NA20/(NA20tX20)

FEQ/(FEO+FE203)

TERNARY DIAGRAMS

4B
0R

NE
KP

AN
AB
OR

A
f

X

NT PCT

.12
25.63
37.25

64.95
13.89
21,17

4,19
39.03
56,75

78.39
20.39
.22

HOLPCT

72.74
11.51
13.76

82.36
7.45
10.20

4.09
40.48
55.42

75.59
22.06
2.34

WT PCT MOLPCT

32,46
100. 00

42.21
100.00




IDENTIFICATION READS...SOUTH HILLS GS-ASH

SPECIES INPUT

5102
1102
1RD2
AL203
CR203
FE203
FEQ
Hho
NIO
L
CAO
_ 5SRO
BAD
NA20
K20
205
H20+
R20-
503
§
cL
F
co2
T0TAL
-0=F,C
-H20

COMP
ERROR

0.00
0.00
0.00
0.00
0.00
0,00

© 0,00

0.00
0.00
0.00
0.0t
0.00

19.97
10.62

CATION
WT PCT  PCNT
68,51  70.66
0.47  0.36
0.00 0.00
12,50 15,20
0.00 0.00
0.00 0.00
2,92 2.52
0.05  0.03
0.00 0.00
0.17  0.26
0.81 0.9
..... 0,00~ 0.00
0.00 0.00
1,36 3.12
3.22 687
0.08  0.07
0.00
0.00
0.00  0.00
0.00
0.00
0.00
0.00 0.00
92.29
L 92.29
92.29
NT PCT MOLPCT
AN/PL 20,94
EN/HY  B.29

INPUT
HOLPCT

80.87
0.42
0.00
8.70
0.00
0.00
2.88
0.05
0.00
0.30
1.02

FA/OL
DIFNDX

DRY OX WET DX
MOLPCT MOLPCT
80.90 80,90
0.42  0.42
8.70  8.70
0.00 0,00
2.8 2.88
0.05 0,03
0.30 0.3
.02 102

0,00 0,00
179 179
393 3.9
0.00

T PCT MOLPCT
0.00  0.00
79.60  86.62

MIN-  MOLE
ERAL  PCHNT
] 36.68
¢ 3.685
1 0.00
R 4.4
PL 19.49
(AB)  15.80
(AN) 3.89
Lc 0.00
NE 0.00
ke 0.00
HL 0.00
T 000
AC 0.00
NS 0.00
XS 0.00
W0 0.00
DI 0.00
(ND) 0.00
(EN) 0.00
(FS)  0.00
HY 4.92
(EN}  0.52
(FS) 4.40

(NA+K) /AL
(FE+HN) / (FE+HN+MB)

HETGHT
PCNT

35.96
3.00
0.00

30.83

16.70

13.20
3.90
0.00
0.00
0.00
0.00

0.0

0.00
0.00
0.00
0.90
0.00
0.00
0.00
0.00
311
0.42
4.68

NIN-
ERAL

oL
(F0)
(FA)
¢S
M1
N
1L
B
™
PF
RU
N
FR
PY
e

SALIC
FENIC

TOTAL

WT PCT HOLPCY

82.99
93.75

63.73
90.75

NOLE  WEIGHT
POCNT  PCNT
0.00  0.00
0,00  0.00
0.00  0.00
0.00  0.00
0.00  0.00
0,00  0.00
0.73 0.9
0.00 0,00
0,00 0,00
0.00  0.00
0,00 0,00
0.13  0.19
0.00  0.00
0.00  0.00
0.00  0.00
94,16 85,10
5.84 619
100.00 92,29
NAZ0/ (HA20#K20)

FEO/(FE0+FE203)

TERNARY D

TAGRANS

¥T PCT MOLPCT

@ 4487
AB 16.58
0R 38.73

g 65.00
NE 8.98
KP 22.02

AN 7.35

AB 27.77
OR E4.88

A 68.£9
29.38
roLn

-

WT PCT N
23.01
100,00

18.80
6.69
14.72

83.401
4.68
10.3t

1.23
268,98
63.79

64.24
32.40
3.36

QLPCY
31.23
00.00




SPECIE

s102
1102
IR02
AL203
CR203
fE203
fED
MNO
NID
NG0
CAD
S0
BAD
NA20
K20
P205
H20+
H20-
503

5

L

f

€02
TOTAL
-0<F, C
-H2Q

IDENTIFICATION READS...SOUTH HILLS CAN-2

S INPUT
WT PCT

74.72
0.36
0.00

12,35
0.00
0.00

- 2.69
0.05
0.00
0.17
0.61
0.00
0.00
3.39
4,92
0.06
0.00
0.00
0.00
0.00
0.00
0.00
0.00

99.28

L 99.28
99.28

CATION
PCNT

70.75
0.26
0.00

13.78
0.00
0.00
2.10
0.04
0.00
0.24
0.62
0.00
0.00
6.22
1.9
0.05

0.00

0.00

COMP
ERROR

0.00
0.00
0.00
0.00
0.00
. 0.00
0.00

0.00

0.00
0.00
0.00
-0.01
0.00

WT PCT MOLPCY

AN/PL
EN/HY

8.4¢
8.84

1.97
11,320

INPUT
NOLPET

81.32
0.29
0.00
1.92
0.00
0.00
2.41
0.05
0.00
0.28
0.7t
0.00
0.00

- 3.58
3.42
0.03
0.00

0.00
0.00
0.00
0.00
0.00

FA/OL
DIFNDX

DRY OX
MOLPCY

81.34
%

(X3

1.92

0.00
2.41
0.05

WET OX
HOLPCT

81.34

(X4

1.92

0.00
2.41
0.05

0.28
0.71
0.00

WT PCT  NOLPCT

0.00
90,35

0.00
91.88

MIN-  MOLE
ERAL  PCNTY
! 31.05
C 0.34
1 0.00
R 2971
PL 33.81
(AB) 31,12
C (AN} 2,69
LC 0.00
NE 0.00
kP 0.00
HL 0.00
TH 0.00
AC 0.00
NS 0.00
L4] 0.00
Ha 0.00
) 0.00
(¥D)  0.00
(ENY  0.00
(FS)  0.00
RY 4,25
(EN)  0.48
(FS) 77
(RA+K) /AL
(FE+HN) / (FE+HN4MG)

HEIGHT
PCNT

32,79
0.48
0.00

29.07

31.32

28.69
2,63
0.900

0.00°

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
4.7
0.42
4.9

NIN-
ERAL

i
(fFO)
(FA)
cs
L)
n
It
HN
™
PF
RU
AP
R
PY
e

SALIC
FENIC

TOTAL

NT PCT  MOLPCT

100,96
93.33

88.27
89.92

HOLE WEIGHT
PCHT  PCNT
0.00 0,00
0.00  0.00
0.00 0.00
0.00 0.00
0.0 0.00
0.00 0.00
0.51  0.68
0.00  0.00
0.00  0.00
0.00  0.00
0.00  0.00
0.13  0.44
0.00 0.00
0.00 0.00
0.00 0,00
93.11  93.£6
4.89 5.62
100,0¢ 99.28
NA20/ (%A20+K20)

FEQ/CFEQ+FE202)

TERNARY DIAGRAMS

AB
R

NE
KP

AN
AB
R

= ™

KT PC

36,21
31.68
2.4

64.39
17.16
18.25

4,36
47.50
48.14

74.€6
23.81
1.53

T HOLPCT

71.85
14.40
13.75

81.99
9.2
8.80

4.24
48.99
46.77

7
2

[ S0 I N 28]
oo O PO
oo Ly

WT PCT MOLPCT
40.79
100.00 100.00

51,13




TDENTIFICATION READS,..SOUTH HILLS TVB-2

SPECIES INPUT CATION

5102
1102
1R02
AL203
CRr203
FE203
FED
HND
NIO
Med
CAD
5RO
BAD
NA2Q
K20
203
H20+
R20-
503
§
cL
F
a2
TOTAL
-0=F,{
-Hz0

Coup
ERROR

0.00
0.00
0.00
0.00
0.00
0.00
10,00

0.00
0.00
0.00

0.00
0.00
0.00
=0.02
0.00

17.32

KT PCT  PCNT
71,47 £9.80
0.47  0.33
0.00  0.00
12,21 14,12
0.00  0.00
0.60  0.00
.45 282
0.05  0.05
0.00 0.00
0.2 0.3
L4 119
0.00  0.00
0.00  0.00
2,39 4.9
.06 6.30
0.12  0.19
0.00
0.00
0.00  0.00
0.00
0.00
0.00
0.00  0.00
96.88
L 96.88
95.88
HT PCT NMOLPCT
AN/PL 18,19
EN/HY 9,91

12.63

INPUT
HOLPCT

79.97

0.40
0.00
8.09
0.00
0.00
.23
0.03
0.00
0.42
1.37
0.00
0.00
2.8
3.6
0.06
0.00

0.00
0.00
0.00
0.00
0.00

FA/OL
DIFNDX

DRY OX
HOLPCY

80.02
0.40

8.10

0.42
1.37
0.00

2.81
3.61

WET DX
ROLPCY

80.02
0.40

8.10

0.00
3.2
0.03

O - D
. = e

S Ly
=y X )

0.00

HT PCT MOLPCT

0.00
83.80

0.00
87.28

HiN-  MOLE
ERAL  PONT
e .24
c 0.86
1 0.00
R 352
L 29.66
(AB)  24.32
(AN} 5.14
Le 0.00
NE 0.00
kP 0.00
HL 0.00
TH 0.00
AC 0.00
NS 0.00
KS 0.00
W0 0.00
DI 0.00
(W) 0.00
(EN)  0.00
(F8)  0.00
RY 3.76
(EN) 0,73
(FS)  5.04
(NA+K) /AL
(FE+HN) £ (FE+HN+HE)

HETGHY
PCNT

31.98
0.73
0.00

29.90

26,79

21,92
4.87
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
b.28
0.62
5.66

NT PCT
94.27
94,76

HIN-
ERAL

oL
(F0)
(FA)
cs
A
o
L
Ll
™
PF
RU
AP
FR
PY
cc

SALIC
FEMIC

TOTAL

HOLPCT
79.36
88.72

NOLE WEIGHT
PCNT  PCNT
0.00 0.00
0.00  0.09
0.00  0.00
0.00 0.00
0.00 0,00
0.00  0.00
0.9 0.89
0.00  0.00
0.00  0.00
0.00  0.00
0.00 0.00
0.26 0.28
0.00  0.00
0.00 0,00
0.00 0,00
93.28 B89.42
6,72 1.4
100.00 96.88
NAZ0/ (KA20+K20)
FEO/(FEO+FEZ02)

TERNARY DIAGRANS

WT PCT MOLPCT

2 38.16
AB 26.135
0R 35,8

@ &3.36
NE 1417
Kp 20.28

AN 8,39
AB 28,66
R 52.75

A 67,40
320.40
o220

-

HT PCT M
33.86
160.00 1

73.39
11,38
14,85

82.72
7.36
9.72

8.40
40,408
51.92

63.75
32.07
4.14

oLpcyY
43.76
00.90



IDENTIFICATION READS...SOUTH HILLS HC-2

SPECIES INPUT CATION  COMP  INPUT DRY OX HET DX MIN-  MOLE WEIGHT  MIN-  MOLE WEISHT  TERNARY DIAGRANS
WT PCT  PCNT  ERROR MOLPCT MOLPCT MOLPCT ERAL  PCNT  PCNT  ERAL  PCAT  PCNT

S102  65.21 64.68  0.00 74,78 74.86 74.86 | 21,26 21.43 oL 0.00 0.00 WT PCT MOLPCT
1102 0.77 0.57 0.00 0.66 0.66  0.66 c 0.00 0,00 (FO)  0.00 0.00
1R02 0.00 0,00 0.00 0.00 1 0.00 0.00 (FA) 0.00 0.00 B8 2897 64.75
AL203 13.04 15.25 0.00 8.81 8.82 B8.82 OR  30.18 28.19 cs 0.00 0.00 AB 32.94 16.87
(R203  0.00 0.00 0.00 0.00 PL  36.87 32.94 T 0.00 0.00 OR 38.10 18.28
FE203  0.00 0.00 _0.00 0.00 0.00 0.00 (AB)  27.69 24.37 ) 0.00  0.00
FEo 4,80 3.98  0.00 460 461 4.6 - (AN} 918 8.97 iL LIS 146
HNO 0.08  0.06 0.07  0.07  0.07 Lc 0.00  0.00 M 0.00 0.00 @ 6031 79.33
NI 0.00  0.00 0,00 NE 0.00 0.00 ™ 0.00 0.00 NE 17.84  9.89
60 0.74 109 0.00 1.26 1.27 1.27 kP 0.00 0.00 PF 0.00 0,00 KP 21.65- 10.78
CAD 2.45 2.60 0.00 3,00 301 3.01 HL 0.00  0.00 RU 0.00 0.00
SRO 0.00  0.00 0.00 0.00 0.00 TH 0.00  0.00 AP 0.4 0.32
BAQ 0.00  0.00 0.00 AC 0.00  0.00 IR 0.00 0.0 AN 14.02 13.69
NA20 2.88  5.5¢ 0.00 320 321 3.2 NS 0.00 0.00 PY 0,00 0.00 AB 239.87 41.30
K20 4,77 6,04  0.00 3.49 349 3.4 KS 0.00 0.00 cc 0.00 0.00 OR 46.11 45.01
P20 0.22 0.18 0.00 0.1t NO 0.00  0.00
H20+ 0.00 0.00 0.00 M 1.84 1.86 SALIC 88.31 82.56 A 58,00 33.28

© H20- 0.00 (WD)  0.92  0.90 FEMIC 11.63 12.41 F 36,33  36.63
503 0.00 0.00 0.00 0.00 (EN)  0.22  0.19 ¥ 5.61 10,07
S 0.00 0.00  0.00 (FSY  0.70  0.78 TOTAL 100.00 94.96
L 0.00 0.00  0.00 HY 8.21 8.5
F 0.00 =0.03  0.00 (EN) 1,97 1.66
€02 0.00  0.00 0.00 0.00 (FS) 6,24  6.91

TOTAL 94,95
-0=F,CL 94.95
-H20 94.95

NT PCT HOLPCT WT PCT MOLPCT WT PCT MOLPCT WT PCT HOLPCY

AN/PL 26,01 24.89 Fa7oL  0.00  0.00 (NA#K)/AL 88,33  75.92  NA20/(NA20+K20) 37.63 47.83
EN/HY 19,35 23.97  DIFNDX 73.99 79.13  (FE+MN)/(FE+MN+MG) 89.46 78.71  FEO/(FEQ+FE203) 100.00 100.00




IDENTIFICATION READS,..S0UTH HILLS TV

‘coMp
ERROR

0.00
0.00
0.00
0.00
0.00
. 0.00
0.00

0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00
-0.0}
0.00

14.49

SPECIES INPUT CATION
HT PCT  PCNT

§102 7162 70.15
1102 0.43 0.3
1R02 0.06  0.00
AL203 12,03 13.89
CR203  0.00  0.00
FE203 0,00  0.00
FED 3.18  2.60
MNO 0.04 0,04
NID 0.00 0.00
N0 0.19  0.28
CAd 0.99 1.04
5RO 0.00  0.00
BAD 0.00 - 0.00
NA20 2,80 5.32
K20 5,02 6.27
P205 0.10  0.08
H20+ 0.00

H20- 0.00

503 0.00 0.00
§ 0.00

tL 0.00

F 0.00

Wird 0.00  0.00
TOTAL  96.42

-0=F,CL 96.42
-H20 96.42

WT PCT  HOLPCT
AN/PL 15.23
ENHY 8,37

10.72

INPUT
HOLPCT

80.43
0.38
0.00
1.96
0.00
0.00
2,99
0.04
0.00
0.32
1.19
0.00
0.00
3.09
3.60
0.03
0.00

0.00
0.00
0.00
0.00
0.00

FA/OL
DIFNDX

DRY 0X
HOLPCT

80.47
0.38

1.97

0.00
2.99
0.04

0.32
1,19
0.00

HET OX NIN-
NOLPCT ERAL
80.47 !
0.38 c
1
1,97 oR
PL
0.00 (AB)
2.99 © (AN)
0.04 LC
NE
0.32 Kp
1.19 HL
0.00 ™
AC
3.09 NS
3.60 KS
Ho
0.00 DI
(N
(EN)
(FS)
HY
(EN)
(FS)

WT PCT HOLPCT

0.00 (NA+K) 7AL
88,94  (FE+HN)/(FE+HN+HG)

0.00
84.99

NOLE
PCNT

30.99
0.50
0.00

31.36

31.09

26,39
4.50
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
5.47
0.53
4.62

WEIGHT
PCNT

31.64
0.43
0.00

29.66

21,95

23.69
4.26
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
.00
0.00
5.69
0.47
5.18

T PCT
98.08
93.63

NIN-
ERAL

oL
(Fo
(FA)
s
L1}
)]
IL
HM
™
PE
RU
AP
FR
PY
cc

SALIC
FEMIC

TOTAL

KOLPCY
83.43
90.50

NOLE HEIGHT
PCHT  PCHT
0.00 0.00
0.00 0.00
0.00  0.00
0.00  0.00
0.00  0.00
0.00 0.00
0.66 0.85
0.00  0.00
0.00 0.00
0.00 0.00
0.00  0.00
0,22 0.2
0.00  0.00
0.00  0.00
0.00 0.00
93.94 89.£8
6.06 &4
100.00  96.43
NAZ0/ (NA20+X20)

FEO/(FED*FE203)

TERNARY DIAGRANS

AB
1

NE
Kp

AN

AB
0R

A
F
i

NT PCT

31.22
27.88
34.90

£5.07
15.10
19.83

1.39
41.12
51.49

69.88
20.42
.70

HOLPCT

72,78
12.49
14.73

82.38
8.09
9.34

7.2
42,57
50.22

66.78
30.02
3.20

BT PCT  HMOLPCY
.81
100.00 100.00

45.88




IDENTIFICATION READS...SOUTH HILLS VD

COMP
ERROR

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00

0.00
0.00
0.00
-0.0¢
0.00

14,78

SPECIES INPUT CATION
WT PCT  PCNT

§102 71,93 70.36
102 041 0.3
IRO2  0.00 0.00
AL203 12,02 13.86
CR203  0.00  0.00
FE203  0.00 0,00
FEO 3,20 2.63
MM 0.04 0,03
NIO 0,00  0.00
M0 0,20 0.29 -
CAD 0.87  0.91
k0 0,00  0.00
BAD  0.00 0.00
NA20  2.44  4.63
K20 554 6.9l
P05 0.08 0.0
H20+ 0,00

H20-  0.00

503 0.00  0.00
5 0.00

cL 0.00

F 0.00

02 0.00  0.00

TOTAL  96.76

-0=F,CL 96.76

20 96.76

WT PCT  MOLPCT
AN/PL 15,52
ENJHY 8,65

11,06

INPUT
HOLPCT

f80.€2
0.36
0.00
7.94
0.00
0.00
3.01
0.04
0.00
0.33
1,04
0.00
0.00
2,63
3.96
0.04
0.00

0.00
0.00

DRY OX
MOLPCT

80.€5
0.36

7.94

0.00
3.0t

0.04

0.33
1.03
0.00

0.00

0.00
0.00

FA/DL
DIFNDX

HET 0X
MOLPCT

80.63
0.36

7.94
0.00

3.01
0.04

1.0

w
PN N

WT PCT MOLPCT

0.00
85.58

0.00
89.20

NIN-  MOLE
ERAL  PCNT
2 31.50

c 0.7

1 0.00

R 34.56

PL  27.14

(AB) 23.14
(AN) 4,0t
Lc 0.00

NE 0.00

kP 0.00

HL 0.00

TH 0.00

AC 0.00

NS 0.00

XS 0.00

L] 0.00

DI 0.00

hvg) 0,00
(EN)  0.00
(FS) 0,00
HY 5.27

(EN) 0,38
(FS)  4.69
(NA#K) /AL

(FE+MN) / (FE+MN+MB)

NEIGHT
PCNT

32.20
0.62
0.00

32.74

24.44

20.63
3.79
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
3.76
0.50
3.26

NT PCT
100,73
95.45

HIN-
ERAL

oL
(FQ)
(FA)
€S
AT
o
I
HH
™
PF
RU
AP
R
PY
¢t

SALIC
FEMIC

TOTAL

MOLPCT
83.28
90.12

MOLE WEIGHT
PORT  PCNT
0.00  0.00
0.00 0,00
0.00 0.00
0.00 0.00
0.00  0.00
0.00  0.00
0.63 0.82
600 0.00
0.00  0.00
0.00 0.00
0.00 0,00
0.18 0.19
0.00  0.00
0.00  0.00
0.00  0.00
93.92  90.00
6.08 6.77
100.00 9£.76
NA20/ (NA20+K20)
FEG/(FED+FE202)

TERNARY DIAGRAMS

AB
R

g
NE
KP

AN

AB
113

A
F
N

WT PCT

37.62
24.12
38.25

£3.19
13,07
2174

6.63
36. 1t
57.26

70.06
28.18
1.76

MOLPCT

73.18
10.75
15.06

82.3%
7.00
10.46

6.43
37.50
56.01

66.42
30.22
3.36

WT PCT MOLPCT

30.58

40.10

100.00 100,00




IDENTIFICATION READS...SOUTH HILLS CH-VITRO-A

SPECIES INPUT

5102
T102
1R02
AL202
CR203
FE203
FEO
NN
NID
MG
CAD
5R0
BAD
NA20
K20
P20
H20+
H20-
503
5
cL
F
002

TOTAL

-0=F, ¢

-H20

corp
ERROR

0.00
0.00
0.00
0.00
0.00
-0.00
0.00

0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00
0.0t
0.00

12,6t

CATION
NT PCT  PCNT
73.21 7116
0.49  0.36
0.00  0.00
1221 13.99
0.00 0.00
0.00 0,00
2.64 2,13
0.03  0.02
0.00  0.00
0.17 0.2
0.68 0.71
0.00 0.00
0.00 0.00
2,10 3.96
3.9 1.1
0.10 0,08
0.00
0.00
0.00 0.00
0.00
0.00
0.00
0.00  40.00
97.54
L 97.54
97.84
WT PCT HOLPCT
AN/PL 13,28
EN/HY  9.38

11.97

" INPUT
NOLPCT

81.49
0.41
0.00
g.0t
0.00
0.00
2.46
0.03
0.00
0.28
0.81
0.00
0.00
.27
4.20
0.05
0.00

0.00
0.00
0.00
0.00
0.00

Fa/OL
DIFNDX

DRY 0X WET 0X NIN-  MOLE
HOLPCT  MOLPCT ERAL  PCNT
81.33 81.53 ! 34.10
0.41  0.41 > 1.36
1 0.00
8.01  8.01 R 36.64
PL  22.54
0.00 0.00 (AB)  19.79
2,46 2.46 ©(AN)  2.86
0.03 0.03 LC 0.00
NE 0.00
0.28 0.28 e 0.00
0.81  0.81 HL 0.00
0.00  0.00 TH 0.00
AC 0.00
221 227 NS 0.00
420 4.20 KS 0.00
W0 0.00
0.00 11 0.00
(WO)  0.00
(EN)  0.00
(FS)  0.00
HY 4.12
(EN) 0.4
(FS)  3.62

HT PCT NOLPCT
0,00  0.00 (NA+K) /AL

87.77  90.53  (FE+HN)/(FE+iN+NG)

WEIGHT
PCNT

35.08
1.36
0.00

34.92

20.49

17.17
2.72
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
4.52
0.42
4.09

T PCT
100.03
95.29

NIN-
ERAL

o
(FO)
(FA)
cs
AT
cH
IL
it
™
PE
RU
AP
FR
PY
cc

SALIC
FEMIC

TOTAL

HOLPCT
86.68
89.81

MOLE HEIGHT
PCNT  PCNT
0.00 0.00
0.00  0.00
0.00 0.0
0.00 0.00
0.00  0.00
0.00 0,00
0.72 0,93
0.00  0.00
0.00 0,00
0.00  0.00
0.00 0.00
0.22 0.4
0.00  0.00
0.00 0,00
0.00 0,00
94.95 91.86
5.05 3,68
100,00  97.54
NA20/{NA20+K20)
FEO/(FEQ+FE203)

TERNARY D

NT PC

g 399
AB 20,24
R 39.79

@ 66.42
NE 10.97
KP 22.61

AN 4.91
AR 32.07
0R 63.02

A 74,02
24.40
LS

-

NT PCT N
26.22
£00.00 1

TAGRANS

T NOLPCT

15.13
8.7
16. 13

83.39
5.82
10.78

4,82
33.38
561.80

70.23
26.71
3.07

OLPCT
35.07
00.00




TDENTIFICATION READS...SOUTH HILLS SF

SPECIES [INPUT CATION  COMP
WT PCT  PCNT  ERROR
§102 71,54 66,35  0.00
1102 0.69 0.48  0.00
1R02 0.00 0.00 0.00
AL203  13.72 15.00 0,00
CR203  0.00 0.00  0.00
FE203  0.00  0.00  0.00
FED 4.19 325 0.00
KO « 0,07 0.05
NID 0.00 0.00
NGO 0.72 .00 0.00
CAD {.82 L.81  0.00
5R0 0.00  0.00
BAQ 0.00 0.00
NA20 382 635 0.00
K20 4.71 557 0,00
P203 0.18  0.14  0.00
H20+ 0.00
H20- 0.00
503 0,00 0,00 0,00
§ 0.00 0.00
cL 0.00 0.00
3 0.00 =0.02
co2 0.00 0.00 0.00
TotaL 101,17
-0=F,CL 101.17
-H20 101,17
4T PCT  NMOLPCT
AN/PL 20.46  19.51
ENJHY 21,17 26.03

INPUT
NOLPCT

76.73
0.56
0.00
8.67
0.00
0.00
3.76
0.06
0.00
113
2.09
0.00
0.00
3.67
.22
0.08
0.00

0.00
0.00
0.00
0.00
0.00

FA/OL
DIFNDX

DRY QX
NOLPCT

76.80
0.36

8.68

HET OX
HOLPCY

76.80
0.56

8.68

0.00
3.76
0.06

113
2.09
0.00

WT PCT MOLPCT

0.00
83.21

0.00
83.26

MIN-  ROLE
ERAL  PCNT
Q 23.66
c 0.00
1 0.00
R 27.86
PL 39.44
(AB)  31.14
- (A 7.69
Lc 0.00
NE 0.00
kP 0.00
HL 0.00
TH 0.00
AC 0.00
NS 0.00
KS 0.00
L1 0.00
DI 0.14
(Wo) 0,07
(EM)  0.02
(FS)  0.05
HY 7.56
(e 1.9
(FS) 5,39
(NA+K) /AL
(FE+HN) / (FE+MN+HE)

WETGHT
PCNT

25.51
0.00
0.00

27.83

37.55

29.87
1.68
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.15
0.07
0.02
0.086
8.40
1.78
6.62

HIN-
ERAL

oL
(FQ)
(FA)
¢s
Nt
e
It
HY
N
143
RU
AP
R
PY
c

SALIC
FENIC

TOTAL

NT PCT HOLPCT

89.91
88.40

79.48
76.84

MOLE WEIGHT
PCNT  PCNT
0.00  0.00
0.00 0.00
0.00 0.00
0.00  0.00
0.00  0.00
0.00  0.00
0,96 1.3
0.00  0.00
0.00  0.00
0.00 0.0
0.00  0.00
0.38  0.43
0.60  0.00
0.00 0.00
0.00  0.00
90.96  90.89
9.04 10.28
160.00 10t.17
NA20/(NA20+K20)

FEQ/(FEQ*FE2D3)

TERNARY 1

[AGRANS

WT PCT MOLPCT

g 30.85
AB 35.90
OR 33.43

g 6L.39
NE 19.45
kP 19.01

AN 1175
AB 45.68
R 42.37

A 62.56

= Shag |
o o

WT PCT M4
42.84
100.60 1

E6.50
17.84
15.66

79.94
10,68
9.38

11.43
47.16
41.40

98.40
31.84
9.75

GLPCT
33.28
00.00



IDENTIFICATION READS...SOUTH HILLS 6FS

SPECIES INPUT
WT PCT

5102 E8.63
7102 0.69
1R0D2 0.00
AL203  13.48
CR203  0.00
FE203  0.00
FEQ 4.22
NNO 0.07
NID 0.00
160 0.67
CAQ 1.98
SRO 0.00
BAO 0.00
NA20 .17
K20 4.93
P205 0.16
. H20+ 0.00
H20- 0.00
503 0.00
§ 0.00
ct 0.00
f 0.00
to2 0.00
TOTAL ~ 98.02

-0=F,CL 98.02

-H20

98.02

CATION
PCNT

£5.79
0.50
0.00
15.23
0.00
0.00
3.38
0.06
0.00
0.96
2.03
0.00
0.00
5.8
6.03
0.13

0.00

0.00

COKP
ERROR

0.00
0.00
0.00
0.00
0.00
.0.00
0.00

0.00
0.00
0.00
-0.02
0.00

HT PCT  MOLPCT

AN/PL 22,96
CEN/HY  19.83 24.53

21.93

INPUT
HGLPCT

76.18
0.58
0.00
8,82
0.00
0.00
3.92
0.07
0.00
1.11
2,35
6.00
0.00
3.41
3.49
0.08
0.00

FA/OL

~ DIFNDY

DRY 8% HET OX
HOLPCT  MOLPCT

76.24
0.58

8.92

0.00
3.92
0.07

1.4
2,36
0.00

76.24
0.58

8.82
0.00

3.92
0.07

1.1
2,3
0.00

3.4
3.49

0.00

HT PCT MOLPCT

0.00

0.00

MIN-  MOLE
ERAL  PCNT
2 22,67
t 0.00
1 0.00
R 30.14
PL  3L13
(AB)  29.43
Can 8.2
Le 0.00
NE 0.00
143 0.00
HL 0.00
H 0.00
AC 0.00
NS 0.00
KS 0.00
o 0.00
DI 0.65
(W0} 0.32
(EN)  0.08
(FSY 0.4
HY 7.48
(EN)  1.83
(FS)  5.54
(NA+K) /AL

79.60 82.26  (FE+MN)/(FENN+HE)

HEIGHT
PCNT

23.65
0.00
0.00

29.13

34.82

26.82
1.99
0.00
0.00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
0.68
0.13
0.07
0.28
g.06
1.60
6.4

NT PCT
90.33
89,20

NiN-
ERAL

oL
(FD)
(F&)
cs
KT
N
IL
HH
™
PE
RU
AP
FR
PY
cc

SALIC
FEMIC

TOTAL

HOLPCT
78.27
78.24

HOLE WEIGHT
PCNT  PCNT
0.00  0.00
0.00  0.09
0.00  0.00
0.00  0.00
0.00  0.00
0.00 0.0
0.99 1.3l
0.00 0.0
0.00  0.00
0.00  0.00
0.00  0.00
0.35  0.28
0.00  0.00
0.00 0.0
0.00  0.00
90.53  87.
947 10.43
100.00  98.63
NA20/ (NA20+K20)
_ FED/(FEDFE233)

TERNARY D

1AGRANS

WT PCT  MOLRCTY

2 297
AB 22.70
0R 35,80

g 60.95
NE 18,25
kP 20.80

AY 12,50
AB 41,94
R 45.56

A 62.36
Fo32.4
¥ S.1E

NT PCT H
KERE

100.00 100,00

63.54
17.03
17.43

79.60
10.08
10,32

12.19
43.40
44,41

37.86
32.84
9.29

OLFCT
49.43



IDENTIFICATION READS...SOUTH HILLS BQ2A

SPECIES INPUT CATION  COMP  INPUT DRY OX WET OX NIN-  NMOLE MEIGHT  NIN-  NOLE WEIGHT  TERNARY BIAGRANS
WT PCT  PCNT  ERROR MOLPCT XOLPCT MOLPCT ERAL  PCNT  PCNT  ERAL  PONT  PONT

SI02 7117 6B.44  0.00 78.50 78.61 7B.6t 8 29.46  30.6€3 oL 0.00  0.00 NT PCT MOLPCY

T102 0.65 0.47 0.00 0.54 0.5¢ 0.54 c 0.94 0,83 (FB)  0.00  0.00

IRO2 0.00  0.00 0.00 0.00 1 0,00 0.00 (FA) 0.00 0.00 @ 37.18 72.&7

AL203 12,64 14,33 0,00 8,22 8.23 8.3 R 26,30 25.93 s 0.00  0.00 AB 31.84 14

CR203  0.00 0.00 0.00 0.00 PL 34,66 31.78 T 0.00 0.00 OR 30.98 1.

FE203  0.00 0.00 .0.00 0.00 0.00 0.00 (AB) 28.90 26.23 CH 0.00 0.00

FED .12 3.3 0,00 280 381 3.8t (M) 576 5.95 L 0.9¢ 123

MO 0.06  0.05 0.06 0.06 0.06 Lc 0.00  0.00 HM 0.00 0.00 @ &5.15 82.32

NIO 0.00  0.00 0.00 NE 0.00 0.00 N 0.00 0.00 HNE 17.25 9.22

it 0,38  0.5¢ 0.00 0,62 0.63 0.63 KP 0.00  0.00 PF 0.00 0,00 XP 17.68] B.45

CAD 1,30 158 0.00 1,77 1,78 1.78 HL 0.00 0.00 RU 0.00  0.00

SRO 0.00 0,00 0.00  0.00 0.00 TH 6.00  0.00 AP 0.63  0.89

BAD 0.00  0.00 0.00 AC 0.00  0.00 FR 0.00 0.00 AN 3.88 9.42

NA20 0 578 000 3.3t 332 332 NS 0.00  0.00 PY 0.00 0.00 AB 43.77 47.2%

K20 4,32 5,30 0.00 3.04 3.04 3,04 KS 0.00 0.00 cc 0.00  0.00 OR 4455 43.23

P203 0.29  0.24  0.00 0,14 W0 0.00  0.00

H20+ 0.00 0.00 0.00 DI 0.00 0,00 SALIC 91.56 88.77 A 62.25 58.%%

H20- 0.00 (KO) 0,00 0.00 FEMIC B8.44 9.47 F34.56 35,26

503 0.00 000 0.00 0.00 (EX) 0,00 0,00 K 313 580

§ 0.00 0.00 0.00 (FS) 0,00  0.00 TOTAL 100.00 98.24

cL 0.00 0.00  0.00 HY 6.88  7.55

f 0.00 -0.04  0.00 (EN)  1.09  0.95

co2 0.00  0.00 0.00 0.00 (FS)  5.79  6.61

-0sF,0L 9823
20 98.23

WT PCT HOLPCT NT PCT MOLPCT HT PCT MOLPCT WT PCT MOLPCY
AN/PL 17.45  16.62 FA/OL 0,00  0.00 (NA+X)/AL 87,98 77.34  NA20/(NA20+K20) 41.78 352.17
EN/JHY 12,53 15.B4  DIFNDX 82,39 B4.83  (FE+MN)/(FE+MN+MB) 92,41 86,06 FEO/(FE0+FE203) 100.00 100.00




SPECIES INPUT CATIDN

5102
T102
IR0
AL203
CR203
FE203
FEO
NN
NIO
H&0
CAD
5RO
BAD
NA20
K20
P20
H20+

H2o-
502
5
tL
F
co2

T0TAL

IDENTIFICATION READS...SOUTH HILLS BE@S

WT PCT

71.03
0.61
0.00

12,53
0.00
0.00
3.95
0.04
0.00
0.24
114
0.00
0.00
3.13
4.55
0.13
0.00

0.0
0,00
0.00
0.00
0.00
0.00

97,35

-0=F,CL 97.35

-H20

97,35

caxp
PCNT  ERROR
68.86  0.00
0.44  0.00
0.00  0.00
14,32 0.00
0.00  0.00
0.00 0,00
.20 0.00
0.03
0.00 .
0.35  0.00
1,18 0,00
0.00
0.00
5.88  0.00
3.63  0.00
0.1t 0,00
0.00 0.00
0.00
0.00
-0.02
0.00 0.00

WT PCT MOLPCY

AN/PL
EN/RY

15,36
8.64

14.61
11.06

INPUT
NOLPCT

79.14
0.51
0.00
8.23
0.00
0.00
.68
0.04
0.00
0.40
1.36
0.00
0.00
3.38
3.23
0.06
0.00

0,00
0.00
0.00
0.00
0.00

FA/OL
DIFNDX

DRY 0X WET OX

MOLPCT MOLPCT
79.16  79.16
0.51 0.3l
8.23 8.23
0.00  0.00
3.68  3.68
0.04 0.4
0.40  0.40
1,36 136
0.00  0.00
.38 3.8
.22 32
0.00

WT PCT  MOLPCT

0.00
83.47

0.00
86.73

NIN-  NOLE
ERAL  PCNT
2 29.18
c 0.79
1 0.00
R  28.13
PL  34.45
(AB)  29.42
(AN)  5.03
Lc 0.00
NE 0.00
kP 0.00
HL 0.00
TH 0.00
AC 0.00
NS 0.00
4] 0.00
L] 0.00
] 0.00
(WO 0,00
(E)  0.00
(FS)  0.00
HY 6.27
(EN)  0.69
(F$)  5.58

(NA+K) /AL
(FE+MN) 7 (FE+NM+HNG)

WEIGHT ~ MIN-  NOLE WEIGHT
PCNT  ERAL  PONT  PONT
30.10 0L 0.00 0.0
0.70  (FO)  0.00  0.00
0.00 (FA) 0,00  0.00
6.8 5 0.00 0,00
3,29 MT 0 0.00 0.0
26.49 O 0.00 0.0
481 1L 089 LIg
0.00 KA 0.00 0,00
0.00 TN 000 0.00
0.00  PF 0,00 0.0
0.00 RU 0,00 0.00
0.00 AP 028 0.3
0.00 FR 0.0 0.00
0.00 PY  0.00  0.00
0.00  CC 0.0  0.00
0.00
0.00 SALIC 92,55 88,97
0.00 FENIC 745 8.3
0.00
0.00 TOTAL 100.00 97.35
6.92
0.£0
6.32
WT PCT  MOLPCT
91.97 80,40  NA20/(NA20+K20)
95.5¢ 90.32 FEO/(FEQ+FE203)

TERNARY DIAGRANS

WT PCT NOLPCT
2 36.06
AB 31.73
0R 32.2t

1.71
14.46
13.82

g 64.51
NE 17.19
ke 18.31

81.93
9.23
8.83

M 8.2
AR 45.52
R 46.22

8.04
47.00
44.9%

=

64.70
33.28
N o202

61.85
%42
3.72

-

NT PCT MOLPCT
40,76 35t
100,00 100.00



IDENTIFICATION READS...SQUTH HILLS B@3-2

SPECIES INPUT CATION  COMP  INPUT DRY OX WET X NIN-- MOLE WEIGHT  NIN-  MOLE WEIGHT  TERNARY DIAGRAMS

WTPCT PCNT  ERROR MOLPCT NOLPCT MOLPCT ERAL  PCNT  PCNT  ERAL  PCHT  PONT
§I02  71.81 68.14  0.00 78.17 78.22 78.22 B 2761 2910 OL 0.0  0.00 WT PCT  MOLPCT
TI02  0.64 0.6 0.00 052 052 0.52 ¢ 0.00 000 (FB) 0,00 0.0
IR0Z  0.00  0.00 0.00 0,00 1 0.00 0.00 (FA) 000 000 8 3517 70.89
M203 1271 1422 0.00 845 8.6 8.16 R 26.51 25.83 €3 0.00 0.00 AR 33.55 15.49
(R203 0,00 0.00 0.00 0,00 PL 3737 3478 KT 0.00 0.00 OR 31.28 13.61
FE203 0,00 0,00 0,00 0.0 0.00 0.0 (AB) 30,17 2775 C4  0.00 0,00
FE0 400 3.5 0.00 3.3 3.74 3.74 (AN 7200 7,02 1L 0.8 L2
MNO 0.07 - 0.06 0.07  0.07 0.0 L 0.00 0.00 WX 0,00 0.00 8 6405 81,60
NID 0,00 0,00 0.00 NE 0.00 0.0 TN 000 0.00 NE 18.47  9.79
W60 0.49  0.69 0.00 0.80 0.80 0,80 kP 0.00 0.0 PF 000 0.00 KP 17.78  B8.80
CAD 170 173 0.00 198 1,98 1.98 HL 0,00 0.0 RU 000 0.00

__SRO Q.00 0,00 ______0,00 0,00 _0.00_ ___ TH__ 0.00 _0.00 AP 032 03
BAD 0,00 0.00 0.00 AC 0,00 0,00 FR 000 0.00 AN 11.53 1127
NA20  3.28  6.03  0.00 3.46 3.46  3.46 NS 0,00 0.00 PY  0.00 0.00 AB 45,75 47.22
K20 438 530 0.00  3.04 3.0  3.04 KS  0.00 0,00 CC  0.00 0.00 OR 42.67 41.50
P05  0.15 0.2 0.00 0,07 WO 0,00  0.00
H20+ 0,00 0.00 0.00 DI 0.35 0,37 SALIC 91.49 B83.76 A 6253 58.95
H20-  0.00 (W)  0.18 0.18 FEMIC 8.5! 9.58 F 33.47 33.84
§03 0,00  0.00 0.00  0.00 (EN)  0.03 - 0.03 K400 T.2
§ 0.00 0.00 0,00 (F9)  0.14  0.16 TOTAL 100.00 99.34
L 0.00 0.00 0,00 HY 6,92 T.53
F 0.00 -0.02 0,00 €N L3 19
02 0.00 0,00 0.00 0,00 (FS)  5.57 6.4
TOTAL  99.33
-0=F,CL 99,33
-H20 99,33
NT PCT  MOLPCT WT PCT  HOLPCT WT PCT  KOLPCT WT PCT  MOLPCT
AN/PL 20,19 19,26 FA/OL 0,00 0.00 (NASKI/AL  90.22 79,75 NA20/(NA20+K20) 4282 53.23

EN/HY  15.59 19,53 DIFNDX 82,74 B4.20  (FE+MN)/(FE+MN+MG) 91.65 82,70 FED/(FEQ+FE203) 100.00 100.00



IDENTIFICATION READS...SOUTH HILLS GULI

. CONP
ERROR

0,00
0.00
0.00
0.00
0.00
0.00
0.00

3.9
5.68

SPECIES INPUT CATION
W1 PCT  PCNT
§102 73,76 7170
TI62  0.28 0,20
IR02  0.00  0.00
AL203 11,90  13.63
CR203 0,00  0.00
FE203 0,00 0.00
FEO = 2,01 1.6
KNO 0,02 0.0
NIO 0,00  0.00
N0 0.06  0.09
CAD 0,27 0.28
50 0.00  0.00
BAD 0.00  0.00
HA20 3.7 5.78
K20 5.24  6.E2
P03 0.05  0.04
H20+ 0.00
H20-  0.00
503 0,00  0.00
§ 0.00
cL 0.00
3 0.00
02 0.00  0.00
TOTAL  96.76
-0=F,CL 96.76
-H20  96.76
T PCT  MOLPCT
AM/PL .75
ENJHY 4,28

INPUT
ROLPCT

82.45
0.24
0.00
7.84
0.00
0.00
1.88
0.02
0.00
0.10
0.32
0.00
0.00
3.2
3.81
0.02
0.00

FAZOL
DIFNDX

DRY DX
HOLPCT

82.47
0.24

7.84

0.00
1.88
0!02

0.10

0.00

3.33
3.81

NET DX
HOLPCT

82.47
0.24

7.84
0,00

1.88
0.02

.3
3.81

0.00

WT PCT MOLPCT

0.00
90.98

0.00
94.56

MIN-  MOLE
ERAL  PONT
(IR

C 0.0

1 0.0

R 321

L 29.99
L(AB) 2893
() 1,06
e 0.00

NE 0,00

Kb 0.00

B 0.00

T 0.00

AL 0.00

NS 0.00

K§ 0,00

O 0,00

DI 0.00

(W) 0,00
() 0,00
(FS) 0.0

HY  3.06
() 0.17
(F§)  2.89
(NA*K) /AL
(FE+HN)/ (FEHNHHE)

WEIGHT
PCNT

33.45
0.70
0.00

31.56

26.99

25,98
1.04
0.00
0.00
0.00
0.00
0,00

0.00 -

0.00
0.00
0.00
0.00
0.00
0.00
0.00
3.41
0.13
3.26

NT PCT

106.33
97.75

HIN-
ERAL

0t
(FO)
(FA)
Cs
L
N
IL
bh|
™
PF
RU
AP
R
PY
e

SALIC
FEMIC

TOTAL

MOLPCT
9.0t
94,99

MOLE MEISHT
PCNT  PONT
0.00 Q.00
0.00 0.00
0.00  0.00
0.00 o.00
0.00 0.00
0,00  0.00
0.41  0.53
0.00 0.00
0.00 0.00
0.00 0.00
0.00  0.00
011 0.12
0.00  0.00
0.00  0.00
0.00  0.00
96.42 92.70
3.58  4.06
100,00 96.76
NAZ0/ (HA20+K20)
FEG/(FED+FEZ02)

TERNARY DIAGRAMS

HT PCT  MOLFCT

@ 3%B.77 72.38
AB 28.55 12.88
OR 34.68 14.74

@ 64.82 82.21
NE 15,47  8.30
KP 19,71 9.48
AN 173 168

AB 44,37 45.85
OR 53.90 392,47

A 80,25 78.28
F 1918 20.€2
K 057 1.10

WT PCT MOLPCT
36,50 46.83
100,09 100.00



IDENTIFICATION READS...S0UTH HILLS GUL2-2

SPECIES INPUT

WT PCT

AL203
CR203
FE203
FEO
HNO
NIO
MG0
CAQ
SRO
BAD
NA20
K20
P205
H20+
H20-
503
S
oL
F
c02

TOTAL

-0=F ,C

-H20

11.64
0.00
0.00
22
0.02
0.00
0.07
0.4
0.00
0.00
3.23
5.28
0.07
0.00
0.00
0.00
0.00
0.00
0.00
0.00

97.90

L 97.90

97.90

CATION
PCNT

THLES

0.22
0.00
13.18
0.00
0.00
1,78
0.02
0.00
0.10
0.47
0.00
0.00
6.02
6.47
0.06

0.00

0.00

cone
ERROR

0,00

0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
-0.01
0.00

HT PCT MOLPCT

AN/PL
EN/HY

3.76
4,62

S.44
3.98

. INPUT
MOLPCT

B2.27
0.25
0.00
7.36
0.00
0.00
2,04
0.02
0.00
0.12
0.54
0.00
0.00
345
LN
0.03
0.00

FA/OL
DIFNDX

DRY DX
HOLPCT

82.30
0

x4

1.57

0.00
2,04
0.02

HT PCT
0.00
91,63

HET OX
HOLPCT

822
0.25
7.5

0.00
2,04
0.02

HOLPCY
0.00
94.27

HIN-  MOLE
ERAL  PCNT
g .82
¢ 0.00
1 0.00
R 32.26
PL  31.82
(AB)  30.09
(AN 173
Lc 0.00
NE 0.00
KP 0.00
it 0.00
TH 0.00
AC 0.00
NS 0.00
KS 0.00
L) 0.00
DI 0.13
(WD) 0.06
(EM) . 0.00
(FS} 0,06
HY 3.29
(EN)  0.20
(FS)  3.09

(NAtK) /AL
(FE+KN) / (FE+HNNG)

HETGHT
PCNT

3312
0.00
0.00

31.20

29.00

21,33
1.67
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.14
0.06
0.00
0.07
.70
0.17
3.33

WT PCT
110.04
97.62

MIN-
ERAL

o

(FO)
(FA)
€S
NT
cH
It
HH
™
PF
RU
AP
R
PY
cc

SALIC
FEMIC

TOTAL

HOLPCT
94.74
94.70

XOLE WEISHT
PCNT  PONT
0,00  0.00
0.00  0.00
0.00  0.00
0.90 0.060
0.00 0.00
0.00  0.00
0.43 0.57
0.00  0.00
0.00  0.00
0.00 0.00
0.00 0.00
0.13 017
0.00 0.00
0.00  0.00
0.00  0.00
9.00 93.22
4,00 4.37
100,00 87,90
NA20/ (NA20+K20)
FEQ/(FED+FE202)

TERMARY DIAGRAMS

AB
0R

NE
KP

AN

AB

- >

N

WT PCT

36.14
29.82
34.04

64.50
16,13
19.34

2.1
45.40

51.83

78.87
20,48
0.63

HOLPFCT

71.82
13.33
14.60

81.98
B8.68
9.34

2.70
46.38
50.42

76.%

21.87
1,23

s

WT PCT HMOLPCT

37.96
100,00

48.18
100.00



UNIVERSITY OF UTAH RESEARCH INSTITUTE
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EARTH SCIENCE LABORATORY
391 CHIPETA WAY, SUITE C
SALT LAKE CITY, UTAH 84108—1295
TELEPHONE 801-524-3422

MEMORANDUM

TO: ' Ben Lunis
Peggy Brookshier

FROM: Howard Ross
SUBJECT: Charles Waag Report on the Boise Geothermal System
DATE: September 4, 1987

I have reviewed the revised (second?) draft of the untitled

, réport by Dr. Waag. My copy of this revision was limited to the

SUMMARY, INTRODUCTION, and HYDROLOGIC SETTING AND DATA GATHERING
sections, pg. i-1 to 2-48.

These sections seem to read better than the earlier draft
but still have some problems with typos, structure, and wording
as noted by Leah Street and others. Figures 2-2 and 2-3 should
be labeled thousands of gallons per minute (KGPM) rather than
GPM. The presentation of more data as graphs which show the
correlations between wells would have been useful throughout the
report, as would a more rigid statistical correlation of
production and drawdawn.

Much of the text is an involved discussion of the observed
data and Waag’'s interpretation or observation of the data. The
Summary seems to be an accurate representation of the more
detailed discussion in section 2. Partions of the report may
still be viewed as “"sensitive" by DOE and ID-DWR, such as pgs. 1-
3,1-4,1-5,2-35 and 2-36. The report strongly infers that much of
the aquifer decline is due to production from the BGL wells, and
to a lesser extent to the Capitol Mall wells. Nevertheless the
observation seems valid to me, based on my reading of the report.
The observation of a strong interconnection between the BWSWD and
BGL-BLM—Capitol Mall wells also seems to be a vlaid observation
and should be stated in the report. 1 believe that Waag states
the abservations quite well on pgs. 2-35, 2-36.

I can appreciate that some individuals will be deeply
concerned about future drawdown and geothermal reservoir decline
after reading the report. Nevertheless I think that Waag's
general conclusions are correct, and should be stated. The final
report should have an appropriate Disclaimer Statement to protect
the DOE, however.




Flease feel free to call me for further discussions af this
report after I return from Ascension Island, about 21 September.
I hope that these thoughts may be of some use to you in the

interim.

Howard Ros
Project Manager

(V7 Y RFN



UNIVERSITY OF UTAH RESEARCH INSTITUTE

EARTH SCIENCE LABORATORY
391 CHIPETA WAY, SUITE C
SALT LAKE CITY, UTAH 84108—1295
TELEPHONE 801-524-3422

October 14, 1987

Ms. Leah V. Street

Idaho-Department of Water Resources
2148 4th Avenue East

Twin Falls, ID 83301

Dear Leah:

Peggy Brookshier and Susan Prestwich have asked me to forward to
you some additional comments on the Waag report, together with
suggestions for changes in the text. I have compiled comments by
Ben Lunis, DOE staff and others in addition to my own. Some of
these may duplicate your own thoughts.

As you know we are concerned about the details of wording and
conclusions because of the limited monitoring period and some
limitations on the data base, because no quantitative or
statistical study has been undertaken to support the
interpretation, and because of an apparent conflict-of-interest
on the part of Dr. Waag.

Please try to effect the changes which you think are appropriate
as well as the others you have already pointed out. Please call
me if you wish to discuss any of these comments in more detail.

I hope that Dr. Waag is agreeable to these minor changes, and can
complete the report very soon.

Best Regards,

watr

Howard Ross
Project Manager

cc: . A. M. Brookshier
M.

P
S. Prestwich
enc.

HPR:kr




COMMENTS, DR. CHARLES WAAG REPORT 2nd DRAFT

2

10.

11.

12.

13.

14.

Report needs a title and cover page

Report needs an acknowledgement of funding source: ID-DWR
and DOE Grant

Report needs a List of Illustrations and Tables.
Report needs a Table of Contents

Include a DOE disclaimer statement (Strengthened, and in a
prominent page position as suggested by Leah Street)

Pg. 1-2; para 3, 1. 1 delete "and exploitation”
Pg. 1-2, para 3, 1. 2 delete "an annual"

Pg. 1-3, para 2, 1. 2 delete "Therefore, the most obvious
explanation," replace with "One likely explanation"

Pg. 1-4, para 3, 1. 1,2 Suggest "The aquifer seems to have
been near or at equilibrium prior to the 1983-84 production
by the ..."

p. 1-4, 1- 5 noteworthy, not "note worthy"

p. 1-5, para 2, Suggest "The increasing rates of decline in
the recovery levels, evident since 1983, occurred without a
significant corresponding increase in geothermal fluid
production by the principal producers; it is cause for pause
and concern."

p. 1-5, para 3, 1. 3-9 Suggest rewording of "Serious
consideration should be given to restricting further
development and production from the system until we have a
petter understanding of its recharge and thermal transfer
characteristics, and its overall capacity for fluid
production. Consideration should also be given to a
requirement for reinjection of produced waters where
feasible. Although the data base is insufficient to predict
.. accurately ..."

p. 1-6, para 1, 1. 2 "Suggests that an effective program of
reinjection will significantly affect the economic
productivity and extend the life of the resource."

p. 1-6, Comment: High recovery indicated by data taken
since this spring by the City do not appear to be
acknowledged.
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15. p. 1-11, para 2, "Expansion of demand ...." This paragraph
is a restatement of the previous page and should be deleted.

16. p. 1-12, duplicates p. 1-9 - delete it

17. p. 2-1, para l, 1. 8 "Figures 2-2 and 2-3 show drawdown
... 1. 10. "in thousands of gallons per minute (Kgpm)
from ..."

18. p. 2-2, Figure 2-1, Map reproduction is of poor quality and
difficult to read. Distance sale is lost in map detail.
Label is difficult to read, needs capitalization of first
words, etc.

19. p. 2-3, Figure 2-2, Vertical scale should be KGPM (I
believe)

20. p. 2-4, Figure 2-3, (Same as above)

2. p. 2-7, paral, 1. 6 "... was well ahead of last year."
replace last year with 1986-87 or 1984-85, whichever is
intended - it’s not clear from text or Figure 2-4.

22, p. 2-8, Fig. 2-4, Since water level is plotted in the
inverse since, i.e., depth to water level, it would be
useful to also plot an elevation sale with values on the
left hand axis as for Fig. 2-2, 2-3.

23. p. 2-12, para 2, 1. 3 delete "arbitrary" (not necessary
and begs comment)

24. p. 2-19, para 1, 1. 5 "These fluctuations are clearly ..."
replace "with these fluctuations are interpreted as
responses..." (no data are presented)

25. p. 2-20, para 1, 1. 7 delete "clearly"

26. p. 2-27, 1. 3 from bottom "annual head change" not "annual
head charge"

27. p. 2-27, para 2, Comment: The analysis of a 100-110 feet
cold water table fluctuation to induce the recorded
potentiometric surface fluctuations must include other
assumptions, i.e., (no) leakage from the cold water aquifer,
rigidity, recharge variations etc. Are these sufficiently
described on pg. 2-27, and 2-28?

28, p. 2-35 Comment: An attempt to graph the data of Table II
and III(see attached graph) verifies that in general a good




COMMENTS, DR. CHARLES WAAG REPORT 2nd DRAFT
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correlation does exist; the correlation is substantially
less than 100% (1:1) however, especially pre-1979. Thus
some other factors are involved. This is adequately
discussed on page 2-36.




gy f
sﬂiﬂléé’ Moxr frcovery

fjo

105

too

| Dep A L)
~ o x D Y
nw S wn v g

S

1))
W

- 25 L.s.

— 20
~15
~10 -

— g .-

— 0 "““C!o\!
|- Flow 20 deys
“
_¥‘1U40do71 1
L How 60’&-,\

—

ks B

T 1

r'e

yea 1'// aptsapC
/ Aot .76 mér /ﬁw/
S

P2

| S

-

Maximars (/ﬂac‘w(,},

1277 g 77

¢"_/;m/zr//’,r,5_a PANN) / e é le 5

7 rd N7

y/4

. Soarly Auerage Dol to Witor Love/

o Makimarn Fecovery Lleve/ . .

- e (eph, éeéé/fﬂf?[‘)(e) -




UNIVERSITY OF UTAH RESEARCH INSTITUTE

EARTH SCIENCE LABORATORY
391 CHIPETA WAY, SUITE C
SALT LAKE CITY, UTAH 84108—1295
TELEPHONE 801-524-3422

MEMORANDUM

TO: Ben tunis
Peggy Brookshier

FROM: Howard Rass
SUBJECT: Charles Waag Report an the Boise Geothermal System

DATE: September 4, 1987

I have reviewed the revised (second?) draft of thé untitled
repart by Dr. Waag. My copy of this revision was limited to the
SUMMARY, INTRODUCTION, and HYDROLOGIC SETTING AND DATA GATHERING
sections, pg. 1-1 to 2-48.

These sections seem to read better than the earlier draft
but still have some problems with typos, structure, and wording
as noted by Leah Street and others. Figures 2-2 and 2-3 should
be labeled thousands o+ gallans per minute (KGPM) rather than
GPM. The presentation of more data as graphs which show the
correlations between wells would have been useful throughout the
report, as would a mare rigid statistical correlation of
production and drawdown.

Much of the text is an involved discussion of the observed
data and Waag’'s interpretation or observation of the data. The
Summary seems to be an accurate representation of the more
detailed discussion in section 2. FPortions of the report may
still be viewed as “sensitive" by DOE and ID-DWR, such as pgs. 1-—
3,1-4,1-5,2-35 and 2-346. The repaort strongly infers that much of
the aquifer decline is due to production from the BGL wells, and
to a lesser extent to the Capitol Mall wells. Nevertheless the
observation seems valid to me, based on my reading of the report.
The observation of a strong interconnection between the BWSWD and
BGL-BLM-Capitol Mall wells also seems to be a vlaid observation
and should be stated in the report. I believe that Waag states
the abservations quite well on pgs. 2-35, 2-36.

I can appreciate that some individuals will be deeply
concerned about future drawdown and geothermal reservoir decline
after reading the report. HNevertheless I think that Waag’'s
general conclusions are correct, and should be stated. The final
report should have an appropriate Disclaimer Statement to protect
the DOE, however.




FPlease feel free to call me for further discussions of this
report after I return from Ascension Island, about 21 September.
I hope that these thoughts may be of some use to you in the

interim.
%«/d‘fc/

Howard Ross
Project Manager
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The following is an initial summary of activity and data gathered under Geothermal Project
Contract #DWR-03-42-102-61, Evaluation of Geothermal Resources in ldaho. Although the

contract was not firm until mid-September, data collection under the agreement began in

June 1985.

BOISE WARM SPRINGS WATER DISTRICT

(BWSWD) WELLS NOs 1and 2
B Y

Water levels within BWSWD wells | and 2, the pumping wells (Fig. 1), did not recover
sufficiently to flow at the surface this year. The maximum recovery within those wells
was to within |5 feet of the pumphouse floor and occurred during late August 1985. It is
worthy of note that surface flow common to the system has not occurred since the summer
of 1982. Figure 2 is a copy of a computer generated plot of the water levels in BWSWD
Wells 1and 2. Figure 2 also shows withdrawals from the geothermal system by Well #2

which is the principal pumping well in the Warm Springs District system.




BWSWD WELL NO. 3
{Observation)

Maximum recovery in BWSWD Well No. 3 (see data li_n Table 1 occurred on August 30,
. i
1985, at 41.8 ft below the collar, In response to withdrav\vals by BWSWD Well No. 2, the water

levels in Well No. 3 began to decline again by ‘Septemberi 1, 1985.

KANTA WELL
(Observation)

The Kanta Well (fig. 1) is being monitored using a Stevens "F" type recorder. Until October
11, 1985, we were using an "A" recorder, however, it lacked the desired sensitivity so we
have switched to an "F" type. Table Il presents weekly readings'from the records for this
summary,

The water level in the Kanta Well reached its peak recovery on September 3, 1985, at
a depth of 35.38 feet below the collar. This year’s recovery was approximately 2 feet below
last year’s which peaked at 33.6 feet on September 20, 1984. Drawdown in the water level
this fall within the Kanta Well is also more precipitous and has been declining somewhat
more rapidly, On October 25, 1985 the water level was at a depth of 42.35 feet. On the

same day in 1984, the water was at 38.7 feet, a difference of approximately 3.5 feet.




BLM (BEH) WELL
{Observation)
r

i

Owing to the delay in receiving the contract in fina‘ll form, a continuous recording system
has not yet been placed on the BLM Well (Fig. 1. We a;g, however, monitoring the well
using a 30 psi pressure gauge in the lowest port on the césing. Measured pressures from
the well are listed in Table [Il. All readings to date, show a positive pressure with maximum
pressure recorded on September 4, 1985 at 4.9 psi (+10.4 ft.). Now that the contract has
been approved, we have ordered a Druch pressure transducer and plan to install a data logger
on the well as soon as the pressure transducer arrives.

Our intention was to have the Enviro-Lab recorders, that we have on loan from the Idaho
Department of Water Resources, repaired; however, those instruments have a history of

being fraught with problems. Currently we are planning to monitor with a data logger available

in the Geology Department at BSU and the new Druch pressure transducer.

KOCH WELL
owseevaTioN

A Stevens "F" type recorder has been installed on the Koch Well, however, we have had
difficulty obtaining good records. The observation well is approximately 8 feet from the
pumping well. This close proximity causes the water level in the observation well to fluctuate
5-7 feet and to respond immediately to water level changes in the pumping well. These
large drawdowns and recoverys, in addition to other water-level fluctuations in the well,
require large counter weight movements. Unfortunately, the well bore is small, 3 inches
in diameter, and cannot accommodate the counter weight. We are trying special riggings

with pulleys for the counter weight and expect to have more complete data in the near future.
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TABLE |
WATER LEVELS (DEPTH BELOW COLLAR)

BWSWD WELL #3

DATE FEET DATE FEET DATE FEET DATE FEET DATE FEET
6/3 80.9 7/1 57.6 8/1 45.“9 9/1 42.7 10/4 76.6
6/4  79.] 13 49.8 82 466 92 46.I 07  78.6
6/5 70.7 714 49.3 8/3  46.2 9/3  48.5 10/8  79.8
6/6 76.7 7/15  48.8 8/4 458 94 48.7 10/9  8l.7
6/1l 70.7 7/17  48.2 8/5  45.6 3/9 500 10712 85.3
6/12 70.9 7/18 47.9  8/6  45.3 9/10  54.5 10/13  86.4
6/13 70.3 7/19  47.5 8/7 44.8 9/l 55.6 10/14  87.4
6/18 67.1 7/21 42,2 8/9  45.7 9/12  57.6 10/15  88.5
6/'9 65.8 7/22  46.3 8/10 45.2 9/i6 60.0 10/16  89.1
6/20 64.7 7/24  46.3 8/11 46.0 9/18 63.0 10717 89.9
6/2! 64.4 7/25  46.5 8/13 458 9/22  66.9 10718 90.3
6/22 63.6 7/26 46.5 8/20  43.9 9/23 67.5 10725 91.75
6/23 62.3 7/29 46.2 8/21 440 9/26 66.9

6/24  62.0 7/30 46.1 8/26  43.2 9/27 67.8

6/25 6.2 8/30  41.8* . 9/30 73.|

6/26  6l.l

6/27  60.4

6/28  59.2

6/29  58.5

'6/30  57.8

*Recovery Peak




TABLE Il
WATER LEVEL (DEPTH BELOW COLLAR)

KANTA WELL
DEPTH TO EL. OF WATER _
DATE WATER LEVEL LEVEL (FEET) ‘_
6/1/85 45.7
6/7 45.2
6/14 44.1
6/21 42.9
6/28 41.8
7/5 40.6
7/12 39.9
7/19 38.9
7/26 38.2
8/2 37.6
8/9 37.1
8/16 37.45
8/23 36.2
8/30 35.7
9/3 35.38*
9/7 36.4
9/14 37.0
9/21 37.5
9/28 37.7
10/5 38.9
10/11 39.9
10/13 40.2
10/18 41.75
10/25 42.35

*Recovery Peak




TABLE {1l
PRESSURES AND EQUIVALENT WATER LEVELS
BEH (BLM) WELL

EQUIVALENT H20 '
LEVEL (FEET) \

DATE PSI :
6/4/85 0.2 (+0.5) !"n
6/26 2.0  (+4.6) \
7/24 3.8 (+8.8)

7131 4.0 (+9.24)

August 4.7 (+10.8)

9/4 4.9 (+11.3)

9/27 4.5 (+10.4)

10/11 3.4 (+7.8)

i10/25 2.5 (+5.8)




DATE
6/4
7/31
7/3l1
8/3
8/7
8/1l
8/15
8/22
8/26
8/30
9/3
10/25

WATER LEVEL
(Depth Below Surface)

-55.22
-59.72
-62.5
-60.0
-59.1
-59.8
-59.75
-59.6
-59.35
-59.2
-59.1

-61.5

TABLE IV

KOCH WELL
(Observation)
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tor one ot the parties to a contract the pertformance of an
obligation under the contract. Tne term "delegate" includes,
but is not limited to, a subcontractor.

DESIGNATION OF PROJECT COORDINATOR

The Department's Project Coordinafor shall be Leah Otreet,
who shall be the Department's representative for administra-
tion of this Contract.

The Contractor's Project Coordinator shall be Dr. Charles J.
Waag. The Contractor's Project Coordinator shall be the
Contractor's representative for administration of the
Contract and shall have ftull authority to act on behalf of
the Contractor.

All communications given to a party's project cocordinator
shall be as binding as if given to the party.

The Department's Director or anyone authorized to act on his
behalf may change the Department's Project Coordinator at any
time by written notice served on the Contractor. The
Contractor may change its Project Coordinator at any time by
written notice served on the Department.

STATESELT OF PUKPOSE

The purpose ot this Contract is to gather datz for a prelimi-

nary analysis of water-level and pressure fluctuations within

the }loise geothermal systen.

Pape 2 of 17
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SCOPE OF WORK

Task 1. Lkstablish Monitoring unetwork

The Contractor shall identify all geothermal wells in the
Boise system. Potential observation wells that can be moni-
tored will be selected, and, if necessary, permission
obtained from well owners to install recording devices.

A minimum of six (6) wells will be selected for monitoring.
The Contractor shall make every effort to include the
following six wells in the ronitoring network:

° Karta Well

Boise VWarm Springs VWater District No. 1 Vell

Boise Warm Springs Water District ilo. 2 Well

Boise Warm Springs Water District No. 3 VWell

°  BEH (BLHK) Well

Koch Observation Well

In the event that any of the above wells cannot be monitored,
other available wells shall be selected and upon nutusal
agreement by both parties be made part of the monitoring net-

work so that a total of six (6) wells are monitored.

Task 2. Installation of Fcuirment

The Contractor shall install the monitoring equipment in the
selected wells. The Contractor shall be responsible for the
purchase, care and maintenance of tnis eguipment.

Task 4. Data Collection

The Contractor shall monitor water level fluctuations or

pressure changes on all the six (6) wells selected for this

Page 3 of 17




study as specified in Task I, Subdivision A of Section 4.
Pumpage witndrawals will be recorded on all operafing wells
selected for this study. Monitoring data shall be made for
nine (9) consecutive months within the duration of this
contract.

In the event that any problem arises with the data collection
and/or inability to complete monitoring for the six wells
during the 9 months sampling period, the Departmeﬁt shall be
notified immediately.

Task 4. UHeporting Kequirements

The Contractor shall submit a final technical report that
will be a comprehensive report on the Boise geothermal
systen. This report will analyze all available data on
seasonal water-level changes, drawdown effects of pumpage and
aguifer characteristics and boundaries.

Available geologic and hydrologic data, including water che-

mistry, on all wvells 1identified in Task 1, Subdivision A of

Section 4, will also be summarized and analyzed.

The report will identify the scope and cost of additional
studies needed to obtain a maximum wunderstanding of the
characteristics of the Boise geothermal systen.

The Contractor shall also submit the following periodic
progress reports to tne Departument:

i) Nonthly Progress Summaries:

The Contractor shall submit monthly summaries within 15

days of the month's end which summarize the past month's

Page 4 of 17
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PUBLIC WORKS DEPARTMENT
CITY HALL - 4TH FLOOR
(208) 3084-4292

CITY OF TREES ‘ BOISE CITY, IDAHO

wr
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DIRK A. KEMPTHORNE . . COUNCIL MEMBERS
MAYOR H. BRENT COLES. COUNCIL PRESIDENT
) MIKE WETHERELL. COUNCIL PRO-TEM
October 1, 1987 SARA BAKER
: MARY TATE
RON J. TWILEGAR
JAY L. WEBB

Peggy Brookshier
Department of Energy
Idaho Operations Office
785 DOE Place

Idaho Falls, Idaho 83402

City of Boise Geothermal Project -
RE: Grant No. DE-FG07-87ID12663

Dear Peggy:
This is in response to your letter of September 16, 1987.
1) Updated priority list:

Confirming our phone discussion, please see the attached
computer generated tabulation entitled "Tentative Priority
Ranking of Primary Target Buildings" "(Priority List)".

This tabulation lists the buildings ranked in priority order
and it combines the functions requested in the grant
document, Statement of Work, page 2 of 6, Paragraph 4.0. ‘

We have not separated this list into the two tabulations
listed in the grant document, as it would not seem to satisfy
any purpose. Please let us know if this is not satisfactory.

2) Revised projected cash flow:

You requested a revised projected cash flow ie: Table 34 of
Boise’s Phase 2 proposal. Table 34 was presented in .our
original document dated January 1986. I believe you mean
Table 52, which was titled "Gross Revenues From Geothermal
Heat Sales, Boise City Natural Gas Price Scenario" which
shows revenues, both from the existing buildings and revenue
from new buildings. Table 52 was published in the August
1986 proposal. :

I have gone ahead and updated that table av ﬁf fied .
certaln of the assumptions made in the A Qg Bbiﬁﬁg ttal. -

77 1987

ASVANZID TECHNOIOQY 1
i B . - : e ;:\,
_ POST OFFICE BOX 500 s BOISE. iDAHO B3%Y0oh
AN EQUAL CPPORTUNITY EMPLOYER,




Peggy'Brookshier
October. 1, 1987
Page 2

3)

4)

5)

For existing customers, we have wutilized actual gas rate
modifications to establish revenues for FY1987. There have
been numerous gas rate changes from April 1, 1986 upon which
the original Table 52 was based to the present. The 1987

- numbers which are shown are an actual percentage adjustment

based upon the various rate -increases and decreases and are
based upon rates which were in effect July 1, 1987.

Effective October 1, 1987 the general commercial customers
will see a 2.94% rate increase and the large volume wusers
will see a 4.63% increase. Those percentages were wutilized
for year 1988. Beginning in 1989, the revenues were
escalated based on an annual 4% inflation rate.

Updated schedule:

BSU Easement Acquisition 10,87 - 11/87
BSU Pipeline Design 11,87 - 2/88
BSU Pipeline Construction 5/88 - 8/88
Boise River Crossing Design : Spring 1988
Boise River Crossing Construction , 8,9/88

Customer Connections:

Art Gallery - 10/87
Forest River VI ) 10/87
Statehouse Inn : ' ' . Summer 1988

Other primary target buildings will not be contacted wuntil
such time as the revised contract with BGL is signed.

"The response of Boise City to media activities." Copies of
past newspaper clippings were sent to your offices some time
ago. There has been no further media coverage that we are.
aware of. We have not been asked to respond to any
geothermal issues by the media. OQur policy will be to
respond to the media, upon request, and answer any questions

that we can in a cooperative way.

The requested Teqhnical Progress Report for the period from
5/1/87 through 9/30/87 is attached. In the future, this
report will be submitted each calendar quarter. :




Peggy Brookshier
October 1, 1987
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In response to the last paragraph of your 1letter, our actions
resulting from the two letters you mention will be as follows:

Warm Springs

We do not plan to proceed with the on-campus work of the BSU
project until May 1988. We will proceed with the acquisition
of easements for the pipeline alignment.

It appears however that Boise Warm Springs Water District 1is
raising issues about supply of geothermal water. According
to Boise'’'s agreement with BGL the supply of geothermal water
is the responsibility of BGL. In a letter dated September .
15, 1987 from BGL'’s attorney concerns were expressed about
Boise City meeting and corresponding with Boise Warm Springs
Water District. We have, by 1letter of 9/30/87, informed
Boise Warm Springs Water District that any challenges with
respect to water rights are the responsibility of BGL. I am
enclosing a copy of the 9/30/87 letter to Boise Warm Springs
Water District.

We have met with Boise Warm Springs and have discussed an
inter-connection between our piping system and theirs. Such
an inter-connection should alleviate BWS’s water shortage
problems, and enable the City and BWS to jointly gain more
revenues from at least one of their customers who is now on
interruptable service. Further negotiations should be
initiated by BGL.

Idaho Department of Water Resources is targeting a pump test
of the geothermal aquifer in September 1988. This pump test
may provide a better understanding of the hydraulics of the
aquifer. Boise City is also initiating discussions with the
State of 1Idaho regarding the wusage of their wells  for
injection. 1If we are successful in these negotiations such
an inter-connection between the City and State system could
be accomplished in 3 or 4 months. '

Department of Energy Grant
In your letter of 9/16/87 'you reference a letter dated

8/28/87 and state "Do you plan to terminate the grant as
recommended by the Commission?" (emphasis added).

The Commission did not recommend terminating the grant but
only suspending further efforts to implement the grant until
such time as we have .a new contract with BGL. Additionally
the Boise City Council has taken no action on the :




Peggy Brookshier
October 1, 1987
Page 4

Commission’s recommendation. We do not expect to terminate
the grant agreement because we fully expect to have a new
agreement with BGL.

Please advise if we may furnish further information.

Sincerely yours,

MZ %W«\
Charles R. Mickelson,

Boise City Engineer

CRM:ab
1.46(093087)

Attachments:
Priority List
Projected Cash Flow
Technical Progress Report
9/30/87 Letter from Mayor to BWSWD

¢cc w/attachments:
Mike Wetherell, Boise City Councilman
Boise Geothermal Limited
Boise Geothermal Commission members
Steve Jordan, Geothermal Coordinator
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* ATTACHMENT NO. 1

TENTATIVE PRIORITY RANKING OF PRIMARY TARGET BUILDING (“Priority List")

{3} 3]

All Building Grant Estimated Ratio of
Pipeline Other Owner's Funds -Anpual Revenue/
Building Cost Costs Cost Needed Revenue Grant Funds
" . Art Gallery $7,000 Unk. . Unk. $7,000 $6,898 0.985
v One Capitol Center $125,000 $125,000 $22,419 0.179
Statehouse Inn $45,000 $45,000 $45,000 $45,000 $7,824 0.174
: Idaho First Plaza : $96,000 . $96,000 $16,028 0.167
: JB's Restaurant ) $32,000 $32,000 $4,971 0.155
: " St. Luke's (new wing) §76,000 §100,000 $100,000 $143,120 $20,989 0.147
BSU - Six Buildings [1] $492,100 $573,000 $573,000 §492,100 $68,432 0.139
BSU - Science Ed. I1 (2] $95,000 $95,000 $13,179 0.139
BSU ~ Science Ed. I (2] §120,000 $120,000 $15,597 0.130
Forest River VI (4] $4,070 Unk. Uunk. $4,070 $500 0.123
. Dowmtowner $145,000 $120,000 $120,000 $155,000 $17,644 0.114
Idaho Linen $20,000 $23,000 $43,000 $4,794 0.111
Imperial Plaza ‘ $50,000 $108,000 $158,000 $16,876 0.107
Hoff Building (IBS&T) $21,000 $21,000 $2,205 0.105
. Provident $27,000 $27,000 $2,781 0.103
C ' YMCA ‘ $123,000 $123,000 $11,219 0.091
. Family Fitness Center [5) $126,000 $126,000 $10,260. 0,081
Travelodge $10,000 $28,000 $38,000 $2,685 0.071

(1} simplot-Micron, Business Building, Library Learning Center, Liberal Arts building, Physical Ed. Building, Pavillion.
12} Additional BSU buildings beyond six-building package already agreed to by University.
{3]) Based upon Geothemmal water rates of 7/1/87, using § decrease of gas rates fram last update.
. [4] Waste water customer, new construction project has been bid. Construction cost shown.
L {5} Waste water pipeline.
- {6] St. Lukes is requesting a 3 year payback on hospital funds.

CRM (9/28/87)
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St. Dukes Mxdical (rew wing) (4)
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(1) Ensxd an 7/1/87 gos rates.
(2) Revenums estimated based on rates in efflact

1967(1) . 1983(2) 1969 1950 1991 1992 1993 1994 1995 1996
4,484 = 4,618 4,803 4,995 5,195 5,403 5,619 S,tH 6,077 6,320
545 562 $84 608 632 657" 683 711 739 769
0 0 0 0 0 5,679 7,061 7,343 7,637
8,893 9,160 95% 997 10,303 110,716 1,44 11,50 12,04 12,5%
17,568 18,095 18,819 19,572 20,355 21,169 22,005 22,8% 23,812 24,764
4,892 5,038 5,20 5,449 5,667 5,894 6,130 6,375 6,60 6,895
kv, 3 ks ] 347 %1 375, 30 406 422 439 45%
628 646 6n 69 2y 756 B6 818 851 835
501 s1? 537 559 S8l €04 628 64 680 w7
s 526 547 569 592 616 640 666 693 70
682 02 Bl 760 70 82 855 839 92 961
6,428 8,20 15,50 16,120 16,765 17,435 18,133 18,888 19,612 20,397
4 7% 807 840 8 . 99 94 982 1,02 1,062
1,45 1,798 12,20 12,71 1,272 13,802 14,35 498 155% 16,147
2,102 2,166 2,22 2,342 2,436 2,533 2,635 2,740 2,80 2,964
3,146 3,41 3,30 3,505 3,615 3,81 3,943 4,101 4,265 4,435
6,48 6,631 6,8% 7,112 7,49 7,78 8,068 8,391 8,726 9,075
L] 492 S12 532 . 553 575 59 622 647 673
10 15 182 189 197 25 23 223 20
18,0 WBU7 1,82 20,677 2,54 2,35 2B,29 24,189 5,157 26,163
3,155 3,20 3,20 3,515 3,655 3,802 3,94 4,112 4,276 4,447
1,489 1,54 1,%5 1,68 1,75 1,794 1,866 1,941 2,018 2,099
1,202 1,300 1,352 1,406 1,462 1,520 1,581 1,645 1,710 1,79
43 453 m 490 509 59 551 s73 596 619
2,27 2,284 2,35 2,40 2,56 2,671 2,78 2,839 3,005 3,15
11,%9 1,937 1245 12,9 13,428 13,965 14,523 15104 1578 16,337
108,711 113,581 125,065 130,068 135,271 140,682 151,98 159,222 165,91 172,214
0 4,00 7,9 7,685 7,992 8,312 8,644 8,990 9,349 9,73
0 0 103,%7 108,063 112,336 16,881 121,557 126,419 131,476 136,735
0 0 2001 281 2,64 2250 23,410 24,346 25,30 26,33
0 0 17,089 17,8% 18,50 19,313 220,086 20,89 2,75 2,53
0 0 4,89 5,086 5,289 5,501 5,721 5,949 6,187 6,435
0 0 535 5,538 5,79 5,990 6,29 6,479 6,738 7,007
0 0 4,05 2496 2595 2704 28,04 20,28 30,387 31,602
0 0 8,103 91,627 952292 9,104 103,068 107,190 11,478 115,938
‘ 0 4,000 20,810 281,642 292,908 304,624 316,809 329,481 342,661 356,367

0/1/87, {.0. N increase 7/1/87 to 10/1/87 fir all GGl astorers.

(3) Boiss Gallery of Art will be a custamer only part of FyS8, Fevenes for FY89 6898 x 1.03 x 1.04 = 7,389
(4) 88U bulldirgs & St. Luies ave sexrvad by V.1 rates. Escalatad from 7/1/87 estimate to 10/1/87 with a 4.6% rate increass then 4%
exch year thereafter begiming in 1969.
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ATTACHMENT NO. 3

TECHNICAL PROGRESS REPORT

BOISE CITY GEOTHERMAL PROJECT

5/1/87 Thru 9/30/87

-~ INDEX

Item
No.

1.0 Geothermal Contracts

2.0 Prospéctive Customers

3.0 Customer Systems Under Construction
4.0 BSU Pipeline

5.0 City Extensions/Modifications

6.0 Idaho Deparment of Water Resources

SnEo§ Jordan' 'PQE.

Geothermal Coordinator
. Department of Public Works
- Boise, City, Idaho . -*




Item
No. -Description

1.0 Geothermal Contracts

l.1 Statehouse Inn Contract :
Status: 8/19/87 Sent to owner for approval.
The owner is now evaluating engineering &
retrofit costs.

1.2 Forest River VI Contract
Status: Customer has signed and returned agreement with
' an addendum which required study. The
agreement has been revised to include the
elements requested in the addendum and

the customer approved the final draft on
9/24/87.




Item
No. Description

2.0 Prospective Customers

2.1 Fidelity Union Block NE Corner, 8th & Idaho, 48,000 square
feet plus more storage space in basement.

Status: 9/2/87 CSQHA is now in last third of 90-day
right-to-bid procedure. Also lining up
potential tenants., Tentative schedule:

March '88 -~ Start remodel construction ' J
May'88 - Geothermal hookup '
Sept '88 - First geothermal usage

2.2 Simplot Building, SW corner of 8th & Idaho
Status: 9/2/87 owned by BRA., No developers have bid in
response to recent advertising, but BRA is
holding informal discussions with one developer.

2.3 Broadbent Building ‘

Status: Discussed with customer on 9/16/87. They are
waiting for the BRA to turn the bulding over to
them. Excellent candidate for geothermal. Can
connect into lines in basement of Alexander
Bldg. and use a small pump if necessary.
Connection cost will be very low.

2.4 Convention Center
Status: Architect is Joe LaMarche. Engineer is Don
Wisdom. Discussed with Wisdom on 9/1/87.
Customer is insisting on a full sized gas/hot
water back-up system. We have asked Wisdom to

let us review the report before it goes to the
architect,

2.5 Oppenheimer Retail Space
Status: Heating decision not before late October.
Developer will be tied up until then.

2.6 Egyptian Theater Block; Roper/Janns (Ropers Clothing)-
Status: 9/18/87 BRA.anticipates retail construction to
be complete in August, 1988. This is new :
construction & building will connect to the new
main being constructed in Main St. o

2.7 YWCA, 720 W. Washington Present heat is gas - hot water, old
- _ furnaces. Owner can get 3% interest loan for - -
T upgrading. : o




Location is unattractive, requires 2-1/2 blocks
of new lines. Heating area 26,000 square ft.
Could use geothermal for 18-20,000. Present 4
year plan calls for 9,000 square ft. addition.

Status: We are evaluatlng and looking or other potentlal
customer in the area to justify lines.

2.8 - Mode Building ' :
Status: 9/18/87 -~ Owned by BRA. BRA has negotiated with
present tenant for a long term lease, which will
result in modernization of building including
heating system (tenant will pay all utilities
and maintenance costs). Good candidate for
geothermal. Brian Smith, architect will handle.




Item

Customer Systems Under Construction

City design of supply and return lines has been
completed. Cost estimates are over $5,000.
Formal specs & request for bids are now being
prepared. '

Service line connections were completed 8/27/87.
We will read meter and start service on request.

VI

Design of service lines done by City.
Contractor has completed the work except for
tapping into wastewater main, and surface
restoration at that location.

No. Description

3.0

3.1 Boise Art Gallery
Status:

3.2 Arid Club
Status:

3.3 Forest River

’ Status:

3.4

Alexander Building

Status:

Service lines are included in the contract to
bring the main lines down Main Street. (See 5.6)




Item

9/2/87 - CH2M drawings prepared in 1983 for the
bridge crossing have been reviewed by City.
Further work is on hold until a new contract
with CH2M is approved.

J-U-B Preliminary Report For Design of On-campus

We have reviewed the report and requested
changes and additions. When corrections are
made we will furnish a copy to D.O. E.

No. Description

4.0 BSU Pipeline

4.1 River Crossing
Status:

4.2

Pipeline System:

Status:

4.3 On Campus

Status:

The major work by JUB is on hold ﬁending o
resolution of items of conern expressed by BSU,
which are basically:

a) No construction before classes are out
(May '88) to preclude campus disruption.

b) JUB is exploring an option to use a
steam—produc1ng heat pump in lieu of retrofit of
building.

c) Uncertainty of reliable geothermal source.

d) Cost of disruption and reconversion to
conventional heating (if "C" happens) outweighs
the energy savings to be realized between :
January and June '88 by going ahead now. JUB
has been instructed to contlnue with easement
aquisition,




Item
No. Description

5.0 City Extensions/Modifications

5.1 Crossover Valve Project
Status: 9/23/87- Work 75% complete (parts late).
Scheduled to complete 10/5/87.

5.2 Line Extension to Alexander Bulding: Main Street - Capitol
~ to 9th ' )
Status: Contract awarded to T.C. Mac. Construction will
start 10/21/87.

5.3 1Intertie with State (Capital Mall) system.
Status: 9/2/87 - The present plans are to investigate
the use of one or both State wells for injection
. of both State and City (most of it) spent water.
We will furnish hot water to the State. State
to pay City for hot water based on terms to be
negotiated.

Estimates of piping tie-in costs are complete -
about $60,000.

Next step: Explore program with State
authorities to determine their level of
interest/cooperation.




Item
No. Description

6.0 1Idaho Department of Water Resources

6.1 Data gathering of temperature, pressure, and flow for BGL
wells.
Received 8/3/87 letter from L. Glenn Saxton requesting data
gathering.
Status: Final meeting (until further notice) held on
8/8/87. The general decision arrived at by the
task force deliberations are as follows:

1) A "pump test" of one of the BGL wells is
desireable to determine effect on BWS wells,

2) Duration: 2-3 days may not be of any value.-
30 days might be desireable but probably
cost-prohibitive, 7 days is best compromise.

3) Best time is last week in August or first
week in September.

4) There is/was not enough lead time remaining
to conduct a pump test in 1987 so it will be
postponed until 1988. IDWR will start now to
plan, and to appoint people to be responsible
for schedules and tests.

5) During the interim year, all "ordered" well
operators/users have been asked to collect data
on flows, temperatures, and water levels and
report to IDWR. This order is presently on

- "hold" until IDWR gives further notice to
proceed. They are studying instrumentation
required and available funding to pay for data
acquisition,

6.2 Potential Customers have inquired if funds from IDWR could
be made more reasonable, (preseent loan program 6% interest -
maximum 5 year term)i.e. 10 years @ 6%, or say 5 years at 4%.
Status: 9/2/87 - SEJ discussed with Joan Sipple. No
chance of more favorable financing. Rules are
made by IDWR. No one else has ever asked.
Government customers can get 10 year loans.

4GEOl/2




ATTACHMENT NO. 4

OFFICE OF THE MAYOR

CTTY OF TREDS ' BOISE CITY, IDAHO

DIRK A KEMPTHORNE COUNCIL MEMBERS

MAYOR

H. BRENT COLES. COUNCIL PRESIDENT
Q , _ ‘ MIKE WETHERELL. COUNCIL PRO-TEM
acptcmbcr 30, 1987 SARA BAKER
. MARY TATE
RON J. TWILEGAR

T. O'Rouark, Chairman JAY L WEBS

Roise Warm Springs Water District
2440 0ld Penitentiary Road
Roise, Idaho 83712

Dear Mr, O'Rouark:

This letter is writken in response to your letter of Auqust 20, 1987,
Please  be advised that the City's water rights were assigned to Boise
Geothermal Limited as part of the Geothermal Lease and Agreenent
entered 1into between the City of Boisc and Boise Ceothermal Limited.
Consequently, it is the position of the City of Boise that it 1is the
responsiblity of RBoisc Geothermal Limited to respond to any challenges
regarding priority and impairment of water rights belonging to the
Boise Warm Springs Water District,

For your information, however, I would like to advise you that Boise
City will not be extending the pipeline to the Boisc State University
campus during the heating year of 1987-88. Since BSU will not be
taking watecr during 1987-88 my staff advises me that the City will
probably utilize about 130 million gallons, down from 170 million
gallons as referenced in my August 7, 1987 letter.

Additiopally, as my staff has pointed out to you, the City is
installing temperature control valves at the ends of scveral of our
dead-end pipelines where temperature degradation is a problem for our
customers., The installation of these automatic valves should reduce
the consumption of the water within the City system substantially.

Boise City 1is also pursuing the utilization of the State of Idaho
Capital Mall geothermal wells for usc as injection wells. A  request
has bhecen forwarded to the  Covernor's office and we are awalting a
preliminary response in the near future. We intend to assist Boise
Ceothermal TLimited in developing a formal proposal for an
interconnecton which could allow the continuous supply of water to the
RBoise Warm Springs Water District in the event of a mechanical failure
as  well  as uninterruptible supply to the Idaho State Health Lab. We
are hopeful that Boisec Ceothermal Limited will be responding to this

POST OFFICE BOX 500 BOISE. IDAHO 83701
AN EQUAL OPPORTUNITY EMPLOYER




matter in the very near future and we will be able to provide this
formal proposal to your board. Plecase rest assured that the City Iis

very anxious to resolve this geothermal supply issue which the Boise
Warm Sprlng° Board has raised.

Slncerely your

,¢c<c___——______‘_~_-§
Dlrk Kempthorne

MAYOR OF BOISE

DK:jr
ACMY/7

cc: William J. Ancell
Charles R. Mickelson
Steve Jordan
Jean R, Uranga
Boise Geothermal Limited
SF/CF




INVESTIGATION CF THE
BOISE, IDAHO GEOTHERMAL SYSTEM

by
_
R. Keith Higginson
and
Jack A. Barnett

Higginson-Barnett, Consultants

June 1, 1987




INVESTIGATION OF THE BOISE, IDAHO GEOTHEkMAL SYSTEM

Introduction

Boise State University (BSU) entered into a contract in June
1986 to purchase geothermal water from the City of Boise to be
provided by Boise Geothermal, Ltd. (BGL). The water is to be
supplied from wells located in the Boise Military Reserve Park
area along the Boise Front foothills near the northeast edge of
the City. BSU's intended use is for space heating of campus
buildings.

Several other organizations are either currently utilizing
large quantities of geothermal water from the same or a similar
source or plan to do so in the near future. These organizations
include the Boise Warm Springs Water District (BWSWD), the State
of Idaho Capitol Mall (CM), and the Veterans Administration (VA).
Each of these entities have wells which have been constructed
into the geothermal reservoir. The CM and VA systems include
reinjection of the spent geothermal water while the BGL and BWSWD
systems discharge to the Boise River or other surface disposal
source. Figure 1 is a map of part of the Boise area showing the
location of the wvarious wells systems discussed in this report.

There are also a number of other wells which intercept
thermal water in the Boise Area (12). These are principally used
for heating of individual homes and businesses or for irrigation
purposes and their total usage is unknown. Due to the lack of
general information concerning these uses and the time
constraints within which this study was to be accomplished, they
have not been investigated. There are only a small number of
such wells which withdraw water in close proximity to the Boise
Front fault system so their effect on the wells investigated is
not expected to be very great.

Concern has been expressed that the withdrawal and use of
geothermal water from the Boise Front fault system by the various
organizations over time may cause changes in the quantity of
fluid which can be produced, or a 1lowering of water levels
(pressure) and/or temperature of the water thus decreasing its
value for space heating purposes. This could orcur with regard
to the small individual thermal wells as well as the larger
systems studied in this investigation. _

The purpose of this study is to review the existing
information on the development and use of the Boise Front
geothermal system and to make recommendations to the University
regarding its proposed expenditures to retrofit the heating
systems of existing campus buildings or incorporate geothermal
heat into future structures. The authors acknowledge and express
their thanks for the assistance of several organizations and




individuals who supplied information, reports and suggestions.
These include Chet Shawver -and Charles Waag of Boise State
University, Norman Young and Paul Castelin of the 1Idaho
Department of Water Resources, Charles Mickelsen and Jack Kelly,
consultant, for the City of Boise, Terence O'Rouark and Robert
Griffiths of the Boise Warm Springs Water District and William
Young of the U. S. Geological Survey. In reaching our
conclusions and recommendation we have also consulted with Gerald
Niimi of ThermaSource, Santa Rosa, California. His written
comments are contained in a letter included in this report. The
numbers "(1)" which appear in this report refer to published
reports and collections of data listed in the Bibliography which
is attached.

While the Boise Warm Springs Water District and its
predecessors have utilized geothermal water in the area for
nearly a century, additional major uses have been commenced
within the last 4 years which have altered the previously
existing situation. The effects of these new uses may not be
known nor detectible yet because of the lack of data. However,
this report will examine the information currently available and
will attempt to interpret any changes or trends which appear even
though little data exists with respect to the recent changes in
use.

System Description

The Boise Front geothermal system has been described (6, 13)
as occurring in a series of deep seated southeast to northwest
trending structural faults along the northern margin of the Snake
River Plain at its boundary with the Idaho batholith. The
general location of the faults is indicated on Figure 1. These
faults have been mapped for distances of 20 km to the northwest
and 65 km to the southeast of Boise (6). The fault blocks are
downthrown to the southwest side of the fault under the Boise
Valley and are overlain there with alluvium.

Water is believed to be heated by circulating deep within
fractures in the batholith. This circulating water rises along:
the Boise Front fault system to the land surfac- or to buried
basalt and rhyolite aquifers in the downthrown fault blocks
through which it flows to the southwest away from the fault
system and where it mixes with cool ground water. The highest
ground water temperatures are measured along the Front fault in
springs and wells at the northeast edge of Boise. As you move
away from the fault the temperature of wells tends to become
generally lower. This is presumed to be caused by mixing of the
hot water from the fault system with the cooler ground water of
the area.

Hot water from this system was first developed by drilling
wells in the 1890's near the old Idaho State penitentiary. The
water was used in the eastern part of the City for space heating
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Figure 1. Boise Front Fault Area and Locations of Major Geothermal Wells.




and bathing purposes. The commercial hot water delivery system
was very extensive in its earlier days and at one time including
heating of a number of buildings in the central business
district. The Boise Warm Springs Water District is the successor
to this early development and presently operates a hot water
supply system serving about 239 homes and businesses in the
eastern part of the City of Boise.

In more recent years (beginning in 1981) other major
geothermal water wells have been drilled into the Front fault or
into the downthrown blocks southwest of the Front fault. The
history of use and the data made available from the operation of
all of these wells appears to have established the fact that the
Front fault is the conduit which allows the geothermal water to
rise from the depths where it has been heated. If the water is
not intercepted by wells drilled into the fault zone it enters
basalt and rhyolite aquifers at rather shallow depths and flows
southwestward under the Boise valley. In these aquifers the
water is cooled by mixing with cold ground water associated with
the Boise River and its tributary streams. )

Existing Developments

Boise Warm Springs Water District - The District owns three
wells near the 0l1d Penitentiary site which are described as
follows:

BWSWD #1 - depth - 400 feet
casing - 12 inch to 160 feet

BWSWD #2 - depth - 400 feet
casing - 12 inch to 160 feet

BWSWD #3 - depth -~ 595 feet
casing 16 inch to 210 feet

Wells #1 and #2 were drilled in about 1891 and have supplied
the District and its predecessor companies with hot water for
almost 100 vyears. The quantity of water presently required
varies with the seasonal temperature from a 1low of 125-150
gallons per minute (gpm) in the summer to as much as 850 gpm.
Historically, it is estimated that the wells supplied about 1200
gpm at peak use (4). When not being pumped the water levels in
the wells have recovered, at times in the past, sufficiently to
cause the wells to flow at land surface. Until recently, the
wells are reported to have flowed almost every summer season for
from 4 to 6 weeks sufficient to supply the system's needs (R.
Griffiths, personal communication). The District's records
indicate that the wells flowed for one to two weeks during the
months of July, August or September in each of the years 1980,
1981, 1982 and 1983. The wells have not flowed since 1983 and
the water 1levels have not recovered during the summer low use




period since that year to closer than -25 feet below 1land
surface.

BWSWD #1 and #2 each have pumps set in the casings at a
depth of about 160 feet below land surface. This limits the
depth of drawdown which can be tolerated at the present pump
settings. If the water level is drawndown to greater depth the
pumps break suction and can be damaged by continued operation.
The District is considering lowering the pumps but it is noted
that this will place the pumps in the uncased portions of the
wells. The effects of this are unknown at this time.

used today only for observation of water 1levels in the fault (S
system. Figure 2 is a record of water levels in this well since W
1982. It shows a steady decline to the present of approximately Q}i‘\
17 feet overall or about 4 feet per year. Unfortunately, there ‘39 v
does not appear to be data on the water levels in the BWSWD wells} N
for their first 90 years of use. ¢’

BWSWD #3 was drilled in 1981 but was not successful and is F

The quantity of water produced by the BWSWD wells in recent
years is approximately as listed in Table 1. The information is
partially estimated dQue to the fact that the District's flow
meter was not always operating during the reporting period. For
such periods the monthly quantity pumped was estimated by
comparison with usage during that particular month in other years
and with usage for the months prior to and following the period
of inoperability of the meter. The monthly quantity diverted
varies with climatic conditions from a high of 46.8 million
gallons in January 1982 to a low of 5.6 million gallons in August
1986. The District apparently has no long term records of the
water temperature. The produced fluids are believed to be at
about 172°F,.

Table 1. Withdraﬁal of Geothermal Water by the Boise Warm
Springs Water District Wells.

Year Pumpage (million gallons)
1981 238.3
1982 : 266.2
1983 282.4
1984 292.5
1985 : 280.3
1986 : ‘ 245.7

All of the geothermal water produced by the District are
lost to the system as there is no reinjection of the used £fluid.
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State of Idaho Capitol Mall - The State drilied two wells in
1981 to obtain hot water for heating of the State Capitol and
other buildings in the Capitol Mall area. These two wells are
described as follows:

CM #1 - depth - 2150 feet
casing - 12 inch to 1750 feet, open hole to td

CM #2 - depth -~ 3030 feet
casing - 12 inch to unperforated to 1258 feet,

perforated to 2550 feet, open hole to
td.

Well #2 is used for production and Well #1 for reinjection.

All the geothermal water produced is reinjected. When f£first
completed and placed in operation Well #2 produced fluid at about
159°F temperature. Records kept since the beginning of use in.
the 1982-1983 heating season indicate that the temperature of ‘the
hot water supply stream has declined slightly from about 159°F to

154°F through the 1986-1987 heating season. This .decline has
been at a rate of about 1°F per year. Figure 3 is a plot of
temperatures of the supply stream taken on the 1st, 5th, 10th,
15th, 20th, 25th, and 30th of January in each of the years
1984 through 1987. January was chosen because pumping is at a
maximum at that time of year. .

The production of geothermal water from the CM #2 well has
been as shown in Table 2. These records are compiled f£from
information supplied by the State of Idaho.

2

Table 2. Withdrawal of Geothermal Water by the State of
Idaho for the Capitol Mall.

Year Pumpage (million gallons)
1983 79.0
1984 205.2
1985 196.4
1986 188.6

Use of the geothermal water for heating purposes in the CM
system causes a temperature change of about -25°F. The water is
produced at a present temperature of about 155°F and is
reinjected into CM #1 at a temperature of about 130°F. Because
of the well construction and perforation locations of CM #1 and
CM #2 it 1is possible that the spent geothermal £fluid being
injected at CM #1 is mixing with the water being withdrawn £from
CM #2. The two wells may be partially recirculating the same
water, thus explaining the cooling which appears to be taking
place. It is also possible that withdrawal of geothermal water
from the Front fault system by the pumping of the BGL and other




wells is intercepting part of the recharge to the CM production
well thereby resulting in a cooling of the geothermal supply to
the CM well because more cold water is now mixing in the fluids
moving through the faults and aquifers tributary to the CM well.

Boise City (Boise Geothermal Ltd.) - Development of the BGL
wells system began with the drilling of three slim holes and two
exploratory test wells in 1976 (13). These were tested during
1976-1978. In 1981, four production wells were completed in the
Boise Front fault system in Military Reserve Park (10). These
wells are described as follows:

BGL #1 - depth - 2008 feet
casing - 12 inch to 857 feet, 8 inch perforated
casing 857 to 1657 feet, open hole to td.

BGL #2 - depth -~ 880 feet
casing -~ 12 inch to 642 feet, open hold to ta.

BGL #3 - depth - 1897 feet
casing - 12 inch to 680 feet, 8 inch perforated
casing 680 to 1050 feet, open hole to td.

BGL #4 - depth - 1103 feet
casing - 12 inch to 687 feet, 8 inch perforated
casing 687 to td.

BGL #2 and #4 were test pumped for varying period during
1982. The hot water delivery system was put into operation in
October 1983. Table 3 lists the annual production of geothermal
fluid from the BGL system through 1986.

Table 3. Withdrawal of Geothermal Fluid by the Boise
Geothermal Ltd. System Wells.

Year Pumpage (million gallons)
1983 53.8
1984 153.1
1985 ' 129.1
1986 ’ 199.2

The water produced by the BGL wells has a temperature of
about 172°F. '

One of the exploratory test wells drilled for this project
in 1976 is referred to as the BLM well. Records were kept of the
water level in this well during the 1976-1978 period. A . recorder
was operated on the well in the 1981-1982 period. It was
subsequently found that the new well drilled for the VA project
(VA #1) had a similar water level so a recorder was placed on the
VA well in 1983. It remained there until it was removed recently




because the VA system is being prepared for operation (J. Kelly,
personal communication).

Records (13) collected from the combination BLM/VA

observation wells show that at the time the exploratory program
began in Military Reserve Park in 1976-1978 the geothermal
aquifer was under sufficient artesian pressure that the shut-in
well head pressure varied seasonally from 19 to 22 psia. This is
equivalent to a water level of +43 to +53 feet above 1land
surface.

Figure 4 is a plot furnished by Jack Kelly, consultant to
BGL of records of water levels in the BLM/VA wells for the period
1981 to the present. These show that the water 1levels have
decreased (presumedly due to pumping from the aquifer) to the
point where during the current (1986-1987) heating season the
level in the VA well started in September at -20 feet below land
surface and drew down to -48 feet below land surface in February.
There has been a net lowering of water level 3t the location of
the BLM/VA wells of some 72 feet during the off-peak use period
(September) and some 91 feet during the peak use period (January-
February). The trend appears to be continuing with lowering at
the rate of ‘about 5 feet per year in the off-peak period and
about 7 feet per year during the peak use period. We have not
had the opportunity to examine .any information on changes which
may have taken place over time to the pumping levels of the BGL
wells but it is expected that the drawdown in those wells for the
same gallons per minute of production has substantially
increased.

Records of pump testing (13) of the BGL and CM wells in
1981-1982 indicate that they mutually interfere with each other
and that the effects of operation of either system can be
measured at the BLM/VA wells.

The report (10) of test pumping of the BGL wells in 1982
indicates that BGL #2 and BGL #4 were operated at various pumping
rates for the indicated periods of time.

BGL #2 - step test (400-1000 gpm) - Aprfl 7, 1982

BGL #2 - constant rate (900 gpm) - April 6 to April 15, 1982
BGL #4 - step test (35-180 gpm) - April 26, 1982

BGL #4 - 160 gpm - April 28 and 29, 1982

The test pump report indicates:

"No measurable effects from testing of BGL-2 and BGL-4 could
be seen on the records of the ...BWSWD No. 3 wells. No estimate
of aquifer characteristics at these wells can be made from the
testing program data collection. BWSWD No. 3 may be in hydraulic
connection with the other geothermal wells discussed above but
this assertion 1s not supported by the test data."
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It is noted that the report does not conclude that there was .

no effect of the test pumping at the BWSWD wells, but instead
that no effect could be measured. The BWSWD Well #3 is located
approximately 6500 feet from the BGL wells. However, it is only
about 600 feet from BWSWD Wells #1 and #2 and it would be
expected that the water level in BWSWD #3 would be affected more
quickly and to a larger degree by pumping rate wvariances in the
producing BWSWD wells than by pumping wells much greater distance
away.

The records of the BWSWD indicate that during the BGL
testing period BWSWD wells #1 and #2 were also pumping.
Unfortunately the Sparling meter which would have measured the
pumping rate was not operating but the water level in those wells
had been drawn down due to such pumping to levels between 50 and
158 feet below land surface. The date and the water level in
each of these wells was as indicated below:

Date BWSWD #1 Level (ft) BWSWD #2 Level (£ft)
4/7/82 -150 =125
4/8/82 -150 -155
4/9/82 no record . -140
4/10/82 no record -145
4/11/82 -85 -110
4/12/82 -85 -120
4/13/82 -80 -110
4/14,/82 -75 -105
4/15/82 -95 -140
4/16/82 -105 -155
4/17/82 -100 -145
4/18/82 -85 -125
4/19/82 =105 -155
4/20/82 -105 -158
4/21/82 -100 ' -155
4/22/82 -85 -120
4/23/82 -65 -80
4/24/82 -65 -80
4/25/82 -80 ~90
4/26/82 -75 -390
4/27/82 -65 -85
4/28/82 -50 - -65
4/29/82 -85 =120
4/30/82 -95 -110

~ Because of the obvious pumping operation of BWSWD wells #1
and #2 during the testing period of the BGL wells and the
location of BWSWD Wells #1 and #2 within less than 600 feet of
BWSWD Well #3 which was being used for observation of test
results from testing of the BGL wells it is not surprising that
the results were inconclusive. It is our belief that the pumping
operation at the BWSWD wells masked any effects which otherwise
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might have been measured at BWSWD #3 due to the pumping of the
BGL wells.

All of the geothermal £fluids produced by the BGL wells are
lost to the system as there is no reinjection of the used fluid.

Veterans Administration - A production and an injection well
were drilled for this project in August-September, 1983 but no
information has been obtained concerning any testing which may
have been conducted. The wells are described as follows:

VA #1 (Production) - depth - 1666 feet
casing - 16 inch to 140 feet, 12 inch
to 802 feet, 8 inch perforated
to 1500 feet, open hole to td.

VA #2 (Injection) - depth -~ 1840 feat
casing - 10 inch to 130 feet, 7 inch
) perforated to 1480 feet open
hole to td. .

The production well penetrated about 800 feet of rhyolite
which appears to be the same aquifer as developed in the CM
wells. The use of this well to monitor the effects of
withdrawals from the BGL system 1s evidence that it is
hydraulically connected also to the Front fault geothermal
system. When the VA system is placed into operation it will
increase the pumping load on the Boise Front fault and
interconnected geothermal system. The extent of planned use by
the Veterans Administration is unknown.

Analyvsis of Available Data and Anticipated Future Uses

From an analysis of the data assembled for this study
several general findings are apparent.

1) The BWSWD wells have declined in production since the.
BGL and CM wells went into operation in 1983. The BWSWD wells
have not recovered to a flowing condition following the heating
season of heavy usage in the last three years. They reach their
limit of drawdown (-155 to -160 feet due to pump setting) during
the heating season for longer and longer periods of time than
ever previously experienced by the system. This increased
drawdown of the BWSWD wells does not appear to be caused by an
increase in pumping and production from the BWSWD wells.

2) The water level in BWSWD Well #3 has declined steadily
since the record was first started following drilling of the well
in 1982. The high (August) level and the low (February) level
have declined about 17 feet and about 12 feet respectively in the




four years for which records are available. This decline does
not appear to be related to the operation of the BWSWD production
wells but to a general decline in water 1levels or artesian
pressures in the Boise Front fault aquifer system. Some other
influence is causing the lowering of the water level in this
observation well and in the BWSWD production wells. It cannot be
a result of lack of natural recharge to the system since the
yvears 1983, 1984 and 1986 were all above normal.

3) The CM and BGL wells have been determined by test
pumping to mutually interfere with each other. As measured at
the BLM/VA observation wells, the water 1level or artesian
pressure in the geothermal agquifer system has declined
significantly since the wells were first produced beginning in
1983. While it is recognized that production from a well causes
a loss of pressure and a lowering of the water level in a well it
is normally expected that water level recovery will take place
during the low-flow or non-use period unless the amcunt of water
being pumped is exceeding the natural recharge of the aquifer
system. There has not been complete recovery in the system for
any year of operation of the BGL and CM wells. The annual high
water level appears to be falling progressively from year to year
at a rate of about 5 feet per year. The low level is falling at
the rate of about 7 feet per year.

4) The highest annual usage from the BGL wells system was
in 1986 when 199.2 million gallons were pumped. The peak monthly
usage was in January 1987 when the system pumped 34.2 million
gallons. This required an average rate of diversion of 766 gpm.
It is expected that the following BSU buildings will initially be

served by the BGL system at the indicated peak geothermal water
flow requirements:

Pavilion 180 gpm
Physical Education Building 110 gpm
Liberal Arts Building 50 gpm
Library/Learning Center 120 gpm
Business Building 60 gpm
Simplot-Micron Building 60 gpm

Total 580 gpm

The addition of the BSU service to the existing puﬁping load
from the BCL well system would increase the potential withdrawal
by -about 75%.

5) Information furnished by Boise City (BGL) indicates that
anticipated future "Normal Weather Year" usage including supply
to BSU and other potential new customers will total about 273.4
million gallons. Thisgs would be an increase of pumpage of 73.8

)
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million gallons or 37% higher than the usage from the aquifer
system in 1986. The City also reports that. of the 273.4 million
gallons expected to be pumped in a "normal" year only 196.8
million gallons (72%) will be used and 76.6 million gallons (28%)
will be "waste flows".

6) The temperature of the water obtained by the State of
Idaho from CM #2 well has declined about 4°F since the well was
first placed in operation in 1983. This decline has been
continuous and consistent over the four years of records. It is
our opinion that the temperature change has been caused by either
or both of the following causes:

a. Reinjection of cooled spent geothermal water into CM
Well #1 and recirculation of this water through the aquifer
system to production well CM #2. Use within the Capitol
Mall results in cooling of the water by about 25°F. Return
of this cooled water to the aquifer system at a point where
it cannot be reheated by deep circulation within the Boise
Front fault system may be contributing to gradual and
continuous cooling of the water available for withdrawal
from CM Well #2. .

b. Pumpage and consequent 1lowering of pressures in the
Boise Front fault system by the BGL and BWSWD wells may be
intercepting and thereby reducing the quantity of heated

geothermal water which would otherwise rise along the fault
and enter the aquifer from which the CM Wells produce. The

interception of the recharge of the hotter fault system ).“(

water may be lowering the overall temperature of the QJV
geothermal aquifer underlying the Capitol Mall area.

7) Water quality analyses (4) of thermal and shallow cold
water in the Boise area indicate that the BWSWD, BGL and CM wells
likely obtain thermal water from a common source. Records
furnished by the City and information from BWSWD (R. Griffiths,
personal communication) indicate that the BWSWD and BGL well
water temperatures are each an almost constant 172°F. The CM
water temperature is less, now 155°F, as would be expected away
from the Front fault where the water likely mixes with cooler
ground water.

8) A comparison of the water level elevations of the BWSWD
#3 well and the BLM/VA well provides further corroboration of our
conclusion that the geothermal resource developed by the BWSWD,
CM, BGL and VA wells is interconnected.
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The approximate high water (September) 1levels in these two
observation wells during the recent years has been as follows:

Year BWSWD #3 (ft) BLM/VA (ft)
1982 2759 . 2764
1983 2755 2761%
1984 -l 2752391
1985 2747, 275
1986 27427 274654

T g
The relationship is too consistent to be coincidental. Both
have declined 17-18 feet since 1982. '

9) The report of the geothermal resource exploration which
occurred in the 1976-1978 period (13), we believe, correctly
concluded that "the area of the aquifer within the fault zone &
believed to be relatively narrow. A narrow fault zone would
result in a strongly elongated cone of depression, caused by
pumping, with the long axis superimposed over the fault zone."
If this is found to be true it can be expected that the effects
of pumping from the fault 2zone will be transmitted primarily
along the length of the fault zone. This will result in pressure
reduction and water 1level declines at distances considerable
greater along the fault than would be fOund at observation wells
at right angles to the fault zone.

10) Test pumping information (10, 13) indicates that the
Front fault aquifer penetrated by the wells in the Military
Reserve Park area shows a high value for transmissivity (a
measure of the ability of the aquifer to transmit water) during
the early minutes of the tests. The value decreases in steps to
very 1low values over time and the data indicate that the
available aquifer system includes several physical boundaries.
These boundaries may be the fault system or some other impediment
to water movement to the pumping well. This information is
indicative of a limited aquifer system which cannot be expected
to yield large quantities of water over time without a lowering
of the water table or artesian pressure until a new equilibrium
is reached. The initial transmissivities calculated by the
several investigations indicate hundreds of thousands of gallons
per day per foot during the initial periods of operation of wells
but only tens of thousands of gallons per day per foot during the
later periods. We believe that the transmissivity which can be
expected over the long period of aquifer is more correctly the
smaller figures.

Water Right Considerations

The State of Idaho, Department of Water Resources regulates
the use of hot water and geothermal energy resources. The 1987
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Legislative Session passed amendments (SB 1133) to the ground
water and geothermal 1laws which declared ground water with a
temperature greater than 85°F and less than 212°F to be a "low
temperature geothermal resource”. Such resource is to be
administered under the water laws of the state which follow the
rrior appropriation doctrine of "first 1in time is first in
right". The bill provided that all geothermal rights to the use
of a resource which would be classified as a low temperature
geothermal resource pursuant to the bill and with prlorities
prior to July 1, 1987 were to remain valid.

It is uncertain how this bill may affect any entity which
aolds rights to develop geothermal resources and which does not
alsno hold water rights to the fluid produced. Since all the
water being produced by the various entities from the Front fault
geothermal system fits in the temperature category of the new law
and since all entities appear to have water rights covering their
developments we assume that the water right laws will apply to
this resource. This will mean that the first entity holding
valid water rights to the resource will be protected in its
continued usage as against all subsequent appropriators. Other
provisions of the state ground water laws will also come into
consideration such as the establishment of reasonable ground
water pumping levels and the controlling of uses so as not to
exceed the "reasonably anticipated average rate of future natural
recharge".

The Idaho Department of Water Rescurces has provided a 17-
page abstract of geothermal water rights covering wells used for
heating in the Boise area. A copy is attached to this report.
The abstract indicates that the Boise Warm Springs Water District
claims rights to 12.80 cfs (5744 gpm) of water with a priority of
1894. Of the principal users whose systems have been examined in
this study, Boise Geothermal Ltd. holds the next priority water
permit for 12.00 cfs (5386 gpm), BWSWD next holds a permit for
4.00 cfs (1795 gpm) presumedly for the water it hoped to obtain
from BWSWD Well #3, the State of Idaho holds the next permit for
5.57 cfs (2500 gpm) for the Capitol Mall, and then the Veterans
Adminstration has a permit for 2.23 cfs (1000 gpm).

There are numerous other water rights on the state's
abstract. It is possible that diversion and use of water under
some of these may be affected by withdrawals from the Boise Front
fault system. The total quantity of water under the claims and
permits of the BWSWD, BGL, CM and VA systems is 36.60 cfs or
16,426 gpm. This should be compared against the present maximum
monthly withdrawal of water from the presently-operating BWSWD,
BGL and CM wells in January 1987 of 93.7 million gallons or an
average rate of withdrawal of 2099 gpm. If each of these
entities were to increase its use from the resource up to the
quantity presently claimed or permitted the pumpage from the
aquifer would expand nearly eightfold.

}/
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If it were to be determined that the present or planned
future withdrawal of water from this resource is or will exceed
the "natural recharge" or the safe sustained yield the Department
could initiate any of a number of regulatory strategies.

The state could declare the area to be a "Critical Ground
Water Area" (Sec 42-233a ICA). This would require a finding that
the resource will not support the already developed or permitted
withdrawals. With such designation it is expected that no new
permits would be issued and use could even be curtailed under the
existing permits and rights based on water right priorities. The
Department could also designate the area a "Ground Water
Management Area" (Sec 42-233b ICA). The users in the designated
area would likely be required to report withdrawals of water and
other information such as water levels, pressures, temperatures,
etc.

The state may also consider requiring the various users who
are not presently doing so to reinject the vsed geothermal water
back into the ground. The injection well location, depth, design
and costs associated with such action have not been examined but
it will not be easy to accomplish.

It is also possible that a user may feel that its rights are
being infringed by the use of another appropriator with a later
priority and bring an action in the courts. This would 1likely
result in litigation to determine the water rights of the parties
and to determine the extent of any claimed interference. The
result could be a restriction on the use of water from the
resource by one or several of the present and proposed users.

Conclusions and Recommendations

It appears evident that recent developments in the use of
the Boise Front fault geothermal system is resulting in changes
in the pressures and temperatures of the aquifers. There is
nothing currently available which would indicate that the aquifer
has reached a new state of equillibrium and that conditions in
the aquifers have stabilized. Present information indicates that
it can be expected that water levels will continue to decline for-
some years to come. It is also likely that the temperature of
the water supply for the Capitol Mall will continue to decrease
as long as the State's reinjection well is used and/or the
pumping continues from the Front fault aquifer.

The anticipated increased pumpage to provide the additional
uses proposed by Boise Geothermal Ltd., including supply to Boise
State University and the activation of the proposed heating
system by the Veterans Adminsistration will place new loads on
the systen.

For the University, some risks are involved in its plans to
retrofit existing campus buildings and to accept delivery of
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thermal water from the BGL system. On the other hand, all risks
may be entirely upon BGL since it has the responsibility under
the contract with BSU of supplying hot water to the campus. But
we believe the University must understand that there is a
possibility that BGL cannot meet its obligations under the
contract over the long term. 1Its inability to continue delivery
could be caused by any or all of the following reasons:

1) 1If, as it appears, the Front fault aquifer is found to
be limited in its ability to supply hot water the total quantity
which can be withdrawn will have to be restricted with time to
the "safe" or sustainable yield. This may be found to be 1less
than enough to supply all the present uses and the additional
proposed uses by Boise State University, the Veterans
Administration and others.

2) The BGL system holds a secondary water right priority
for the withdrawal of geothermal water to the Boise Warm Springs
Water District. In the event future administrative or 1legal
action is taken which results in a limitation on the quantity of
geothermal water which may be withdrawn from the aguifer the BGL
system could be shut down or restricted in use. It is evident
that the Front fault system will not support all the development
which has been claimed and permitted to date. It is also
possible that, with time, the pumping of water from the
geothermal system in the Front fault may affect other entities
with rights for heating purposes which are included in the
state's water right abstract.

3) Continued withdrawal and use of water from the Front
fault system could result in a gradual cooling of the supply
stream. As the pressure or water level in the geothermal aquifer
is drawn down through use by the various entities it can be
expected that there will be increased opportunities for thermal
contamination of the aquifer from shallow cold water sources.

Given these possibilities, it is recommended that the
University take all reasonable and legal steps possible to assure
itself of continued future delivery of hot water in sufficient
quantity and temperature to meet its needs before expending funds
for conversion of the present heating systems. It may be that
the present contract with BGL provides all the assurance needed.
If, however, competent legal advice suggests that some contract
amendments may be required to cover the eventualities 1listed
above, then we recommend that contract amendment be pursued prior
to commencing the modifications.

Consideration should also be given to the requirement  for
the posting of a hond or other security by BGL to protect the
investment which BSU is preparing to make in conversion of its
heating system and to cover costs of reconversion if there is
ever a cut off of the hot water supply from BGL in the future.
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The Boise Front fault geothermal system is an outstanding
resource which has provided for space heating in the Boise area
for about a century. Recent expansion of use of the system by
BGL, CM, VA and others has given the promise of additional
benefits to the community. However, the aguifer system is in a
state of flux with changes taking place in temperature, pressure
and quantity produced. Present uses may be exceeding the long-
term sustainable yield of the system. However, today users are
in the early stages of data collection and more information is
needed before the developers and the regulating agency can
determine if controls are needed on the allowable amount of use.
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725 Farmers Lane ¢ P.O. Box 1234 « Santa Rosa, California 95402

ThermaSource inc. (707) 523-2960

May 23, 1987

Mr. Keith Higginson
Higginson-Barnett, Consultants
106 West 500 South, Suite 101
Bountiful, Utah 84010

Dear Keith,

I have completed a review of the information that you sent nme
concerning the Boise, Idaho, geothermal system. The drawdown
and production é&ata indicate that the hot water systex 1is
large, but limited in extent., Although the system is capable
of supporting additional hot water production, the data

suggests a system that is nearing full development. Any
significant new withdrawals would need to be approached
cautiously.

Geologic studies have concluded that the two major hot water
supply systems, BWSWD and BGL, draw their water from a common
source, Yet the production data shows little if any direct
interference between the two systems. Also the calculated
values for transmissivity(very high) and compressibilityv(low)
would lead to the expectation of interference between the
systems. My examination indicates that the physical
separation between the two systems both vertically and
horizontally, precludes direct communication. Moreover the
faults that created the conduits for the upwelling of
geothermal fluids also provide barriers to pressure
communication. Tnere is little doubt that the two systems do
interact somewhere, somehow. Attached is Figure 1 which is my
conceptual idea of a simple fluid £flow mcdel to explain the
observed data. A quantitative model would be more meaningful
but would be difficult to obtain.

Water level data from BWSWD #3 shows a gradual lowering of
the water levels at recovery and increased drawdowns to
support stable water withdrawals. Such behavior was evident
even before the BGL and Capitol Mall(Ci) systems started. The
data does not show that drawdowns were exacerbated by hot
water production from the newer systems. In my opinion the
BWSWD aquifer may be 1leaking into shallow ground water
aquifers because the annual swings in water levels in BWSWD
$3 (80-90 ft) are about four times greater than that observed
in the BLM well (20 ft) for identical distances away €from
producers and only twice the withdrawals., My own calculations
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of transmissivity(Xh) and storativity(@dCh) agree with
published values. This reservoir system 1is charactarized by
high transmissivity (higher than 2GL) and low storativity.
Simple calculations would show that a reservoir with these
properties would conduct pressure transients to the BGL
system and vice-versa. The fact that no response between
systems has been reported suggests the interference occurs at
the reservoir boundaries. Doubling of withdrawals starting in
1983 did not create a sudden and marked response, which leads
to the conclusion that the aquifer is extremely large. 1In
reservoir terms, the boundaries are located miles away. My
analysis indicates that the BWSWD system will continue to
experience reduction in water 1levels and ever increasing
drawdowns. Lowering of pump 1levels will be necessary, out
direct interference from BGL wells will be minimal. )

The BGL system behaves similarly. Water levels are dropping
continuously despite relatively stable withdrawals. Analysis
of the well tests on BGL #2 and #4 in April 1982 indicates
very high transmissivity and 1low compressibility. The
drawdown data shcws a change in slope after about 3 1/2 days

which could be interpreted as a fault. 1Interestingly, at the
end of the one week test on BGL #2, the calculated radius of
investigation was on the order of 1000 miles. This is a
ridiculously high figure, but it indicates that the aquifer
is extremely large. Reservoir parameters again would suggest
interference with 3WSWD wells but the existence of faults

between the two areas may explain the lack of significant
response.

Although there is no immediate threat of reservoir depletion,
it is obvious that reservoir recharge 1is not keeping up
withdrawals from the BGL wells. As a result, future users
should take into account that water levels will accelerate
their drop. To provide an insight into what might b2
expected, cumulative drawdowWns observed in the BLM well wz2re
plotted against cumulative production from the BGL wells(See
Figure 2). This empirical relationship shows that at current
producing rates of 200 million gallons per year, water levels
will drop 10 feet per year. A 50% increase would cause a
levels to drop 15 feet per vyear. This behavior in an
observation well 673 feet away would be magnified at the
producing well, Whether this type of behavior can be
tolerated in the system depends on the current drawdowns in
the supply wells. This 1is by no means evidence that massive
reservoir damage would occur. But it does point out the need
to proceed with caution, One method to check the impact of
additional withdrawals would be to produce at the higher
rates during the winter when withdrawals are the greatest., A
test in December would be much more meaningful than a test in
April when the reservoir is not being stressed. One of the
early signs of reservoir depletion would be temperature

declines in the produced water. If the aquifer pressure is
lowered to the point where cooler water starts to invade the




ThermaSource Inc.
B3, 30x 1236 « Sonta Resa. CA 95402

geothermal aquifer, then problems could occur in maintaining
deliveries.

Data from the Canitol Mall wells were interesting because of
a gradual decline in water temperature of 0.5 degrees F par
year. The likely cause of the cooling is injected water from
CM 21 mixing with the produced water. The test data showed
that both CM #1 and 42 responded to production from BGL #2.
Thus CM #1 and $#2 are in pressure communication, Again,

whether this magnitude of temperature decline is tolerable or
not depends on the design parameters of the heating system.
Water levels are dropping, but 1less guickly than in the BGL

wells. This could be due to reinjection of water and the
lower withdrawal rates.

In conclusion, water 1levels are declining in the Boise hot
water aquifer supplying the BWSWD, BGL and CM wells. The
declines are due to the fact that recharge is occurring
slower than than the withdrawal rate, The primary concern is
whether the hot water wells can operate efficiently with
moderate drops in water levels each year. It will cost more
to pump from ever-increasing depths, and it will cost more to
change pumping levels, I believe that the BWSWD and BGL areas
may be connected to the same source but they do not behave as
if in direct communication. 1In my opinion, it is essential
that additonal data be gathered to understand the exact
impact of additonal withdrawals from the BGL wells and
Wwhether such impact can be tolerated both from a resource
standpoint and a cost standpoint,

If you have any questions concerning this appraisal, please
call me,

Yogps’truly,

- e
.-"
¢ Gerald Nidhi

encl:
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Main aquifers recharge sub-aquifers at a finite rate depending on permeability

and pressure differential. The overall system behaves like a series cf storage
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PR State of Idaho

229 .
%S DEPARTMENT OF WATER RESOURCES
"‘Q@W STATE OFFICE, 450 W. State Street, Boise, Idaho
CECIL D. ANDRUS Mailing address:
Governar Statehouse
Boise, Idaho 83720
A. KENNETH DUNN (208) 334-4440

Direcror

May 28, 1987

Keith Higginson

106 W. 500 S.

Suite 101

Bountiful, UT 84010

RE: Boise Front Warm Water Area
Dear Keith: At

You requested a listing of the water rights for diverting from the
.warm water aquifer in the Boise Front area. Attached is an abstract
of the rights in our records which indicates "heating" as a beneficial
use. Some of the rights listed probably do not divert from the warm
aquifer, but I do not have a sure fire basis for sorting them out.

The area covered by the water right search is shown on the attached
map.

Other valid but unrecorded rights to use warm water may exist in
the area.

If I can provide additional information, please give me a call.

C

NORMAN C. YOUNG
Administrator
Resource Administration Division

Sincerely,

NCY:alw
Encl.




63-0013

STATE OF IDA

PRIORITY
NAME AND ADDRESS DATE WATER USE

MILSTEAD, O. L. 07-01-1921 IRRIGATION
STOCKWATER
HEATING
DOMESTIC

SOURCE: GROUNDWATER TRIBUTARY

REMARKS: TRANS. #268.

PAU DESC. BY MEIES & BOUNDS.
POINT OF DIVERSION:
TO4N RO2E S28 NASH
S29 NESE

PLAE OF USE: IRRIGATION

TO4N RO2E S29 SENE NESE

PLACE OF USE: STOCKWATER SAME AS OIHER USE

PLACE OF USE: HEATING SAME AS OTHER USE

PLACE OF USE: DOMESTIC SAME AS OIHER USE

MILSTEAD, O. L. 07-01-1922 IRRIGATICN
STOCKWATER
HEATING
DOMESTIC

SOURCE: GROUNDWATER TRIBUTARY:

REMPRKS: TRANS. #268.
P/U DESCRIBED BY METES & BOUNDS.

POINT OF DIVERSICN:
TO4N ROZ2E S28 NG .
529 NESE

PLACE OF USE: IRRIGATION
TO4N RO2E S29 SENE NESE

o
»

05,19/87

.66 CFS  DECREE

.66 CFS TOIAL
AFA TOTAL
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LISTING OF WATER RIGHIS 05/19,/87
"m@r - - " "7 777 mwey T T wsE PERID wn
NUMBER NAME AND ADDRESS DATE WATER USE FRM 10 DIVERSION STAGE
63-0013  PLACE OF USE: STOCKWATER SAME AS OIHER USE
PLACE OF USE: HEATING SAME AS OTHER USE
PLACE OF USE: DOMESTIC SAME AS OTHER USE
63-0014 EDWARDS, THOMAS F. 11-22-1926 IRRIGATICN - - .84 CFS DECREE
STOCKWATER - - CFS
HEATING - - Lo 2
- DOMESTIC - - CFsS
.84 CFS TOIRL
AFA TOIAL
SOURCE: GROUNCWATER TRIBUTARY: _
REMARKS: .3 CFS FROM 101 TO 4/1. 4/1'1010/1 .4 CFS CR SO MXH THEREOF
THAT WILL NOT DEPLETE PLAINTIFES WELL BELOW .8 CFS.
AC. IRR.=25.58.
FOINT OF DIVERSION:
TOAN RO2E S29 NAE
SE
PLACE OF USE: IRRIGATION
TO4N RO2E S29 NANE SANE
PLACE OF USE: STOCKWATER SAMZ AS OTHER USE
PLACE OF USE: HEATING SAME AS OTHER USE
PLACE OF USE: DOMESTIC SAME AS OTHER USE
63-0015 TIEGS, H. W, 03-23-1927 IRRIGATION - - 80 CFS DECREE
STOCKWATER ; - - CFS
HEATING - - CFs
DOMESTIC - - as
.80 CFS TOTAL
AFA TOTAL
SOURCE: GROUNDWATER ' TRIBUTARY

REMARKS: NO WATER TO BE ALLOWED TO FLOW CR BE USED FROM TIEGS WELL UNTIL
FURTHER NOTICE BY OOURT.

POINT OF DIVERSION:
TO4N ROZ2E S28 NASH



WRR160 STATE OF IDANO

05/19/87

LISTING OF WATER RIGHIS
“m@r - 07 R A USE PERIDD | wxmmM -
NOMBER NAME AND ADCRESS DATE WATER USE FRM 1O DIVERSICN STNGE
63-0015  PLACE OF USE: IRRIGATION
T04N RO2E S28 NASW ,
PLACE OF USE: STOCKWATER ’ SAME AS OTHER USE
PLACE OF USE: HEATING SAME AS OIHER USE
PLACE OF USE: DOMESTIC SAME AS OTHER USE
63-0016 RYAN, J. ° ‘ 09-24-1927 IRRIGATICN - - .80 CFS DECREE
STOCKRATER - - CFS
HEATING - - CFS
DOMESTIC - - CFS
.80 CFS TOTAL
. AFA TOTAL
SOURCE: GROUNCWATER TRIBUTARY : '
REMARKS: NO WATER PERMITTED TO FLOW CR BE USED FRCM RYAN WELL UNTIL
FURTHER NOTICE BY COURTS.
FOINT OF DIVERSION:
TO4N RO2E S29 NENW
PLACE OF USE: IRRIGATION
TO4N RO2E S29 NENW 20
20 ACRES TOTAL
PLACE OF USE: STOCKWATER SAME AS OTHER USE
PLACE OF USE: HEATING SAME AS OTHER USE
PLACE OF USE: DOMESTIC SAME AS OTHER USE
63-2402 EDWARDS, THOMAS F. 11-22-1926 IRRIGATICN - - .84 CFs LICENSE
BOISE, ID HEATING - - CFS
DOMESTIC - - CFS
.84 CFS TOIAL
AFA TOTAL

SOURCE: GROUNDAATER

POINT OF DIVERSICN:
TO4N ROZE S29 SNE



63-2402

63-2713

63-2847

PLACE OF USE: GATION
TO4N RO2E S29 NANE 13 SRE 13
26 ACRES TOIAL
PLACE OF USE: HEATING SAME AS OTHER USE
PLACE OF USE: DOMESTIC SAME AS OTHER USE
DUFRESNE, ALTER 07-14-1949 HEATING
DOMESTIC

1002 HARRISON BLVD.
BOISE, ID 83702

SOURCE: GROUNDWATER TRIBUIARY :

OTHER USES: G/HEAT PUMP FCR 1 HOME,

REMARKS: P/D LOTS 13, BIK. 8, LEMPS AIIN., BOISE CITY TOANSITE.

BA LOTS 11 - 13, BIK. 8, LEMPS ACIN., BOISE CITY TOMNSTIE.

SEE FILE FOR P/D AND PAU.

POINT OF DIVERSICN: :
TO3N RO2E S03 SENA .

PLACE OF USE: DOMESTIC
TO3N RO2E S03 SENW

PLACE OF USE: HEATING SAME AS OIHER USE
NEITZEL, F. H. 08-07-1954 HEATING
W. W. DOMESTIC

SOURCE: GROINDWATER TRIBUIARY:
OTHER USES: G/HEATING PUMPS, D/2 HOMES.
REMARKS: PAU S15, R2E, L 7 & 8 MESSA VISTA SUBD.

FOINT OF DIVERSION:
TO3N RO2E S15 . SEW
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LISTING OF WATER RIGHTS 05/19/87
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' 63-2847 PLACE OF USE: DOMESTIC
TO3N RO2E S15 SENN

PLACE OF USE: HEATING SAME AS UTHER USE

63-2861 MENDENHALL, J. R. 05-21-1951 IRRIGATICN - - .09 FS  LICENSE
BOISE, ID HEATING -

SOURCE: GROUNDCWATER TRIBUTARY:

FOINT OF DIVERSION:
TO3N ROZ2E S14 NENE

’ PLACE OF USE: IRRIGATICN
TO3N RO2E S14 NENE

PLACE OF USE: HEATING SAME AS OTHER USE
63-3153 SINIE OF IDAHD ' 04-07-1959 IRRIGATION - 3

DEPT. OF TRANS. HEATING - - 3.40 &Fs

DIV. OF HAYS. 3.40

P.0. BOX 7129 AFA TOTAL

BOISE, ID 83720

SCURCE: GROUNDWATER | TRIBUTARY:

REMARKS: 2 P,D IN SWSW, S33, TdN, R2E.

POINT OF DIVERSION:
TO4N RO2E S33 SWSH

PLACE OF USE: IRRIGATION
TO4N RO2E S33 S 6

6 ACRES TOTAL
PLACE OF USE: HEATING . SAME AS OTHZR USE
63-3430 STATE OF IDAHD 09-14-1954 IRRIGATION 04-01 10-31
DEPT. OF FISH & GAME
P.0. BOX 25 ' HEATING 01-01 12-31

BOISE, ID 83720
DOMESTIC 01-01 12-31

LICENSE

AR AN
59595954
o8

R~
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DEPARIMENT OF WATER RESCOURCES
LISTING OF VATER RIQIS _ 05/19/87
"m@gr - - - - - - - " mIRITY T T TwEmao | mamm
NIMBER NAME AND ACCRESS DATE WATER USE FROM ‘O DIVERSION SIAGE
63-3430 SOURCE: GRONDAATER TRIBUTARY:

OTHER USES: G/ HEATING & COOLING
REMARKS: 2 P/D IN NENW, SEC. 14, TO3N, RO2E.

POINT OF DIVERSION:
TO3N RO2E S14 NENA

PLACE OF USE: IRRIGATION
TO3N RO2E S14 NENW 2

2 ACRES 'TOTAL

PLACE OF USE: HEATING SAVE AS OTHER USE
PLACE OF USE: DQMESTIC SAME AS OTHER USE
63-5073  BOISE WARM SPRINGS WATER DIST. 11-05-1894 HEATING 01-01 12-31 12

PO BK U DOMESTIC 01-01 12-31 A as

SOURCE: GRONDANATER TRIBUTARY:

OTHER USES: G/238 HOMES D/207 HOMES

REMARKS: P/U 680 AC. |

POINT OF DIVERSION:
TO3N ROZE S12

. °LACE OF USE: HEATING
103N ROZ2E S10 NENE SANE SENE NESE )
sl SANW NESW NSV SESW “ NESE NASE SWSE

S12 SESW SWSE
S13 NENHW NANW
S14 NENE

PLACE OF USE: DCMESTIC SAME AS OIMER USE



SOURCE: GRONDWATER
POINT OF DIVERSION:

TO3N RO2E S17 NN

PLACE OF USE: IRRIGATICN
TO3N ROZ2E S17 NANN

2 ACRES TOUIAL
PLACE OF USE: HEATING
PLACE OF USE: QOOLING
PLACE OF USE: DOMESTIC

KL ]

01-01-1905 IRRIGATICN
HEATING

COOLING
DOMESTIC

SAME AS OTHER USE
SAME AS OTH:R USE
SAME AS OTHER USE

03-15 11-15
01-01 12-31
01-01 12-31

03-15 10-31
01-01 12-31
01-01 12-31
01-01 12-31

05,1987

DEPARIMENT OF WATER RESOURCES
LISTING OF WATER RIGIIS
e PRIGRTTY
NUMBER NAME NND ADDRESS DATE WATER USE
63-5195 STRALCON, RAYMOND F. 01-01-1900 IRRIGATION
, VERA K. HEATING
3911 WHITEB DOMESTIC
BOISE, ID 83703
SOURCE: GROUNDWATER TRIBUTARY
OIHER USES: D/6 HOMES
FOINT OF DIVERSION:
TOAN RO2E S29 SRE
PLACE OF USE: IRRIGATION
TO4N RO2E S29 SNE 2
2 ACRES TOTAL
. PLACE OF USE: HEATING SAME AS OTHER USE
PLACE OF USE: DOMESTIC SAME AS OTHER USE
63-5291 BRIGGS, WELTHA W.
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63-8681

63-8861

03-21-1977 IRRIGATION
HEATING
200 WISE WAY

' BOISE, ID 83706

SOURCE: GROUNDWATER
OIHER RIGHTS: BOISE RIVER.
CONDITIONS OF APPROVAL: 01  03A

POINT OF DIVERSION:
TO3N RO3E S20 NESW

PLACE OF USE: IRRIGATICN
TO3N RO3E S19 NESE 20
S20 NESW 10
S29 NNE 3
195 ACRES TOTAL
PLACE OF USE: HEATING

BARNES, LILLIAN
7771 PIERCE PARK IN.

RT. 1
BOISE, ID 83702
SCURCE: GROUNDWATER

POINT OF DIVERSICN:
TO4N RO2E S08 SWSE

PLACE OF USE: DOMESTIC
TO4N RO2E SO8 SWSE

PLACE OF USE: HEATING
CRE IDA FOODS INC.

220 W. PARKCENTER BLVD.
BOISE, ID 83706

SESE 25
NWSH 30
NENAW 25

SWSA 35 SESW 35

NANW 10

SAME AS OTHER USE
04-11-1977 HEATING
DCOMESTIC

SAME AS OTHER USE
05-23-1977 IRRIGATICN
HEATING

SOURCE: GROUNDWATER
OTHER USES: G/HEATING & OOOLING.
REMARKS: AC. TRR.=3.3.

03-15 11-15

10-01 06-01

SWSE 2

09-01 05-31
01-01 12-31

Sz

04-01 10-31
01-01 12-31

- e em e e am e e es em e em e em e W e e e e e e =

.04 CFs PERMIT

.08 CFS TOIAL
AFA TOIAL



63-8866

63-8867

STATE OF IDAND TV N
DEPARIMENT OF WATER RESCRCES
LISTING OF WAIER RIGITS 05/19/87
"""""""""" mIRIY e mvamm
NAME AND ALCRESS DATE WATER USE FRM TO DIVERSION SINGE
REMARKS: PAJ LOT 6, BLK. 1, PARKCENTER BUSINESS PK.
POINT OF DIVERSICN:
TO3N RO2E S14 SENW
PLACE OF USE: IRRIGATION
TO3N RO2E S14 SNE 2 SENW 2
. 4 ACRES TOTAL
PLACE OF USE: HEATING
TO3N RO2E S14 SENW
ALBERTSONS INC. 05-23-1977 IRRIGATION 04-01 10-31 .30 CFS PERMIT
250 PARKCENTER BLVD HEATING 01-01 12-31 6.18 CFS
BOISE, ID 83706 6.48 CFS TOIAL
AFA TOTAL
SOURCE: GROUNDWATER TRIBUTARY:
OTHER USES: G/HEATING & COOLING.
REMARKS: AC. IRR.=15.1.
P/U LOT 8, BIK. 1, PARKCENTER BUSINESS PK.
POINT OF DIVERSION:
TO3N RO2E S14 SNE
PLACE OF USE: IRRIGATION:
TO3N RO2E S14 SRE 15
15 ACRES TOTAL
PLACE OF USE: HEATING SAME AS OTHER USE
ALBERTSONS INC. 05~23-1977 IRRIGATION 04-01 10-31 .08 CFS PERMIT
250 PARKCENTER BLVD. HEATING 01-01 12-31 1.56 CFS
BOISE, ID 83706 COOLING 01-01 12-31 1.56 CFs
1.64 CFS TOTAL
AFA TOTAL

SOURCE: GROUNDWATER

REMARKS: AC. IRR.=3.8.
P/U LOT 9, BIX. 1, PARKCENIER BUSINESS PK.




STATE OF IDAHO
OF WATER RESORCES
LISTING OF WNIER RIGHIS

PAE 10

638868

63-8869

POINT OF DIVERSICN:
TO3N ROZ2E S14 SNE

PLACE OF USE: IRRIGATICN
TO3N RO2E S14 NNE 2

4 ACRES TOTAL
PLACE OF USE: HEATING
PLACE OF USE: COOLING

ALBERTSCNS .
P.0. BOX 20
BOISE, ID 83726

SOURCE: GROUNDWATER
OTHER USES: G/HEATING & COOLING.
REMARKS: AC. IRR.=2.5.

SNE 2

SAME AS OTHER USE
SAME AS OIHER USE
05~23~1977 IRRIGATION
HEATING
CQOCLING

PAU LOT 10, BIK. 1, PARKCENIER BUSINESS PK.

POINT OF DIVERSION:
TO3N RO2E 514 SNE

PLACE OF USE: IRRIGATION
TO3N ROZ2E S14 SWNE 2
2 ACRES TOTAL
PLACE OF USE: HEATING
PLACE OF USE: COOLING
ALSQOTT INC.
500 E. BAYBROCK CT.
BOISE, ID 83706
SCURCE: GROUNDWATER
OIHER USES: G/HEATING & COOLING.

SAME AS OTHER USE
SAME AS OTHER USE
06-04-1977 IRRIGATION
HEATING
COOLING

o2
td

04-01 10-31
01-01 12-31
- 01-01 12-31

04-01 10-31
01-01 12-31
01-01 12-31

05,1987
MAXIMM
DIVERSICN - SINGE
.05 CFs PERMIT
1.02 cFs
1.02 &Fs
1.07 CFS TOTAL
.06 CFS PERMIT
1.23 &rs
1.23 Crs
1.29 CFs TOTAL
AFA TOIAL
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STATE OF IDAHO
DEPPICIMENT OF WATER RESOURCES
LISTING OF WATER RIGITS
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63-8870

63-8878

REMARKS: P/U LOT 11, BIK. 1, PARKCENTER BUSINESS PX.
REINSTATED 1/11/83.

FOINT OF DIVERSION:

TO3N RO2E S14

PLACE OF USE: IRRIGATICN
TO3N ROZ2E S14 SENE 3

3 ACRES TOTAL
PLACE OF USE: HEATING
PLACE OF USE: COOLING

SAME AS OTHER USE
SAME AS (OTHER USE
06-04-~1977 - IRRIGATION
HEATING

ALBERTSON
38OE PARKCENTER BLVD,
OOOLING

BOISE, ID 83706

SOURCE: GROUNDWATER
OTHER USES: G/HEATING & OOOLING.

REMARKS: AC. IRR.=2.03,
REINSIATED 1-11-1983.

POINT OF DIVERSION:
TO3 ROZE S14

PLACE OF USE: IRRIGATION
TO3N ROZ2E Sl14 SNE 1

3 ACRES TOTAL

PLACE OF USE: HEATING
TO3N RO2E S14 SENE

PLACE OF USE: QOOLING
A. ALBERTSCN ENTERPRISES

345 BOBAHITE CT.
BOISE, ID 83706

SENE 2

SAME AS OTHER USE
06-04-1977 IRRIGATICN
HEATING
COOLING

04-01 10-31
01-01 12-31
01-01 12-31

04-01 10-31
01-01 12-31
01-01 12-31

.04 CFS PERMIT
.82 CFs

.84 CFS TOTAL
AFA TOTAL



 HRR160 STATE OF IDAHO N commb e,
DEPARTMENT OF WATER RESOURCES

LISTING OF WATER RIGHTS 05/19,/87
"pgr - - - - - """ T mww USE PERICD | e
NUMBER NAME AND ADCRESS DATE WATER USE FRM 1O DIVERSION SINGE
63-8878  SOURCE: GROUNDWATER TRIBUTARY:
OTHER USES: G/HEATING & COOLING OF BLDG.
REMARKS: P/U LOT 2, BIK. 3, PARKCENIER BUSINESS PK.
REINSTATED 1-1i-1 §83.
POINT OF DIVERSICN:
TON RO2E.S14
PLACE OF USE: IRRIGATION
T03N RO2E S14 SENA 1 NESW 1
. 2 ACRES TOTAL
PLACE OF USE: HEATING SNVE AS OTHER USE
PLACE OF USE: COOLING SAME AS OTHER USE
63-8888  EMKAY DEVELOPMENT & REALTY CO. 12-17-1977 IRRIGATICN 04-01 10-31 .04 CFS  PERMIT
M-K PLAZA ONE HEATING 01-01 12-31 .86 CFS
BOISE, ID 83706 QOOLING 01-01 12-31 .86 CFS
SOURCE: GROUNDWATER TRIBUTARY:

OTHER USES: G/HEATING & COOLING OF BLDGS.

REMARKS: AC. IRR.=2.1
REINSTATED 2—14—1983.

POINT OF DIVERSION:
TO3N RO2E S14 NASE

PLACE OF USE: IRRIGATICN
TO3N RO2E S14 NASE 2

2 ACRES TOTAL
PLACE OF USE: HEATING SAME AS OTHER USE
PLACE OF USE: QOOLING SAME AS OIHER USE



" WRR160

/63-9138

STATE OF IDAHKO

PRICRITY
NAME AND ADDRESS DATE WATER USE
, GERALD F. 06-16-1977 IRRIGATICN
5211 HILL FD. HEATING

BOISE, ID 83703 DQMESTIC

SOURCE: GROUNDWATER ‘IRIBUTARY:
OTHER RIGHTS: BOISE VALLEY IRR. DIST.
CI]\DI‘I'I(1\§ OF APPROVAL: 03A

POINT OF DIVERSION:
TO4N RO2E S19

PLACE OF USE: IRRIGATION
TO4N RO2E S19 NESE

5 ACRES TOTAL
PLACE OF USE: HEATING
PLACE OF USE: DOMESTIC

CITY OF BOISE
C/O LOUIS_URANGA

SAME AS OTHER USE

SAME AS OTHER USE
04-17-1978 IRRIGATION
COMMERCTIAL

P.O. BaX 500 FISH PROPAGATICN
BOISE, ID 83701 HEATING

SOURCE: GROUNDWATER

TRIBUTARY :
OIHER USES: CAARIOUS G/SPACE HEATING & QOOLING.
OTHER RIGITS: 63-9139.

OONDITIONS OF APPROVAL: 01 04 09 16

REMARKS: P/ WITHIN CITY LIMITS OF BOISE.
NOT TO EXCEED 17.35 CFS.
3 B/D IN SASE, S34, TN, R2E,

POINT OF DIVERSION:
TO4N RO2E S34

04-15 10-15
10-15 04-15
01-01 12-31

04-01 10-15
01-01 12-31
01-01 12-31
01-01 12-31
01-01 12-31

PAGE 13

05/19/87
DIVERSION STrGE
.10 CFS PERMIT
.10 CFS
.10 CFS
.10 CFS TOIAL
AFA TOIAL
8.00 Crs PERMIT
8.00 CFs
8.00 CrFs
8.00 Crs
8.00 Crs
8.00 CFS TOIAL
AFA TOIAL



63-9139

63-9160

63-9215

'STATE OF IDXNU
DEPNRIMENT OF WATER RESOURCES
LISTING OF WATER RIGITS
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BOISE GEOUTHERMAL LID. 04-17-1978 IRRIGATION
331 W. IDAID ' HEATING
QOOLING

P.0. BaX 500
BOISE, ID 83701 MUNICIPAL

SOURCE: GROUNDWATER TRIBUTARY:
OONDITIONS OF APPROVAL: 01 04 09 16

REIMARKS : P/UWI'IH]N CITY LIMITS OF BOISE.

2 B/D NENW, S2, TN, RZE.4
2 £ Newv, sif, TN, RE.

POINT OF DIVERSION:
TO3N RO2E S02 SWSH
SESW
Si1 NENA

BOISE WARM SPRINGS WATER DIST. 06-27-1978 HEATING
2440 OLD PENITENTIARY RD. DQMESTIC
BOISE, ID 83712

SOURCE: GRONDWATER TRIBUTARY :
CONDITIONS OF APPROVAL: 01C 04 10

REMARKS: P/U WITHIN wISEW SPRINGS WATER DIST.

POINT OF DIVERSICN:
TO3N ROZ2E s12

STATE OF IDAID 03-02-1979 HEATING
Du'rizgr ADMINISTRATICN

LEN B. JORDAN BLIG.

BOISE, ID 83720

SOURCE: GROUNDWATER TRIBUTARY ;

OTHER USES: SPACE HEATING OF STATE BUILDINGS
CONDITIONS OF APPROVAL: 01B 04 09

POINT OF DIVERSICN:
TO3N RO2E S13

04-01 10-15
01-01 12-31
01-01 12-31
01-01 12-31

01-01 12-31
01-01 12-31

01-01 12-31

05,19/87
DIVERSION STAGE
12.00 CFS PERMIT
12.00 CFS
12.00 CFS
12.00 &S
12.00 CFS TOTAL
AFA TOIAL
4.00 CFS PERMIT
4.00 CFs
4.00 CFS TOIAL
AFA TOIAL

9.00 CFs PERMIT



- WRRL60

63-9341

63-9343

STATE OF IDALKDOD PAGE 15
DEPARTMENT OF WATER RESCURCES

LISTING OF VAATER RIGHTS 05/19/87
ST TS T T T T T T T T Ty T TwEmmo | wxmm
NAME AND ADDRESS DATE WATER USE FRM 1O DIVERSICN STAGE
PLACE OF USE: HEATING
TO3N RO2E 510 NENE NANE SWSW SESW SWSE SESE
515 NENE NANE NENW NANN
STATE OF IDAD , 02-06-1980 HEATING 01-01 12-31 5.57 CFS  PERMIT

. STRATION
LEN B. JORDAN BUILDING #100
BOISE, ID 83720
SOURCE: GROUNDWATER TRIBUTARY:

OTHER USES: GEOTHERMALLY SPACE HEAT IDAHO STATE CAPITOL MALL
CQONDITICNS OF APPROVAL: 01C Q9C 16

POINT OF DIVERSICN:
TO3N RO2E S10 NENE

PLACE OF USE: HEATING
TO3N RO2E S10 NENE

HARRIS, DALLAS H. 02-12-1980 COMMERCIAL 01-01 12-31 6.00 CFS  PERMIT
3051 S. WISE WAY HEATING 01-01 12-31 6.00 CFS
BOISE, ID 83702 . 6.00 CFS TOTAL

AFA TOTAL

SCURCE: GROUNDWATER TRIBUTARY:

OIHER USES: FISH PROP, GREENHOUSE, SWIMMING POCL, SPACE HEATING
OONDITIONS OF APPROVAL: 26 16

REMARKS: THIS PERMIT IS SUBJECT TO THE AGREFMENT DATED 5/31/85 BETWEEN
PERMIT HOLDER & PROTESTANT(S) TO THE EXTENT SUCH AGREEMENT
MATTER WITHIN THE JURISDICTION OF THE IIWR. A FLON MEASUREMENT
PORT CR O™HER DEVICE AS SPECIFIED BY THE DEPT SHALL BE INSTALLED
BY THE PERMIT HXDER TO PRVIDE FOR THE INSTALIATION OF MEASURING
BUIP. & THE DETERMINATION OF THE RATE OF DIV. & PRESSURES BY
THE DEPT. RETURN FLOW IF DISOHARGED TO A SUBSURFACE SYSTEM MUST
BE AUTTICRIZED BY A SEP, INJECTION WELL PERMIT & RETURN FLOA IF
DISCHARGED TO A SURFACE WIR SYSTEM SHALL MEET IDAHD WATER QUALITY
STANNDARDS. IF DISCHARGED TO THE SURFACE, THE DISCHARGE SHALL BE
PERMITIED CR APPROVED BY THE U.S. EPA. THE MAX. RATE OF DIV, OF
WIR UNDER THIS PERMIT SHALL NOT EXCEED 6.0 CFS.

PERMIT HOLDER SHALL SUBMIT FOR EACH WELL TO THE DEPT. A
DRILLING PROSPECTUS WHICH INCLUDES PROPOSED CASING &
GROUTING PROCEDURES FOR REVIEW & APPROVAL PRICR TO DRILLING.



A

. WRR160 | - STATE OF IDAHO PME 16
DEPARIMENT OF WXIER RESOURCES
LISTING OF WATER RIGHHIS 05/19,/37
“mer T T PRICRITY USE PERICD  MAXIMM
NUMBER NAVE AND ACTRESS DATE WATER USE FRM T DIVERSION STAGE

63-9343 REMARKS: THE DIRECTOR RETAINS .JURISDICTICN OF THIS PERMIT & MAY
REQUIRE REINJECTION OF THE WATER IF DETERMINED TO BE
NECESSARY FOR PROTECTION OF THE RESCURCE OR OTHER WATER RIS.

POINT OF DIVERSION:

TO3N RO3E S19 NESW
NESE
NWSE
SESE
520 NENW
SFNW
NESW
NASW
S
. SESW
SWSE
SESE
s21 SASW
S28 NN
SN
NASW
529 NENE
NANE
PLACE OF USE: OCMMERCIAL
TO2N RO3E S04 NANE NENA MANW
TO3N RO3E S19 NESW NESE NASE SWSE SESE
S20 NENE NANE SNE SENE NEDNN : NANW SN
SENA NESW NASH SNSW SESN NESE NASE
SWSE , SESE
s21 S
S28 NANA SN NS
S29 NENE NANE SWE SENE NENH NoNA SR
SENN NESAH NNSH SWSHN » SENW NESE NASE
SWSE SESE
S30 NENE SENE
532 NANE SANE NEMA SENW NESE NASE SESE
S33 SWSH SESW
PLACE OF USE: HEATING SAME AS OIEER USE
63-9828 JOHNSCN, WAYNE 11-03-1981 HEATING 01-01 12-31 .04 CFS PERMIT
2301 IRENE ST, DOMESTIC 01-01 12-31 .04 Ors
BOISE, ID 83702 .08 CFS TOTAL



63-9890

STATE OF IDAHO PAGE 17

DEPARTMENT OF WATER RESCURCES
LISTING OF WATER RIGHIS 45/19/87
B > < - S = oF -« v " A
NAME AND ADDRESS DATE WATER USE FRM 0 DIVERSION STAGE
SOURCE: GROUNDWATER TRIBUTARY:
OTHER USES: G/HFATING OF DOMESTIC HOME
CONDITIONS OF APPROVAL: 16
FOINT OF DIVERSICN:
TO4N ROZE S33
PLACE OF USE; HEATING
TOAN RO2E S33 SWSE
PLACE OF USE: DQMESTIC SAME AS OTHER USE
GOFF, JNYES A. 04-19-1982 HEATING 01-01 12-31 2.23 CFS  PERMIT

BOISE, ID 83702

SOURCE: GROUNDWATER
QONDITIONS OF APPROVAL: 16

POINT OF DIVERSICN:
TO3N RO2E S02 NNSH

SESW

PLNCE QF USE: HEATING

TO3N ROZE S02 NESW NWSH SN



State of ldaho

DEPARTMENT OF WATER RESOURCES

Southern Region, 2148 4th Ave. East, Twin Falls, Idaho 83301 (208) 734-3578
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DOE F 4600.1 . U.S. DEPARTMENT OF ENERGY
7-81) NOTICE OF FINANCIAL ASSISTANCE AWARD y /,4,(4(7
{See Instructions on Reverse) 4@,0

Under the authority of Public Law 93-410 and
subject to legislation, regulations and policies applicable to {cite legisiative program title):

Geothermal Research, Development and Demonstration Act of 1977

1. PROJECT TITLE 2. INSTRUMENT TYPE
X GRANT 3 cOOPERATIVE AGREEMENT
Geothermal Resource Evaluation in Idaho 4. INSTRUMENT NO. 5. AMENDMENT NO.
3. RECIPIENT {Name, address, zip code, area code and telephone no.) DE-FGO7-841D12549 MO05
State of Idaho 6. BUDGET PERIOD 7. PROJECT PERIOD
Department of Water Resources, Statehouse erom: 6/1/86  mhru: 6/1/87 |rrom:8/17/84 wHRU:6/1/87
Boise, Idaho 83702 10. TYPE OF AWARD ‘
. RECIP [ 4 DIRECTOR (N d teleph No.
8 CIPIENT PROJECT DI {Name and telephone No.) O NEW [J CONTINUATION [J RENEWAL
Leah V. Street X RevisioN [J SUPPLEMENT
9. REC ) R
New Address Wali/ge 12. ADMINISTERED FOR DOE BY (Name, address, zip code, telephone No.)
Sam Ronald A. King (208) 526-0790
P —|
oo Leah V- Stree® No.) U. S. Department of Energy
Peg Tdaho Wopt. of Weker Resowra Idaho Operations Office
U.S  Sootdhar w idision 785 DOE Place
785
T Re 2148 4t Ave.EQs‘f Idaho Falls, ID 83402
' T GovV'T J HOSPITAL [ FOR PROFIT 3 INDIVIDUAL
TWwn ?—‘u\,\\g, 1D 8320} ORGANIZATION
IF [J OTHER NONPROFIT 3 OTHER (Specify)
(2o0oQ ) 734 -3S78 \TION ORGANIZATION Oc Orp Ose
14. AC 15, EMPLOYER I.0. NUMBER/SSN
a. FT/AFP/OC " |d. CFA Number
N/
16. Bt
a. b. CUMULATIVE DOE OBLIGATIONS
(1) DC _=0=___ | (1) This Budget Period s_138,724
(2) DOE Funds Authorized for Carry Over s =-0- [Total of lines a.{1) and a.(3)]
{3) DOE Funds Previously Obligated in this Budget Period $ __ 138,724 {2) Prior Budget Periods s_ 19,855
{4) DOE Share of Tota! Approved Budget $ 138,724 .
{5) Recipient Share of Tota! Approved Budget $__ "0_‘ {3) Project Period to Date $ 158,579
{6) Total Approved Budget ¢_ 138,724 [Total of lines b. (1) and b. (2)]

17. TOTAL ESTIMATED COST OF PROJECT §

(This is the current estimated cost of the project. It is not a promise to award nor an authorization to expend funds in this amount.)

18. AWARD/AGREEMENT TERMS AND CONDITIONS

This award/agreement consists of this form plus the following:
a. Special terms and conditions (if grant} or schedule, general provisions, special provisions (it cooperative agreement)
{Date)

b. Applicable program regulations specify)
c. DOE Assistance Regulations, 10 CFR Part-600, as amended, Subparts A and X B (Grants) or [J C (Cooperative Agreements).
d. Application/proposal dated 9/30/86 , [ as submitted X with changes as negotiated

19. REMARKS
This document extends the budget period and project period with no increase in the approved
budget or the DOE obligated funds.

20. EVIDENCE OF RECIPIENT ACCEPTANCE 21. AWARDED BY
Ao Sim ¢ (el |1/ 8)46
(Signature of Authorized Recipient Official) {Date) (Signature) ! {Date)
William C. Drake
{Name) {Name)
Contracting Officer
{Title) {Title)




. nqé Ha500.] U.S. DEPARTMENT OF ENERGY '5§ w\.&w w VY (Y
o ""‘h . NOTICE OF FINANCIAL ASSISTANCE AWARD ) i .
T (See Instructions on Reverse) :

JUN 08 1987

Under the suthority of Public Law 93-410
subject to legisiation, regulstions and policies applicable to (cite legislative program title):

Geothermal Research, Development and Demonstration Act of 1977 Department of WaterReso |
1. PROJECT TITLE 2. INSTRUMENT TYPE

Geothermal Resource Evaluation in Idaho I3 GRranT (J coOPERATIVE AGREEMENT
4. INSTRUMENT NO. 5. AMENDMENT NO.
3. RECIPIENT (Name, address, zip code, area code and telephone no.} | DE- - AQ06
State of Idaho 6. BUDGET PERIOD 9/50 /57 7. PROJECT PERIOD
Department of Water Resources, Statehouse FROM]()/1 /865 THRU:pZRRJIRT- |FROMR /17/84 THRY: 9/30/
10. TYPE OF AWARD ! T
8. RECIPIENT PROQJECT DIRECTOR {Name and telephone No.)} O NEW O CONTINUATION [0 RENEWAL
Leah V. Street ‘ XX REVISION [J SUPPLEMENT

9. RECIPIENT BUSINESS OFFICER {Name and telephone No.)

12. ADMINISTERED FOR DOE BY (Name, address, zip code, telephone No.)

same as ltem #8- -~ R. Jeffrey Hoyles  (208) 526-0790
11. DOE PROJECT OFFICER (Name, address, zip code, telephone No.) U.S. Department of Energy

Peggy A. Brookshier  (208) 526-1403 Idaho Operations Office

U.S. DOE, Idaho Operations Office 785 DOE Place

785 DOE Place, Idaho Falls, ID 83402 Idaha Falls, ID__R34Q2
13. RECIPIENT TYPE

I sTATE Gov'T (] iNDIAN TRIBAL GOV'T (3 HOSPITAL 0 FOR PROFIT O INDIVIDUAL
ORGANIZATION
O LocaL Gov'T CJ INSTITUTION OF J OTHER NONPROFIT O OTHER (Specify!
) HIGHER EDUCATION ORGANIZATION Oc Ap Ose

14. ACCOUNTING AND APPROPRIATIONS DATA 15. EMPLOYER 1.D. NUMBER/SSN

a. Appropriation Symbol b. B & R Number c. FT/AFP/OC d. CFA Number

N/A
16. BUDGET AND FUNDING INFORMATION

a. CURRENT BUDGET PERIOD INFORMATION b. CUMULATIVE DOE OBLIGATIONS
(1) DOE Funds Obligated This Action $___ =0=__ | (1) This Budget Period $.138.724
{2) DOE Funds Authorized for Carry Over $___-0- [Total of lines a.(1) and a.(3))
{3) DOE Funds Previously Obligated in this Budget Period $ _138,724 | (2) Prior Budget Periods s
{4) DOE Share of Total Approved Budget $ 138,724
{5) Recipient Share of Total Approved Budget $ ___;Q:__ (3) Project Period to Date $
{6} Total Approved Budget $ l 38 224 : [Total of lines b. (1) and b. (2)]

17. TOTAL ESTIMATED COST OF PROJECT § {

(This is the current estimated cost of the project. It is not 8 promise to award nor an authorization to expend funds in this amount.)

18. AWARD/AGREEMENT TERMS AND CONDITIONS

This award/agreement consists of this form plus the following:

a. Special terms and conditions (if grant) or schedule, general provisions, special provisions {if cooperative agreement)

b. Applicable program regulations fspecify) {Date)
¢. DOE Assistance Regulations, 10 CFR Part-600, as amended, Subparts A and RJ B {Grants) or [ C (Cooperative Agreements).
d. Application/proposal dated __3/17 /86 , O es submitted XX with changes as negotiated

19. REMARKS

This document revises budget plans, within existing budget dollar ceilings, as attached,
and provides a no-cost time extension to 9/30/87.

20. EVIDENCE OF RECIPIENT ACCEPTANCE 21, AWARDED BY
) - ,E . 9% M@ &/29/5

Authdrized Recipient Official) ~ (Date) v ISignnwr:) {Date) f

—MWayne T. Haag R. Jeffrey Hoyles
{Name) (Name)

Administrator, Resource Analysis Division Contracting Officer
(Title) (Title)




FEDERAL ASSISTANCE BUDGET INFORMATION FORM

o oD e, 100127

| OEXFGRO7-BYTDT2549 > WESTHEMIA1 Resource Evaluation in Idaho

anmesmdadkess  State of Idaho . P§7T'77§hs'" Date

Department of Water Resources Y .
Boise, ID 83702 G736/ .
SECTION A - BUDGET SUMMARY
m::ng?:nm odern  Entimated Uncbiigated Funds New or Revised Budgel

BUDRT" CATEBORY il o i . o

1Other Direct .. s ' + (3,000) ' ¢ 3,175

2Subcontract$ (USGS) +3,000 44,200

3

.

5. TOTALS L [} [ ] L ]

SECTION B - BUDGET CATEGORIES
- Grant Program, Function or Activity Toul

© Obiect Class Categodis m 2 @ w ®
a. Personnel s+ 40,936 ' ' ' s 40,936
b. Fringe Benefits 9,415 9,415
c. Travel 3,800 3,800
d. Equipment 2,500 2,500
e. Supplies 828 828
1. Conuactusl 44,200 44,200
9. Construction 10,132 10,132
h. Other 3,175 3,175
i. Totsl Direct Charges 1 114,986 114,986
i Indicect Charges 23,738 23,738
. ToTALs v 138,724 | ' ' + 138,724
7. Program Income ' -0- ’ . ' ¢ -0-




COE F 40,1 U.S. DEPARTMENT OF ENERGY J[Wi gé
RS NOTICE OF FINANCIAL ASSISTANCE AWARD b
* /——a————
¢ {See Instructions on Reverse) —

Under the authority of Public Law 93-410 and
subject to legisiation, regulations and policies applicable to (cite legisiative program title):

Geothermal R&D Act of 1977

1. PROJECT TITLE o ] |2, INSTRUMENT TYPE

Geothermal Resource Analysis in Twin Falls, ID KX GRANT {0 cOOPERATIVE AGREEMENT

4. INSTRUMENT NO. 5. AMENDMENT NO.

3. RECIPIENT (Name, address, zip code, area code and telephone no.) DE-FG07-841D12549 AQ03

Idaho Department of Water Resources 6. BUDGET PERIOD 7. PROJECT PERIOD

Southern Division rrom: 10/1/85HRu: 2/28/87 |From: 8/17/84 TRu: 2/28/87

1041 Blue Lakes Blvd., Twin Falls, ID 83301 |10. TYPE OF AWARD

. Pl DIRECTOR (N d tel N
8. RECIPIENT PROJECT (Name and tolephone No.) O New [J CONTINUATION {J RENEWAL

h Street 208) 734-3578

Lea ( ) KX revision 0 SUPPLEMENT
9. RECIPIENT BUSINESS OFFICER (Name and telephone No.) _

Wayne Hass (208) 334-4440 12. ADMINISTERED FOR DOE BY (Name, address, zip code, telephone No.)

450 W. State St., Boise, ID 83720 Ronald A. King  (208) 526-0790
11. DOE PROJECT OFFICER (Name, address, zip code, telephone No.) United States Depa rtment of Energy

Peggy A. M. Brookshier, U.S. DOE Idaho Operations Office

785 DOE Place 785 DOE Place, Idaho Falls, ID 83402

W (208) 526-1403 ’ ? 8
13. RECIPIENT TYPE :
(M STATEGOV'T  [JINDIAN TRIBAL GOV'T  [JHOSPITAL O g% mozﬂ*;'m O womvibuaL
[
{0 LocAL Gov'T 3 INSTITUTION OF {J OTHER NONPROFIT O OTHER (Specify)
HIGHER EDUCATION ORGANIZATION Oc Oe Osp
12 ACCOUNTING AND APPROPRIATIONS DATA 15. EMPLOYER 1.0, NUMBER/SSN
a. Appropriation Symbol b. B & R Number c. FT/IAFP/OC d. CFA Number '

89X0224.91 M1510000 I1D-54-91/410

16. BUDGET AND FUNDING INFORMATION
a. CURRENT BUDGET PERIOD INFORMATION b. CUMULATIVE DOE OBLIGATIONS

{1) DOE Funds Obligated This Action $ 60,000 U)%) This Budget Period $ 60,000
{2) DOE Funds Authorized for Carry Over $ A [Total of lines a.(1) and a.(3)}
(3) DOE Funds Previously Obligated in this Budget Period $ ____ =0=__ | (2) Prior Budget Periods s_98.579
{4} DOE Share of Total Approved Budget s_ 138,724
{5} Recipient Share of Totat Approved Budget $ ._______:g:__ {3) Project Period to Date $ _1 5§_\_519_ —
{6) Total Approved Budget s_ 138,72 {Total of lines b. (1) and b. (2)]
17. TOTAL ESTIMATED COST OF PROJECT $ 158.579

(This is the current estimated cost of the project. It is not a promise to award nor an authorization to expend funds in this amount.}

18. AWARD/AGREEMENT TERMS AND CONDITIONS

This award/agreement consists of this form pius the following:

a. Special terms and conditions (if grant or schedule, general provisions, special provisions (if cooperative agreement)
fDatej

b. Applicable program regulations (specify)
c. DOE Assistance Regulations, 10 CFR Part-600, as amended, Subparts A and R 8 (Grams) or O C (Cooperative Agreements).
d. Application/proposal dated 4/30/85 . O as submitted X with changes as negotiated

19. REMARKS
This modification increases the scope by adding additional work-as described-in-the.Statement

?f WOrk)(Part III.a) and increases the funding as provided in the revised Budget Plan
Part I).

20. EVIDENCE OF RECIPIENT ACCEPTANCE .| 21. AWARDED BY
Z VAN ¥) |
Pt mpert WS DB 14 [3f
uthorized Recipient Official) {Dafe) Willi {Signature) U (Dare)
Wayne T. Haas illiam C. Drake
{Name} . . (Name)
Imini B Analvsis Diviei Contracting Officer
{Title) {Title)




. INSTRUCTIONS

(This form shall be completed in accordance with the following instructions. For any clarification or additional information
that might be needed, consult the appropriate section of the DOE Financial Assistance Procedures Manual (DOE-FAPM).

Insert in the space provided, in the line which begins, “Under the
Authority of Public Law . ..,” the number and the name of the Public
Law which authorizes this award. On the line below, enter the title of the

pertinent program.

Block 1 - Enter the praject title as it appears in the SF-424 or equivalent
application/proposal face sheet.

Block 2 ~ Place a checkmark in the box beside the appropriate financial
assistance instrument.

Block 3 - Enter the name, address and telephone number of the appli-
cant/proposer as it appears in the SF-424 or equivalent application/

proposal face sheet.
Block 4 - Enter the instrument number. (See DOE-FAPM.)

Block 5 - Enter the appropriate amendment number. {See DOE-FAPM
for guidance.}

Block 6 - Enter the starting date and expiration date for the current
budget period. If a budget period is being changed, enter the starting
date and expiration date for the budget period, as changed.

Block 7 - Enter the starting date and anticipated completion date for
the project. If a project period is being changed, enter the starting date
and anticipated completion date for the project period, as changed.

Block 8 - Enter the name and telephone number of the individual
designated by the applicant/proposer as the director of the project:

Block 9 - Enter the name and telephone number of the individual
designated by the applicant/proposer as the contact for alf business
matters.

Block 10 - Place a checkmark in the box opposite the term which
identifies the type of action being taken. (The terms are defined in the

DOE-FAPM.)

Block 11 - Enter the name, address and telephone number of the
individual designated by the DOE program office as the project officer.

Block 12 - Enter the name, address and telephone number of the
individual/organization who will administer the agreement for DOE.

Block 13 - Place a checkmark in the box beside the applicable recipient
type. If the recipient is a for-profit organization also check one of the
lower boxes as follows: “C’" for Corporation, P’ for Partnership and
“SP" for Sole Proprietorship. If the recipient is of a type not indicated
place a checkmark in the box beside “Other,” and identify the recipient
type in the space provided.

Block 14 - Enter where indicated, the appropriation symbol, B&R
nurber, Fund Type (FT)/AFP Code (AFP)/Objective Class (OC) and CFA
Number from the Procurement/Financial Assistance Request Authoriza-
tion (DOE Form PR-799A). Completion of Block 14.d. is required only
for awards made by Headquarters.

Block 15 - Enter the applicant’s/proposer’s Federal Employer Identifica-
tion No. from the SF-424 or equivalent application/proposal face
sheet, or if the applicant/proposer is an individuai, enter his/her

social security number,

oU,3, OOVERNMENT PRINTING OPPICE: 1981-=522-056/4703

Block 16 - Entries should be made as follows. (if no dollar entry is
appropriate a zero should be entered to indicate there was no error of
omission.)

Line a.(1) - Enter the amount of DOE funds obligated by this action.

Line a.(2} - Enter the amount of DOE funds not expended in prior
budget periodis), if any, authorized by DOE for expenditure
in the current budget period.

Line a.(3) - Enter the amount of DOE funds previously obligated in
the current budget period.

Line a.(4) - Enter DOE's share of the total approved budget shown
on Line a.(6).

Line a.{5) - Enter the recipient’s share of the total approved budget
shown on Line a.(6).

Line a.{6) - Enter the total approved budget for the current budget
period. {(Add the amounts in lines a.{4) and a.(5).)

Line b.(1) - Enter the amount of DOE funds obligated in the current
budget period. (Add the amounts in lines a.(1) and a.(3).)

Line b.(2} - Enter the amount obligated by DOE in prior budget
periods.

Line b.(3)- Enter the amount obligated by DOE in the project
period to date. (Add the amounts in lines b.{1) and b.(2).)

Block 17 - Must be completed for cooperative agreements. Con-
tracting Officers may exercise discretion as to whether to complete it for
grants. Enter in the blank provided, the amount which represents the
current estimate of total funds and dollar value of in-kind contributions
{both DOE and recipient shares) needed to carry out the entire project.
Include all funds and contributions previously provided, those being
provided by this action, and all anticipated future obligations and con-
tributions of both parties.

Block 18 - Complete as follows:

item a. - No entry necessary.

Item b. - Enter the legal citation from the Code of Federal Regulations
or Federal Register and the effective date for the program regulations
applicable to the program under which the award is made.

ftem c. - Mark the box beside B for grants or C for cooperative
agreements.

Item d. - In the blank provided, enter the date of the application/
proposal. {If SF-424 is used, see block 23c on page 1.) Place a
checkmark in the appropriate box to indicate whether the applica-
tion/proposal was accepted as submitted or with negotiated
changes.

Block 19 - EQter any explanation or advisory comments which are re-
quired for, or applicable to, this action.

Block 20 - Will be completed by the recipient.
Block 21 - The Contracting Officer shall sign and date the top line.

His/her name and title should be entered on the next two lines. This box
must be signed prior to forwarding to recipient.




Grant No. DE-FG07-841ID12549
Modification AQQ03

Part I - Budget Plan

Page 1 of 1

GRANTEE - State of Idaho

BUDGET PLAN

8/17/84 to 9/30/852/

10/1/85 to 2/28/87°%7

Salaries $11,546 $40,936
Fringe Benefits 2,729 9,415%/
(23% of A)
Travel 560 4,628
Equipment 2,500
Subcontracts:
1. USGS $41,200
2. State University 10,132
Other Direct Cost 60 6,175
Indirect 4,960 23,738
$138,724

TOTAL $19,855

Actual amount spent 8/17/84 to 9/30/85

Total budget from 10/1/85 to 2/28/87 including estimated

carry over.
23% of Item A

33.3% of Items A, B, C, E-2 and F




Grant No. DE-FC07-841D12549
Modification No. A0OQO3

Part IIl.a - Statement of Work
Page 1 of 4

STATEMENT OF WORK
IDAHO DEPARTMENT OF WATER RESOURCES

In the Twin Falls - Banbury area (and, if time and funding permit,
extending toward the Artesian City area), perform the following tasks:

Task 1.

Task 2.

Task 3.

Task 4.

Task 5.

Task 6.

Task 7.

Continue ongoing monitoring program of temperature, pressure,
and flow rate of selected wells. Identify additional wells
to monitor. If possible, monitor the wells on a weekly
basis.

Continue collecting water samples from geothermal wells for
chemical analysis. Evaluation of these results should
include an analysis of possible mixing.

Expand the area being geologically mapped under the present
program to include the areas of additional wells being
monitored and possible recharge zones, which are presumed to
be south of the ground water management areas.

Collect up to 10 rock samples for whole-rock geochemical
analyses; coordinate these analyses with the Earth Science
Lab/Univ, Utah Research Inst.

If time and funding permit, obtain selected potassium-argon
or fission track dates on rhyolites and/or Banbury basalts.

Prepare a final report, which will include a geologic map of
the study area, including geologic structures, age dates, and
thermal wells. The report will also include results and
interpretations of the monitoring and geochemical programs.

A geologic model of the hydrothermal systems will be
developed, and a suggested network for further well
monitoring efforts will be identified.

Provide overall project management and complete and report on
tasks in a timely manner. Management reports shall be
provided as defined by the attached DOE Form EIA 459A -
Reporting Requirements Checklist. The original Final Report
for this grant will still be due on the-original due date.
The required reports are also summarized as follows:




(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

The deliverables resulting from the tasks outlined above which will be

REPORT

Form DOE 538 Notice of Energy RD&D 30 days
grant

Quarterly Management Summary Report 15 days

quarter end

Project Status Report 15 days after calendar
quarter end

Phase I Final Report (Draft) Due 45 days prior to
original completion date

Phase I Final Report Due on original completion
date

Final Report (Draft) Due 45 days prior to updated
completion date

Final Report Due on updated completion
date

Financial Status Report -

delivered to DOE are summarized as follows:

1.

2.

The original Final Report (herein referred to as Phase I Final
report) and the Final Report for this addition to the grant--one
camera-ready copy plus sixteen additional copies will be

distributed as specified in the attached DOE

Reports previously described under Task 8 above will be prepared
and issued in the amounts and at the frequency shown.

Due annually and upon OMB
Form 269 completion

MUU L TcaL vl 1w, nuvo
Part I1I.a - Statement of Work
Page 2 of 4
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after award of

after calendar

Form EIA 459A.
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U.S. DEPARTMENT OF ENERGY
FEDERAL ASSISTANCE REPORTING CHECKLIST

FORM EIA4B9A
$10/80}

FORAM APPROVED
OMB NO. 1900-0127

1. ldentification Number:

2. Program/Project Title:

DE-FG07-841D12549

Geothermal Resource Assessment

3. Recipient:
State of Idaho, Department of Wate

r Resources

4. Reporting Requirements:

PROGRAM/PROJECT MANAGEMENT REPORTING

Federal Assistance Milestone Plan

Federal Assistance Budget Information Form
Federal Assistance Management Summary Report

federal Assistance Program/Project Status Report

FIEEDO

Financial Status Report, OMB Form 269 .
TECHNICAL INFORMATION REPORTING

Notice of Energy RD&D

Technical Progress Report

Topical Report

EIEIOE]

Final Technical Report

- Frequency No. of Copies Addressees
Q 1,1,1 A,B,C
Q 1,1,1 A,B,D
Y,F 1 A
Y 1,1,1 A,B.E
- A* 1,1 %%,1 A,B,D
F* 1,1%x 3 A,B,D

FREQUENCY CODES AND DUE DATES:

-

A - As Necessary; within 5 calendar days after events.

F - Final; 90 calendar days after the performance of the effort ends.

Q - Quarterly; within 30 days after end of calendar quarter or portion thereof.

O - One time after project starts; within 30 days after award. .

X - Required with proposals or with the application or with significant planning changes.
Y - Yearly; 30 days after the end of program year. {Financial Status Reports 90 days).

S - Semiannually; within 30 days after end of program fiscal half year.

5. Special Instructions:

*Draft Report due 45 days prior

to completion date to allow for

DOE review and comments and is within the Grant budget period.

**Camera ready copy must be included.

6. Prepared by: (Signature and Date)

7. Reviewed by: (Signature and Date)

(ISR




REPORT DISTRIBUTION LIST

Ronald A. King
Contracts Management Division

U. S. Department of Energy
Idaho Operations Office
785 DOE Place

Idaho Falls, ID 83402

Peggy Brookshier

Advanced Technology Division
U. S. Department of Energy
785 DOE Place

Idaho Falls, 1ID 83401

Earl G. Jones
Financial Management Division

U. S. Department of Energy
Idaho Operations Office
785 DOE Place

Idaho Falls, ID 83402

Duncan Foley

University of Utah Research Institute
Earth Science Laboratory

391 Chipeta Way, Suite C

Salt Lake City, UT 84108

U. S. Department of Energy
Technical Information Center

P. 0. Box 62
Oak Ridge, TN 37830




7-81) : NUIICE UF FINANUIAL AdDID 1 AIVLE ATVANL
o (See Instructions on Reverse)
» .
- .
Under the suthority of Public Law 93-410 and
subject to legisiation, regulations snd policies spplicable to fcite legisiative program title):
Geothermal Research, Deve?opment and Demonstration Act of 1977

1. PROJECT TITLE 2. INSTRUMENT TYPE
sothermal Resource Evaluation in ldaho ) GranT [ cooPeRATIVE AGREEMENT
4. INSTRUMENT NO. 5. AMENDMENT NO.
3. RECIPIENT (Name, address, zip code, area code and telephone no.) DE-FGO7-841D12549 M002
State of Idaho 6. BUDGET PERIOD 7. PROJECT PERIOD
Department of Water Resources, Statehouse rrom:8/17/85 ru: 8/31/86 |From:8/17/85 THRY: 8/3] /86
Boise, ID 83702 10. TYPE OF AWARD
R No.
8. RECIPIENT PROJECT DIRECTOR (Name and telephone No.) O New 0J CONTINUATION ) RENEWAL
Leah V. Street
& REVISION O SUPPLEMENT
8. RECIPIENT BUSINESS OFFICER (Name and telephone No.) .
Same as Item #8 12, ADMINISTERED FOR DOE BY (Name, address, zip code, telephone No.)
Ronald A. King (208)526-0790
11. DOE PROJECT OFFICER (Name, address, zlp code telé)hone No,) u. s. Department of Energy
Peggy Brookshier 526-1403 Idaho Operations Office
U.S.DOE, Idaho Operations 0ff1ce 785 DQE Place
785 DOE Place, = ldaho Falls, ID 83401 Idaho-Falls, 1D 83401
13. RECIPIENT TYPE :
X STATE GOV'T O INDIAN TRIBAL GOV'T  [J HOSPITAL [ FOR PROFIT O INDIVIDUAL
ORGANIZATION
O rocAL Gov'T D INSTITUTIONOF [J OTHER NONPROFIT D OTHER (Specify)
HIGHER EDUCATION ORGANIZATION Oc Op Osp
14, ACCOUNTING AND APPROPRIATIONS DATA 16. EMPLOYER 1.D. NUMBER/SSN
a, Appropriation Symbol b. B & R Number c. FTIAFP/OC d. CFA Number
16. BUDGET AND FUNDING INFORMATION
__ 8. CURRENT BUDGET PERIOD INFORMATION b. CUMULATIVE DOE OBLIGATIONS
(# “¥E Funds Obligated This Action $__ =0-__ 1 (1) This Budget Period s_98,579
{2) DOE Funds Authorized for Carry Over s__ ~0- | [(Towtoflinesa(1)anda.(3))
{3) DOE Funds Previously Obligated in this Budget Period s 98 579 {2} Prior Budget Periods s__ -0-
{4) DOE Share of Totsl Approved Budget
(5) Recipient Share of Total Approved Budget S = G' {3) Project Period to Date . $ 98,579
(6) Tota! Approved Budget $ .9&.!5___ [Total of lines b. (1) and b. (2)]

" 17. TOTAL ESTIMATED COST OF PROJECT  $ 98.579

(This is the current estimated cost of the project. It is not 8 promise to award nor an authorization to expend funds in this amount.)

18. AWARD/AGREEMENT TERMS AND CONDITIONS

This award/agreement consists of this form plus thes foflowing:

a. Special terms and conditions (if grant) or schedule, general provisions, special provisions (if cooperative agreement)

b. Applicable program regulations {specify) N/A [Date)
¢. DOE Assistance Regulations, 10 CFR Part-600, as amended, Subparts A and [X B (Grants) or O C (Cooperative Agreements).
d. Application/proposal dated 5/ 2/ 85 , [ as submitted O with changes as negotiated

19. REMARKS

This document revises budget plans, within existing budget dollar ceilings, as attached.

20. EVIDENCE OF RECIPIENT ACCEPTANCE 21. AWARDED BY
-, %«L' P ’I,{L&DM C'O/«Lé ‘7////&_5
gnature pf Authofized Recipient Official) {Date) (Signature). " (Date)
ialne Haas William C. Drake
{Name) . (Name)
Resource Analysis Division Administrator Contracting Officer

{Title) (Titte)




CONTRACT MODIFICATIONS TO INSTRUMENT NO. DE-FGO7-841D12549

Salaries reduced by: $2,000
Fringe reduced by: 460 .

State University
Contract increased by: 2,000

This results in the following changes:

Salaries $25,000
Fringe 5,570
State University 10,132




STATE OF IDAHO
DEPARTMENT OF WATER RESOURCES

SOUTHERN REGION

John V. Evans 1041 Blue Lakes Blvd. North
Governor Twin Falls, Idaho 83301

(208) 734-3578
A. Kenneth Dunn
Director

February 5, 1985

Duncan Foley

University of Utah Research Institute
Earth Science Laboratory

Research Park

391 Chipeta Way

Suite A

Salt Lake City, Utah 84108

Dear Duncan:

Enclosed is the draft proposal to D.0.E. for your review and
comments. I feel that such a study would make a contribution in
understanding Idaho's geothermal resources and would complement
existing work. :

If you have questions, please contact me at 208-734-3578.

Sincerely,

eah V. Street
Geologist




State of Idaho

DEPARTMENT OF WATER RESOURCES

Southern Region, 2148 4th Ave. East, Twin Falls, Idaho 83301 (208) 734-3578

CECIL D. ANDRUS R. KEITH HIGGINSON

Governor Director

o]
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May 18,1989

Kenneth J. Taylor

U. S. DOE, ldaho Operations Office
78% DOE FPlace

Idaho Falls, Idaho 83402

Dear kKen:

Enclosed please find one copy of the final Idaho-DWR report
"Geothermal Resource Analysis in Twin Falls County, Idaho" by
Leah Street and Robert DeTar.

My records indicate that a camera-ready copy of this report was
gsent to the Technical Information Center at Oak Ridge, TN on

March 9, 1988 following receipt of patent approval.

Sincerely,

Howard F. Ross
Froject Manager

encl.




State of Idaho
DEPARTMENT OF WATER RESOURCES

STATE OFFICE, 1301 North Orchard Street Bose, Idoho  83706-2237 » (208) 334-4440

CECIL D. ANDRUS R. KEITH HIGGINSON
Governor Director
// /1 / k¥

January 6, 1988

Mr. Howard Ross

Earth Science Laboratory

University of Utah Research Institute
391 Chipeta Way, Suite C

Salt Lake City, UT 84108

Dear Mr. Ross:

Enclosed please find seven (7) copies of the final
report entitled "Geothermal Resource Analysis in Twin
Falls County, Idaho" and one (1) copy of the Boise State
University report entitled "Evaluation of the Boise
Geothermal System”". Both project reports were funded by
the U.S. Department of Energy through Grant Number
DE-FG07-841ID12549. Also enclosed is a copy of the report
distribution list that has changed since the original
contract was signed.

If you have any questions regarding this report,
please contact Leah Street at (208) 734-3578.

Sincerely,

Administrator
Resource Analysis Division

WTH:LS:db
Enclosures




DISTRIBUTION LIST

No. of Copies No. of Copies
IDWR Report1 BSU Report2
Sent to:
Elizabeth Hyster 1 1
U.S. Department of Energy
785 DOE Place
Idaho Falls, ID 83402
Susan Prestwich 1 1
U.S. Department of Energy
785 DOE Place
Idaho Falls, ID 83402
Marshall Reed 2 2
U.S. Department of Energy
Forrestal Building
1000 Independence Avenue, S.W.
Washington, DC 20585
Howard Ross 5 bound 1
Earth Science Laboratory 1 unbound
University of Utah 1l camera ready
Research Institute
391 Chipeta Way, Suite C
Salt Lake City, UT 84108
Total 11 5

"Geothermal Resource Analysis in Twin Falls County, Idaho", Department
of Water Resources, July, 1987

"Evaluation of the Boise Geothermal System", Department of Geology,
Boise State University, December, 1987




State of Idaho
DEPARTMENT OF WATER RESOURCES

STATE OFFICE, 1301 North Orchard Street Boise, Idaho  83706-2237 ¢ (208) 334-4440

CECIL D. ANDRUS R. KEITH HIGGINSON

Governor Director

December 21, 1987

Susan Prestwich

U.S. Department of Energy
785 DOE Place

Idaho Falls, Idaho 83402

Dear Sue:

Shortly, you will be receiving two of the three
deliverables for contract number DE-FG07-84ID12549. The
report that I have prepared and the report B.S.U. prepared
will be in to you by December 31. Unfortunately, the U.S.
Geological Survey has not submitted their final report
because of computer problems and lack of staff in their
reports section. I have discussed with Bob Lewis the
importance of this report and he assured me that he is
doing what he can to get the report out. Based upon this
delay, I will need to ask for yet another no-cost extension
to this grant until the end of February, 1988.

Thank you for your patience in the matter. Call me at
734-3578 if you have any questions.

Sincerely,

FA

h V. Street
Geologist

/f%: Howard Ross




State of Idaho

DEPARTMENT OF WATER RESOURCES .. */+/*
SOUTHERN REGION

CECIL D. ANDRUS 2148 4th Ave. E.
Governor Twin FO“S, IdOho 83301
(208) 734-3578

A. KENNETH DUNN
Director

May 12, 1987

Howard Ross

Earth Science Laboratory

University of Utah Research Institute
391 Chipeta Way, Suite C

Salt Lake City, UT 84108

Dear Howard:

Enclosed are copies of my report entitled "Geothermal Resource
Analysis in Twin Falls, Idaho" and "The Hydrothermal System in
Central Twin Falls County, Idaho" by Lewis and Young. Both are
in draft form and subject to revision. The Appendix, References,
Table of Contents, etec. are not included in my report. If you
want to see the drafts, I will be glad to send thenm.

I have also enclosed the list of tasks outlined in the DOE
grants, Hopefully, everything is covered.

If you have any questions, please contact me.

Sinczrely,

v{v

g

lLedh V, Street
Geologist

LS:MB

Enclosures
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Modification No. AQO3
X Part 11l.a - Statement of Work
. Page 1 of 4

STATEMENT OF WORK
IDAHO DEPARTMENT OF WATER RESOURCES

In the Twin Falls - Ranbury area (and, if time and funding permit,
extending toward the Artesian City area), perform the following tasks:

DWW Task 1. Continue ongoing monitoring program of temperature, pressure,
and flow rate of selected wells. Identify additional wells

to monitor. 1f possible, monitor the wells on a weekly
basis.

1545 Task 2. Continue collecting water samples from geothermal wells for
") chemical analysis. Evaluation of these results should
include an analysis of possible mixing.

IDWR ' Task 3. Expand the area being geologically mapped under the present
program to include the areas of additional wells being
monitored and possible recharge zones, which are presumed to
be south of the ground water management areas.

QW Task 4, Collect up to 10 rock samples for whole-rock geochemical

analyses; coordinate these analyses with the Earth Science
Lab/Univ. Utah Research Inst.

Task 5. 1If time and funding permit, obtain selected potassium-argon
or fission track dates on rhyolites and/or Banbury basalts.

(Do Task 6. Prepare a final report, which will include a geologic map of
the study area, including geologic structures, age dates, and
thermal wells. The report will also include results and
interpretations of the monitoring and geochemical programs.

A geologic model of the hydrothermal systems will be
developed, and a suggested network for further well
monitoring efforts will be identified.

Task 7. Provide overall project management and complete and report on
tasks in a timely manner. Management reports shall be
provided as defined by the attached DOE Form EIA 459A -
Reporting Requirements Checklist. The original Final Report
for this grant will still be due on the original due date.
The required reports are also summarized as follows:
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STATEMENT OF WORK

Grantee: IDAHO DEPARTMENT OF WATER PESUURCES

The Grantee will accomplish the purpose of these Geothermal Energy Investi-
gations by nerforming the following tasks:

Task 1.

Task 2.

Task 3.

Task 4,

Sample, log, and perform chemical analyses for geothermal springs
and approximately 25 wells which nave been drilled in southern
Idaho during the past two years. A report will be prepared

which will contain a 1isting of the chemical analyses, estimates

of reservoir temperatures, and where possible, temperature profiles.

Characterice the geothermal reservoiv in the Twin Falls area.
Specific objectives will be to determine the volume, Tongevity,
and effect of present development on the resource. A report will
be prepared describing the findings of this study.

Monitor and characterize the Boise geothermal resource. A monitor-
ing system of pressure transducers would be installed on the non-
producing wells, the data stored on tape, and interpreted using a
computer. At the end of one year a report will be prepared detailing
the results of this task.

Provide the overall project management and complete and report on
tasks in a timely manner. Management reports shall be provided
as defined by the attached DOE Foym ELA 45Y9A, Reporting Require-
ments Checklist. The required reports are also summarized as
follows:

1. Form DOE 538 Notice  Due 30 days after award of grant.
of Energy R&D

2. Quarterly Manage- Lue 15 days after calendar quarter end.
ment Summary Report

3. Quarterly Project Due 15 days after salendar quarter end.
Status Report

4. Three lopical DBue prior to or accompanying final
Reports - One each report in both draft and in final form

for Tasks 1, 2, and and including one camera-ready cepy.
3

v'5, Final Report (Draft} Due 45 days prior to completion date.

6. Final Report Due on completion date.

7. Financial Status Due on completion date.
Report, OMB Form 269



UNIVERSITY OF UTAH RESEARCH INSTITUTE

EARTH SCIENCE LABORATORY
391 CHIPETA WAY, SUITE C
SALT LAKE CITY, UTAH 84108—1295
TELEPHONE 801-524-3422

May 22, 1987

Ms. Leah V. Street

Idaho - Dept. of Water Resources
2148 4th Ave East

Twin Falls, ID 83301

Dear Leah:

Thank you for the opportunity to review the draft of your
. raeport "Geothermal Resource Analysis in Twin Falls County, Idaho
. and "The Hydrothermal System in Central Twin Falls County, Idaho*
by Lewis and Young. 1 really enjoyed reading these reports and
through them 1 have learned alot about the Snake River Plain
geology and the hydrology of the study area. Taken together, the
two reports seem to provide a good understanding of the
geothermal resource.

I am enclosing review comments and markings on the text for
your consideration. I hope that these may make the text even
better reading for those not familiar with the area and the
topic. I realize that neither report is in final form and that
many minor changes would probably be made after another reading.

Please call me to discuss any comments that are unclear or
inappropriate. Both reports are good studies that should play a
major role in managing and protecting the geothermal resource. I
look forward to seeing the final report.

Sincerely,

Sbaesd

Howard Ross
Project Manager

encl
cc: P. Brookshier

Ar




REVIEW COMMENTS
Geothermal Resource fAnalysis in Twin Falls County, Idaho
Needed far +tinal report. Table of Contents; List of

Illustrations and Tables; Acknowledgement of DOE Fundings
DOE Disclaimer Statement; Abstract.

Introduction. The Introduction should be expanded to orient
readers less familiar with the location of the project.
Perhaps a page size index map showing the location of the
project areas within the state, or a few sentences
describing the location would suffice. Does this study
provide background data to aid IDWR in establishing policy
for water usage? If so this might be stated.

Writing Style. In some sections of the report, especially
the introduction, the text seems quite terse and would be
more clearly understood with a few more adjectives or
explanatory phrases. See comments in the text. Chapter
headings should be capitalized rather than underlined.

References. References are generally carefully noted,
especially at the start of chapters. Some specific
observations or conclusions are not referenced and do not
appear to be results from the present study. FPlease reread
the text with this comment in mind. PFPlease be certain to
cross check the Reference list, and year of reference, with
the text.

The geologic/hydrologic discussions would benefit from more
frequent reference to the appropriate figures. 1 was often
uncertain as to which figure I should be looking. There are
references to geagraphic features not included on the
figures, i.e. Monument Hills, Clover, etc.

It is sometimes unclear if an observation or conclusion is
due to the present authors or to other workers.

Hydrologic Studies. The results of the hydrologic studies
(p.22, etc) are quite significant and the discussion should
be expanded. What is the total decline in water level

~contours, and/or the decline in ft/yr? The water level

contour map should be rotated (North up) and geographic
features and scale added.

Temperature Variations. Monitoring of wells (p.23) included
temperature measurements as well as shut—-in pressures (Task
1). Temperatures (max or bht?) are listed for several wells
in Table ( ). Were temperature variations observed during
monitoring? How much? Does temperature correlate with
pressure changes or is it seasonal? Any temperature
variation could be quite meaningful, but it does not appear
to be discussed.




10.

11.

Hydrograph Data. The hydrograph data are interesting. The
basic instrumentation should be described in a few sentences
for those less familiar with the technique. Were changes
recarded with in—-place pressure transducers and pressure
readings converted to feet above/below land surface? The
hydrographs would be more readable if vertical lines across
the charts indicated the beginning of each new year. 1 am
not familiar with the instrument details, but the truly flat
areas on two hydrographs are certainly suggestive of
instrument failure. Is this a possibility?

Summary and Recommendations. (p.30,31) These studies
indicate (to me) the need for careful regulation of pumping
rates, non—thermal (irrigation, well head power generation)
usage, and drilling of new wells. Would DWR care to
recommend production limitations or suggest regulatory
actions based on these studies? What is a "safe " annual
production level?

Task S. This task called for K-Ar or fission track dates
on rhyolites and/or Banbury basalt it time and funding
permits. Time has been extended and a balance of funds
remains. Were any new dates obtained? I+ not, why not?

Preliminary Model of the Thermal System. How deep do the
ground waters have to circulate to achieve the observed
temperatures? Do you agree with the Lewis and Young model?




REVIEW COMENTS

The Hydrothermal System in Central Twin Falls County, Idaho
by R. E. Lewis and H. W. Young

pP-7,1.45 warm {(not hot) water reservoir?
p.12,1last line; refer to Figure 3

p-13,17; that the average

P. 15, Acknowledgements— IDWR and DOE Funding, DOE Grant No.
p-25, last linej interbeds, as ..

p.J30,1.13; declined ;35 1.14; refer to Figure 5.
p.31,1.123 The artesian..

p.34,1.12; cal/em s C./ﬁ% Substituting . .
P.35,1.3; a minimum depth .

P-36,1.1; waters; 1.3; waters . . . exhibit . .
P-47,1.146; estimates jé% when. . .

p.94,12, isotope fraction . .

P-96,1.12; lines, are . . ; 1.14,21,24; per_mil
P.59,1.5 from bottom; per_mil . .

P.63,1.23 to aid the . . to determine the . .
P.63,163 a point north of . .

p-64, 1l.8;Magnitudes (not intensities)

p.66,1.8,9; is faulting down to the south consistant with known
geolagy?

p.b67,1.4-83contradiction(?); how can the middle unit near
Hollister thicken southward and thin southward?

P.67,1.13,14; the profile ends at Sta.23-there is no data to
indicate thickness south of Sta. 23.

p.68,1.2; to depth or thickness?; 1.4; ..River Flain does not
show an extension.




p.71,1.3 from bottom; South Hills not shown on Fig. 3 or 4.

p-74,1.13 the %ng%; Idavada volcanics . .

P-74,1.6; where much of the more soluble minerals . .

Note: I did not check references versus the text.
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State of Idaho

DEPARTMENT OF WATER RESOURCES

STATE OFFICE, 450 W. State Street, Boise, Idaho

JOHN V. EVANS Mailing address:
_ Govemor Statehouse
Boise, Idaho 83720
A. KENNETH DUNN (208) 334-4440

Director

August 14, 1985

Peggy A. M. Brookshier

U. S. Department of Energy
Idaho Operations Office
550 Second Street

Idaho Falls, ID 83401

RE: Modification No. M00l to Grant No. DE-FG07-841ID12549
Dear Ms. Brookshier:

Enclosed please find the fully executed copy of the subject
modification for your official file.

BUD incerely,

by Yk D

erry D./Galinato
upervisor o= LS
Resource Section N A

GDG:sb
encl

RECEIVE
viD. AUG 1 & 1385

ADNANC ;- Flrivanogy
BRANCH
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State of Idaho
DEPARTMENT OF WATER RESOURCES

STATE OFFICE, 450 W. State Street, Boise, Idaho

Mailing address:
Statehouse
Boise, Idaho 83720
A. KENNETH DUNN (208) 334-4440

Direcror

August 8, 1985

Peggy A. M. Brookshier
U.S. Department of Energy
Idaho Operations Office
550 Second Street

Idaho Falls, ID 83401

RE: Grant No. DE-FG07-84ID12549
Dear Ms. Brookshier:

Enclosed please find the fully executed copy of the form
"Assurances", which is required to complete the documents of the
above grant,

I am also enclosing a copy of our Indirect Cost Negotiating
Agreement (7/1/84-6/30/85). We are presently negotiating the new
indirect cost agreement (7/1/85-6/30/86) and it might take three
months to complete. We will send you the new agreement as soon
as it is available.

If you have any questions, please call me at (208) 334-4461
or Leah Street at (208) 734-3578.

Sincerely,

By 8. J—

alinato
Superv1sor
Resource Section

GDG:sb
encls
cc: Leah Street

RECEIVED
FUG 121985

ADYANCED TECHIN...oQY
BRAMNCH




ASSURANCES

The Applicant hereby assures that it will comply with the regulations,
policies, guidelines and requirements, including the applicable OMB
Circulars as they relate to the application, acceptance and use of Federal
funds for this federally-assisted project. Also the Applicant assures and
certfies that:

1. It possesses legal authority to apply for the grant; that a resolution,
motion or similar action has been duly adopted or passed as an official
act of the applicant's governing body, authorizing the filing of the -
application including all understandings and assurances contained
therein, and directing and authorizing the person identified as the
official representative of the applicant to act in connection with the
application and to provide such additional information as may be
required.

2. It will comply with Title VI of the Civii Rights Act of 1964
(P.L. 88-352) and in accordance with Title VI of that Act, no person in
the United States shall, on the ground of race, color, or national
origin, be excluded from participation in, be denied the benefits of,
or be otherwise subjected to discrimination under any program or
activity for which the applicant receives Federal financial assistance
and will immediately take any measures necessary to effectuate this
agreement.

2. It will comply with Title VI of the Civil Rights Act of 1964 (42 USC
” 2000d) prohibiting employment discrimination where (1) the primary
purpose of a grant is to provide employment or (2) discriminatory
employment practices will result in unequal treatment of persons who
are or should be benefiting from the grant-aided activity.

4. It will comply with requirements of the provisions of the uniform
Relocation Assistance and Real Property Acquisitions Act of 1970
(P.L. 91-646) which provides for fair and equitable treatment of
persons displaced as a result of Federal and federally assisted
programs.

5. It will comply with the provisions of the Hatch Act which limit the
political activity of employees.

6. It will comply with the minimum wage and maximum hours provisions of
the Federal Fair Labor Standards Act, as they apply to hospital and
educational institution employees of State and local governings.

7. It will establish safeguards to prohibit emmployees from using their
positions for a purpose that is or gives the appearance of being
motivated by a desire for private gain for themselves or others,
particularly those with whom they have family, business, or other ties.

It will give the sponsoring agency or the Comptroller General through
any authorized representative the access to and the right to examine
all records, books, papers, or documents related to the grant.

&
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30.

11.

It will comply with all requirements imposed by the Federal sponsoring
agency concerning special requirements of law, program requirements,
and other administrative requirements. '

It will insure that the facilities under its ownership, lease or
supervision which shall be utilized in the accomplishment of the
project are not listed on the Environmental Protection Agency's (EPA)
list of Violating Facilities and that it will notify the Federal
grantor agency of the receipt of any communication from the Director of
he EPA Office of Federal Activities indicating that a facility to be
used in the project is under consideration for listing by the EPA.

It will comply with the flood insurance purchase requirements of
Section 102(a) of the Flood Disaster Protection Act of 1973, Public Law
93-234, 87 Stat. 975, approved December 31, 1976. Section 102(a)
requires, on and after March 2, 1975, the purchase of flood insurance
in communities where such insurance is available as a condition for the
receipt of any Federal financial assistance for construction or
acquisition purposes for use in any area that has been identified by
the Secretary of the Department of Housing and Urban Development as an
area having special flood hazards.

The phrase "Federal financial assistance” includes any form of loan,
grant, guaranty, insurance payment, rebate, subsidy, disaster
assistance loan or grant, or any other form of direct or indirect
Federal assistance.

It will assist the Federal grantor agency in its compliance with
Section 106 of the National Historic Preservation Act of 1966 as
amended (16 U.S.C. 469a-1 et seq.) by (a) consulting with the State
Historic Preservation Officer on the conduct of investigations, as
necessary, to ldentify properties listed in or eligible for inclusion
in the National Register of Historic Places that are subject to adverse
effects (see 36 CFR Part 800.8) by the activity, and notifying the
Federal ?rantor agency of the existence of any such properties, and by
(b) complying with all requirements established by the Federal grantor
agency to avoid or mitigate adverse effects upon such properties.

The Applicant certifies that it will comply with the above assurances
if the assistance is approved.

Grant Applicant: Idaho Department of Water Resources

\ . Geothermal Resource Evaluations
Project Title: in Idabo

Certifying Representative: . :
Sighatdre
Resource Analysis

Wayne haas, Division Administrator
Name and Title

August 7, 1985
pate

H3c-3950H




. STATE AND LOCAL DEPARTMENT/AGENCY
INDIRECT COST NEGOTIATION AGREEMENT .

© 1584
DATE:
INSTITUTION: 1Idaho Department of Water Resources
Statehouse FILING REF.: This replaces
Boise, Idaho 83720 . Negotiation Agreement

daced October 27, 1983

The I{ndirect cost rate(s) contained herein are for use on grants and

contracts with the Federal Government to which Federal Management Circular

74-4 applies subject to the limitations contained in the Circular and

in Section II A below. The rate(s) were negotiated by the _Department
of the Interior, Office of Inspector General, Western Region

and :hew Department of Water Resources
in accordance with the authority contuined {1 Actachment A, Sec;ion

J.3. of the Circular.

-

SECTION 1: Rates

Effective Period Applicable

Type From To Rate* Locations to
Final 7/1/82 6/30/83 30.6% All All
Fixed carry- : )

forward 7/1/83 6/30/84 29.4% All All
F:d carry- _ - .
forward 7/1/84 6/30/85 33.3% All All

*Base! Total direct costs less pass-through funds, cap;{tal expenditures, and state
dues paid to water commissions, councils, and conferences.

Treatment of fringe benefits: Fringe benefits applicable to direct salaries and
' wages are treated as direct costs.




. @pplicable statutory limitations. Acceptance of the rate(s) agreed to herein is

gtCTION II: General Page 2 of 2

A. LIMITATIONS: Use of the rate(s) contained in this agreement is subject to aay-

predicated upon the conditions: (1) that no costs other than those incurred by the
grantee/contractor were included in its indirect cost rate proposal and that such
costs are legal obligations of the grantee/contractor, (2) that the same cost that
have been treated as indirect costs have not been claimed as direct costs, and

(3) that similar types of costs have been accorded consistent treatment.

B. AUDIT: Adjustments to amounts resulting from audit of the cost allocation plan
upon which the negotiation of this agreement was based will be compensated for in
a subsequent negotiation.

C. CHANGES: 1If a fixed or predetermined rate(s) is contained in this agreement it
is based on the organizational structure and the accounting system in effect at the
time the proposal was submitted. Changes in the organizational structure or changes
in the method of accounting for costs which affect the amount of reimbursement resultin;
from use of the rates in this agreement, require the prior approval of the authorized
representative of the responsible negotiation agency. Failure to obtain such approval
may result in subsequent audit disallowances. -

D. THE FIXED RATE(S): Contained in this agreement is based on an estimate of the
costs which will be incurred during the period for which the rate applies. When the
actual costs for such period have been determined, an adjustment will be made in the
negotiation folloving such determination to compensate for the difference between
that cost used to establish the fixed rate and that which would have been used were
the actual costs known at the time,

E. BILLING RATES: In accordance with the agreement allocating costs of central
services provided by others, adjustments have been made to properly reflect costs of
central services billed and also allocated to this department.

F. NOTIFICATION QF FEDERAﬂ AGENCIES: Copies 6f this document may be provided to
other Federal offices as a means of notifying them of the agreement contained
herein.

G. SPECIAL REMARKS: None

ACCEPTANCE

By the State Department/Ageply ! By the Responsible Agency
/// For the Federal Government
/s/

B2 Ay

A. Kefineth Dunn

Name . , Gerald W. Hicks
Name
Director . Regional Audit Manager
Title Western Region
Ticle
Qctober 23, 1984 i U.S. Department of the Interior
Date
A
gency hov 1984
Date

Negotiated by W. Michael Keefe

Telephone (g91¢) 484-4768
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-4 NOTICE OF FlﬁANC!AL ASSISTANCE AWARD K
. . {See Instructions on Reverse)

‘Under the suthority of Public Law 93-410 — and
subject to legisiation, requistions and policies applicable 0 (cite legisiative program title :

Geothermal Research, Development, and Demonstrat'ion Act of 1977
1. PROJECT TITLE 2. INSTRUMENT TYPE

Geothermal Resource Evaluations in Idaho , - L GRANT (3. COOPERATIVE AGREEMENT -
* DE-FGO07-841D12549 5 AMENDMENT No-
7 code, code and telephone no.) -

State oMa i e ’ 6. BUDGET PERIOD 7. PROJECT PERIOD

Department of Water Resources erom: 8/17/881uru: 8/17/85 |emom: 8/17/84 mvru: 8/17/85

Statehouse, Boise, Idaho 83720 10. TYPE OF AWARD
8. RECIPIENT PROJECT DIRECTOR (Name and tetephone No.) .

Leah V. Street (208)334-3788 & New O conTinuaTiON G RENEWAL

TJ REVISION 0 SUPPLEMENT

9. RECIPIENT BUSINESS OFFICER (Name and te/ephone Na.)

12. ADMINISTERED FOR DOE BY (Name, sddress, zip code, teleohone No.)

Elizabeth M. Hyster (208)526-1229
11. DOE PRUJECT OF FICER (Name, address. zip code, telephone Na.] U. S. Department of Energy
. Eldon Bray (208)526-0085 Idaho Operations Gffice
U.S.00E, Idaho Operations Office 580 Second Street
550 Second Street, Idaho Falls, ID 83401 Idaho Falls, ID 83401
13. RECIPIENT TYPE _ —
X STATE GOV'T T INDIAN TRIBAL GOVT [ HOSPITAL Z FOR PROFIT T INBIVIDUAL
- _ _ ORGANIZATION
Z LOCAL GOV'T  INSTITUTION OF T OTHER NONPROFIT (J OTHER (Soecit
HIGHER EDUCATION CRGANIZATION Tc Te COsp
1a. ACCOUNTING AND APPROPRIATIONS DATA 15. EMPLOYER 1.0. NUMGERUSSN
2. Appropriation Symbol b. 8 & R Number c FTIAFPIOC d._CFA Number
89X0224.91 AM1510000 1D-44-91/250
6. BUDGET AND FUNDING INFORMATION
3. CURRENT BUDGET PERIOD INFORMATION b. CUMULATIVE DOE CBLIGATIONS
11) DOE Funds Obligated This Action $ 98 873 | (1) This Budger Period s_Gg 570
12) DOE Funds Authorized for Carry Over s_=0-__ {Toeal of lines a.(1) and 8.{3))
(3) DOE Funas Previously Obligated in this Budget Period $ _=0-_____ | (2) Prior Budget Periods S -0-
{4) DOE Share of Total Approved Budget s 98,870 _
{5} Recipient Share of Total Approved Budget $_=0-_ |3 Project Period to Dste §_098 R87¢C
6) Toral A ! Budget ¢ 08 579 [Total of tines b. (1) and b. (2}]

37. TOTAL ESTIMATED COST OF PROJECT S
This is the current estimated cost of the profect. it is not a pronuse to award nor an suthonzation to expend funds in his smoust./

18. AWARD.AGREEMENT TERMS AND CONDITIONS
This award agreemaent consists of this form pius the following:
a. Soecial terms and conditions (if grant) or schedule, general provisions, special provisions iif cooperative agresment

t. Applicacte program reguiations (specrfy/ N/A JDsre}
c DCE Assistance Reguiations, 10 CFR Part-600, as amended, Subparts A and X2 8 (Grants) or = C (Cooperative Agreements).
d. Appticationsoroposal dated £/31/84 . T as submitted X with changes as negotiated

19. REMARKS

This Grant consists of this NFARA, Part I-Budget Plan, Part II-Conditions, and Part I:Il- stateﬂ'oﬂ

of Work. The [DOE Financial Assistance Rules (10CFR Part 600), OMB Circular A-102, CMB Circuiar
A-27

7 RECIPIENT ACCEPTANCE 71, AWARDED BY

— e N e, '

Y /- / NN o ! |

Zé“-’ % / E{ S &R DEERED
muthonééd Recisient Officiall ates /- (Signamrel {Darej
ine Haas 141'11’iam C. Drake

(Name) H . {Name)
Resource Analysis Division Adminis- Cortracting Officer

(Tictel «racor {Title)

0. EVICENCE

tSignature
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TECHNICAL EVALUATION OF A GRANT PROPOSAL

TITLE: Geothermal Resource Evaluations in Idaho, 1984-1985.
SUBMITTED TO: Department of Energy, Idaho Operations Office.
SUBMITTED BY: State of Idaho

Department of Water Resources

Statehouse

Boise, ID 83720.
AMOUNT REQUESTED: $119,101.
PROPOSED DURATION: One year.

PROPOSAL DESCRIPTION: The proposer offers to perform four tasks which are:

(1) Sample, log, and perform chemical analyses for
geothermal springs and approximately 25 wells which
have been drilled in southern Idaho during the
past two years.

(2) Characterize the geothermal reservoir in the Twin
Falls area. Specific objectives will be to determine
the volume, longevity, and effect of present develop-
ment on the resource.

(3) Monitor and characterize the Boise geothermal resource.

(4) Provide a geothermal study fund at the three Idaho
state universities.

The amount requested ($119,101) to perform these tasks is greater than the
amount available ($90,000). The order of priority and the cost of each
task is:

Task 2§ 81,851
Task 3 12,250
Task 1 20,000
Task 4 5,000

$119,101
Much of the work of Task 1 is necessary for the accomplishment of Task 2, so

Task 1 cannot be eliminated. Task 4, however, can be eliminated without
damaging the program.

24




GENERAL REMARKS:

1.

Work Statement: The grantee's proposed work statement and schedule
are compatible with DOE technical requirements with the exception of
Task 4 which is of low priority and for which we lack sufficient funds.

Task Changes: The proposed activities of Tasks 2, 3, and 1 appear
adequate to achieve the desired results. Task 4 should be eliminated
or, if additional funding or cost reductions become apparent, it can
be included as a Tow priority item.

Cost Information: Budget data, after telecon with the proposer, is
adequate for evaluation of the proposal, and the amounts appear reason-
able but there is a question of whether indirect costs should be
charged for the $42,500 to be co-funded with the U. S. G. S.

SPECIFIC REMARKS:

1.

Manhours: Salaries are expressed in dollars; telecons with the proposer
indicate the manhours and costs are reasonable, but additional detail
may be necessary.

Materials: Material costs are not listed separately, but are included
in other categories such as laboratory and overhead.

Subcontracts: Subcontract activities, as indicated for Task 3, appear

to be reasonable and appropriate.

Travel and Per Diem: Travel and per diem are combined in the cost

figures; the figures appear reasonable and were explained via telecon
with the proposer.

Other Direct Costs: Other direct costs include laboratory, geophysics,
report publication, and equipment; they appear to be reasonable.

Proposers Capability to Meet the Objectives: The proposer has the
education, experience, expertise, and support from others and is fully
capable of meeting the key objectives of the proposal.

Key Personnel Qualifications: Leah V. Street, the Principal Investigator,

has a Master of Science degree in Geology, has several years of experience
in geothermal resources, and is fully qualified for this work. The
qualifications of other individuals who will be working on the project
will be reviewed by the P. I. and they will be directed by qualified
personnel including the P. I.




8. Anticipated Objectives and Probability of Success: The anticipated
objectives of all tasks funded should be met with a high probability
of success. Tasks 2, 3, and 1 will contribute very significantly to
the understanding of the Twin Falls and the Boise geothermal reservoirs.
Same L5287 ‘7¢f,f:(ﬁﬁé%7‘? ﬂ?%)ﬂ(faf,
Date R. Eldon Bray i
General Engineer 7

Advanced Technology Division
U. S. Department of Energy
Idaho Operations Office




JUSTIFICATION FOR NON-COMPETITIVE AWARDS

I recommend that negotiations be conducted only with those organizations
listed below for the services described herein in accordance with DOE-PR
9-3.805-501.

S

Organization

State of Washington, Department of Natural Resources

State of Washington, Energy Office

State of Oregon, Dept. of Geology & Mineral Industries
State of Oregon, Department of Energy

State of Alaska, Department of Commerce & Economic Development, Office of Energy
University of Alaska, Geophysical Institute

State of Alaska, Department of Natural Resources

New Mexico State University, Energy Institute

State of New Mexico Energy & Minerals Department

Idaho Department of Water Resources

State of Utah, Utah Geological & Mineral Survey

State of Utah, Division of Water Rights

State of Montana, Dept. of Natural Resources & Conservation
State of Montana, College of Mineral Science & Technology




1. Description of Supplies or Services to be Supported

A.

The actions with the above named universities and state government
agencies are for geothermal resource assessment and to promote
geothermal technology transfer within the participating states.
Emphasis will be placed on detailed studies within areas with high
temperature resources and/or expansion of work previously conducted
within the states.

The work to be provided by each university or state agency will be
tailored to the needs within each state and DOE objectives for con-
tinued resource assessment and technology transfer.

2. History, Estimated Future Requirements, and Long-Range Objectives

A.

The State Teams Programs were initiated approximately seven years ago.
At the program peak DOE-ID was administering 39 geothermal contracts,
cooperative agreements, or grants with universities and state agencies.
Eight of the above mentioned organizations are at present in the final
phases of their agreements with DOE; the remainder have completed the
work, and their agreements were closed out.

This work is a continuation of the previous program in the sense that
it is for geothermal resource assessment and technology transfer.
However, the new emphasis will be in accordance with the generic guide-
lines set forth in C below and will investigate higher temperature
systems.

A1l work will be within the generic guidelines of DOE which are to
implement these activities within states which:

1. Have potential for high temperature geothermal resources

2. Whose resource assessment efforts will support R&D investigations
required by magma and Cascades research programs

3. Have existing resource and energy groups actively supporting
geothermal development

4, Are currently providing outstanding technology transfer and
institutional problem mitigation activities

It is not anticipated that DOE will be able to develop competition
for this work. The performing state agencies and universities were
designated by the Governor's Office of each participating state. An
attempt to stimulate competition would be contrary to DOE's policy
of cooperation with state governments.




3. Estimated Cost

A.

The program funding level of $1,925,000 was designated by the FY-84
Appropriations Bill and DOE-HQ. The funding levels for the individual
states range from $ 90,000 to $145,000 and were established by ID

and HQ based on the prior state teams annual funding levels, the
amount and quality of work previously accomplished at these levels,
and the amount of productive work remaining to be done.

The FY-84 funding level for the portion of the program to be adminis-
tered at DOE-ID is $1,295,000 of the total program funding of
$1,925,000. This level of funding is lower than any of the previous
seven years; the amount to be funded in future years is uncertain.

It is the intent of this program to expand the knowledge of higher
temperature resources within individual states. This work was per-
formed in previous years by the organizations within each state which
were designated by the respective Governor's Office. Any change in
contractors at this time would increase costs and delay the program
and could only be undertaken with the consent of the Governor's Office
in each state.

4. Schedule Requirements

A.

The basis for the rapid emplacement of the subject program is the
imminent close-out of the agreements DOE now has with several of the
organizations we wish to have perform under the FY-84 program. The
agreements presently in place are scheduled for various completion
dates ranging from almost immediately to September 1984.

It is important to get the work started as soon as possible because
the existing expertise may be disbanded if the work presently con-
tracted for is completed prior to the emplacement of this subject
program. The existing expertise has been developed to a great
extent under the previous DOE-ID contracts and a lapse in DOE fund-
ing could result in lack of financial support for the organizations.
This cadre of experienced expertise is critical for high quality
resource assessment and technology transfer, and it is doubtful
that any other organizations can perform as well in the respective
states as those which are listed above. Rapid emplacement of this
program will help ensure the retention of the existing expertise.

It is doubtful that any savings can be realized or that competition
can be increased by relaxing schedules.




Exclusive Capacity & Capability

It was determined at the beginning of the previous program to use
universities and state agencies to perform the work because these
organizations had already performed research in the particular areas,
had basic staffs and departments capable of performing the research,
and were designated by the state executives. The experience of these
organizations has been further enhanced by the work they have conducted

for DOE during the past seven years.

RECOMMENDED:

R idrd

R. E. Wood, Director
Energy and Technology Division

CONCUR;,
%ZL
JUN MM gpn
=

George %ﬁ/aingerson
Office of the Chief Counsel

S G- Do /55y

J. F. Marmo, Director
Contracts Management Division

APPROVED:

ﬂ\’o “li%aﬂa 2/7 /94.

Date
Troy £. Wade, Manager

Idaho Operations Office



STATEMENT OF WORK
IDAHO DEPARTMENT OF WATER RESOURCES

The purpose of these Geothermal Energy Investigations will be accomplished
by performing the following tasks:

Task 1. Sample, log, and perform chemical analyses for geothermal springs
and approximately 25 wells which have been drilled in southern
Idaho during the past two years. A report will be prepared
which will contain a listing of the chemical analyses, estimates
of reservoir temperatures, and where possible, temperature profiles.

Task 2. Characterize the geothermal reservoir in the Twin Falls area.
Specific objectives will be to determine the volume, Tongevity,
and effect of present development on the resource. A report will
be prepared describing the findings of this study.

Task 3. Monitor and characterize the Boise geothermal resource. A monitor-
ing system of pressure transducers would be installed on the non-
producing wells, the data stored on tape, and interpreted using a
computer. At the end of one year a report will be prepared detailing
the results of this task.

Task 4. Provide the overall project management and complete and report on
tasks in a timely manner. Management reports shall be provided
as defined by the attached DOE Form ETA 459A, Reporting Require-
ments Checklist. The required reports are also summarized as
follows:

1. Form DOE 538 Notice Due 30 days after award of grant.
of Energy R&D

2. Quarterly Manage- Due 15 days after calendar quarter end.
ment Summary Report

3. Quarterly Project Due 15 days after calendar quarter end.
Status Report

4. Three Topical Due prior to or accompanying final
Reports - One each report in both draft and in final form
for Tasks 1, 2, and and including one camera-ready copy.

3
5. Final Report (Draft) Due 45 days prior to completion date.
6. Final Report Due on completion date.

7. Financial Status Due on completion date.
Report, OMB Form 269




The deliverables resulting from the tasks outlined above which will be
delivered to DOE are summarized as follows:

1.

One camera-ready plus 16 additional
Task 1, above, to be distributed as
Form EIA 459A

One camera-ready plus 16 additional
Task 2, above, to be distributed as
Form EIA 459A,

One camera-ready plus 16 additional
Task 3, above, to be distributed as
Form EIA 459A.

One camera-ready plus 16 additional

copies of the topical report for
specified in the attached DOE

copies of the topical report for
specified in the attached DOE

copies of the topical report for
specified in the attached DOE

copies of the Final Report to

be distributed as specified in the attached DOE Form EIA 459A.

Other reports previously described under Task 4, above, will also be
prepared and issued in the amounts and at the frequency shown.




U.S DEPARTMENT OF ENERDY
IDAHD OPERATIONS OFFICE

REPORT DISTRIBUTION LIST

Addressees

Number of Report Copies

e

U. S. Department of Energy
Idaho Operations Office
550 Second Street

Idaho Falls, ID 83401

Attn: R. Eldon Bray, Program Mgr.
Energy & Technology Division

Attn: Elizabeth M. Hyster
Contracts Management Div.

Attn: E. G. Jones, Director
Finarcial Menzgement Div.

U. S. Department of Energy

Forrestal Bldg., CE-324

1000 Independence Ave, S.K.

Washington, DC 20585
Attn: Ron Toms

Uriversity of Utah Research lnstituts
Lerth Science Laboretory
391 Chipeta Way, Suite C
Selt Lake City, UT 8&410¢€
Attn: Duncan Foley

U. S. Department of Energy
Technical Information Center
P. 0. Box 62

Oak Ridge, TN 37830

81 8
11
6] 6
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US CEFARTMENT OF ENERGY
FEDERAL ASSISTANCE REPORTING CHECKLIST

FORNV APPROVED

FORM {14 8694
OME ML IRK 00T

Aty d
1. ldentification Numbe:: 2. Piogram./Project Tnle:  Geothermal
DE-FGD7
3. Recipient:
4 R | irer :
eponting Requirements Frequency No. of Copies Addressees

PROGRAM/PROJECT MANAGEMENT REPORTING

Federal Assistance Milesione Plan

Federa! Assistance Budge: information Form

HEEOO

Federal Assistance Managemen: Summary Report Q
Federal Ascistance Program/Project Stzius Repon Q
Financia! Status Report, OMB Form 269 F

TECHNICAL INFORMATION REPORTING
Nouce of Energy RD&D
Techniza' Progress Repon

Topicat Report

=JEIOE]

Final Technica! Report

FREQUENCY CODES AND DUE DATES:

A - As Necessary; within 5 calendar days atter evems.

F-Fna; Ubon completion date

- Quarterly: within] 5 days aher end of calendar quaner or portion thereo!.

- One ume afie: project stants wrnur 30 days ahier award

- Required wih propess’s 07 with the apohiceton or witt s'z0ificant planning changes
- Yearly, 30 days ahe’ the enc o' program year. (Financial Status Repons 90 days’

- Semiannually; within 30 days after enc of prog-am fiscal ha'f year.

[ e o Sele)

5. Special Instructions:

€. Prepared by: {Signature and Date) 7. Reviewed by: {Signature and Date!
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S DEPARTMENT 2F “MTRGY

DOE F 4220.2 (6-80) (Formerly PR-~415)

SMALL BUSINESS/LABOR SURPLUS SET-ASIDE REVIEW

. NO.

ITEM TITLE/DESCRIPT‘I?
5‘.7‘47‘6 ﬁé /- 7.
ﬂﬁ’/ﬂf//’)"ﬂyeﬂ s% /Vdﬁf" fesowmrces
¥ 84 Gron? — GeofFermal

SMALL BUSINESS SIZE STANDARD
RECOMMENDED BY S.B. SPECIALIST
EMPLOYEES NUMBER

DOLLAR §
SIC CODE:

PROGRAM OFFICE: 5&77 ﬁd?‘&ﬂﬂfefl/dﬁéﬂ

PROCURING

ACTIVITY: Castone s /}/;,,71- ﬂ/g

7 gy

SB/LS PARTICIPATION WAS CONSIDERED IN THE PREPARATION OF
THIS PROCUREMENT ITEM AND FOLLOWING IS RECOMMENDED:
0 Smail Business Set-Aside % $

0O Labor Surplus Set-Aside % $
{0 SBA Section 8{(a} Procurement
XSet—Aside Action Not Recommended

NAME AND LOCATION OF PROPOSED

SOURCE: (if Sole Source)
{J Smal! Business O Minority
J Labor Surplus Firm a Other

SET-ASIDE NOT FEASIBLE BECAUSE:

CINo Reasonable Expectation of Receiving Sufficient Offers
from SB/LS Firms to Assure Award"”

L'.]Program“ Objectives Dictate Broadest Possible Solicitation to
Obtain ''Best Available' Expertise*

O Solicitation if for 'Best Idea/Approach’ R&D Effort

O Continuing and Directly Related R&D Effort. Competitive
Procurement Not Feasible for Economic and/or Technical
Reasons

OProcurement is for Completion or Within-Scope Expansion
of Current Contract

O This is for Extension of Current Services to Allow Preparation/
Award of Competitive Follow on Procurement

O Sole Source as Determined Under Current DOE Policy Directives

O Funding of Unsolicited Proposal Under Current DQE Policy
Directives

ﬂ)ther'

EXPLANATION/ADDITIONAL COMMENT:

< W/&V»?A/E/ f/g//v/” ajion £ y
(07/’2‘4' y 84+ /'.575/6 @w;‘
éca/%pmd/ 45%;4/? v I ,,/54/?
ﬁ:k,/r’f'/y/ /?/7//24/?‘0/7 i TS
/&f//’ﬁ <7 g S/5 s

SMALL BUSINESS SPECIALIST

CONSULTED (Check One) )gQres O No

SB30I8¢6
TELEPHONE

P YA

P.R. REQUESTOR 5

*Explanation Required . DATE
SMALL BUSINESS SPECIALIST'S ENDORSEMENT
O Accepts 0 Requests Reevaluation
O Request Solicitation of SB/LS Sources Attached
O Request Special SB/LS/MB Incentive Provisions (Attached)
SMALL BUSINESS SPECIALIST DATE

(O Other Comments/Attached

REEVALUATION OF RECOMMENDATIONS/FINDINGS
J Reaffirmed

REVIEWED BY SBA
O Request Solicitation of SB Sources Attached

(] Set-Aside Feasible SBA Form 70 Attached 03 Yes ONo
AUTHORIZING PROGRAM OFFICIAL DATE SBA REPRESENTATIVE DATE
PROCUREMENT OFFICER'S ACTION CONTRACT NO.(S) SB/MB/OTHER

(O SB/LB Set-Aside [3 Set-Aside Not Initiated

{3 Other Recommendations/Request Noted and Appraopriate
Action Taken

PROCUREMENT OFFICER DATE

ORIGINAL-CONTRACT FILE (FULLY EXECUTED)




1. To Awarding Office

U.S. Dapartmeant of Eneryy
i Procurement Request-Authorization

3. PR Number

Formerly PR-729A

Proviotdy =il 00 absaietay

O ves

4. Change/Correction to a PR in Process?

WMA%&(&E&LM’L’QJ__

5. If Item 4 is yes, enter PR correction Letter

2. From Initiating Office
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State of Idaho
DEPARTMENT OF WATER RESOURCES

STATE OFFICE, 450 W. State Street, Boise, Idaho

JOHN V. EVANS Mailing address:
Govemor Statehouse
Boise, Idaho 83720
A. KENNETH DUNN (208) 334-4440
Direcror

June 13, 1984

Duncan Foley

University of Utah
Research Institute
Research Park

391 Chipeta Way, Suite A
Salt Lake City, UT 84108

Dear Duncan:

Enclosed is a copy of the geothermal proposal to DOE. I have
talked to Eldon and he knows that I am sending this copy directly
to you.

If you have any questions, please contact me at (208) 334-3788,

Sincerely,

(’ /|
Legh V. Stredt

Geologist, Geothermal Program

LVS:dc
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INTRODUCTION

The state of lIdaho along with other federal agencies has been
involved 1in studying the thermal systems in Idaho for the past
ten.years. Currently the state is being funded by the Bonneville
Power Administration to consolidate and evaluate currently avail-
able information in existing records and files into a common data
base for the Pacific Northwest Region.,

This program encompasses the following tasks:

1. Characterization of Geothermal Resource Sites Capable of

Producing Electricity ( >90°C)

2., Characterization of Direct Use Geothermal Resource Sites
( <90°C)

3. Review of Federal, State, and Local Legal, Institutional

and Environmental Requirements Which Impact Resource
Developments '

\

4, Site Ranking

Because this agreement is specified to use currently avail-
able data, no further geothermal resource data can be collected
with these funds.,

The present proposal is in direct response to a verbal
request from DOE-Idaho to outline several tasks that will help to

L
define and expand the geothermal resource data "base,
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EXECUTIVE SUMMARY

This proposal is being submitted by the Idaho Department of
water Resources. The tasks are designed to further characterize
Idaho's dgeothermal resource data base. Identification of these
tasks was a result of coordination among geothermal experts from
the state, U,5, Geological Survey, Bureau of Land Management and
private industry.

The proposal consists of an introduction, four task items,
budyets, delivery mechanisms, histories, bibliographies and resu-
mes. Some of the tasks are related to one another in that infor-
mation acquired and developed in one task may be utilized by the
others. However, each task is an independent work elemeng with a
specific deliverable.

Task 1 1s a continuation of the sampling and logging of ther-
mal wells 1n Idaho. It 1s estimated that 25 geothermal wells
have been drilled in southern Idaho during the past two years,
Deliverables will include a report 1listing the chemical analyses,
estimates of reservoir temperatures and where possible, tem-
perature profiles.

Task 2 will characterize the yeothermal reservoir in the Twin
ralls area. Specific objectives will be to determine the volume,
longevity and effect of present development on the Yesource,
Deliverables will 1nclude a report describing the findings of the
study.

Task 3 will monitor and characterize the Boise geothermal

resource. Several geothermal wells would be monitored and a




report will be delivered detailing the results,

Task 4 outlines a geothermal study fund to be utilized by
senior or ygraduate students at the three state universities.
Deliverables will include final reports of the research
activities,

It 1s envisioned that all tasks would be completed in 12

months.




TASK #1 THERMAL WELL SAMPLING

Background: Most of the thermal springs and wells have been

inventoried, sampled and in some cases these results have been
interpreted and reported upon. The reports can be found in the
bibliography of this proposal,

Problem: During the past two years approximately 25 thermal
wells have been drilled, These wells need to be inventoried,
sampled and where possible, temperatures logged.

Objective: This information would be used tc update the
existing data base,

Approach: The thermal wells will be located, inventoried,
sampled, and the results analyzed. Using geothermometers, esti-

mates of reservoir tenperatures will be made.

AY
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TASK #2 TWIN rFALLS THERMAL AQUIFER CHARACTERIZATION

Background: The Twin Falls area is one of the State's

fastest yrowing areas for development of geothermal resources.

Current development in this area 1s located between Salmon Falls
Creek on the west, the city of Twin Falls on the east, and south
to the Nevada border, The resource is being used for space
heating of homes and greenhouses, and for some buildings on the
campus of the College of Southern Idaho. Other uses include
recreation and fish farming. In the last several years more than
40 wells have been drilled to provide hot water., The wells range
in depth trom several hundred feet to 2,200 feet., They produce
water ranging in temperature from near 30° to 72°C, One well
yields as much as 6,000 gallons per minute with a shut-in
pressure of about 250 ﬁsi.

To date, the U.S. Geological Survey in cooperation with the
U.S. Department of Energy (DOE IA No. DE-Al107-80ID12173) has
completed one study. Based on existing wells and springs, this
study provided valuable hydrologic and chemical information
descriptive of the geothermal resources as to: {1) the areal
aextent of the gyeothermal resource; (2) water ézmperatures and
pressures at the land surface; (3) chemical and isotopic charac-
ter of the thermal water; and (4) estimated reservoir tempera-
tures at depth determined by use of geochemical thermometers. In
addition, drilling has started on a 1,500 foot test hole in the
area south of the town of Filer.

Problem: Although the above study has resulted in a better



understanding of the yeothermal resources, definition of the
areal extent of the resource 1is limited to areas of existing
wells and springs. Conseguently, little is known about the
occurrance and extent of the resource in areas where there are no
wells. Also, the effect of current development on the resource
1s virtually unknown,

Objective: Resource assessment should be completed in order
to elucidate the complexities of this system, Specifically, the
volume, longevity and effect of present development on the
resource would be the main objectives of this proposed study.

Approach: The study approach would include the following:
{l1) inventory of any new hot water wells drilled in the area
since the previous study and (2) collection of water samples from
these new wells and selected cold springs to analyze for standard
chemical constituents plus arsenic, boron, mercury, and lithium
and the stable isotopes deuterium and oxygen-18., 1In addition,
several AMT electrical profiles would be made. One well would be
equipped with a continuocus recorder to monitor head-pressure
fluctuations., Periodically during the study, selected wells
would be visited and water level or pressure ﬁéasurements made.

A report would be prepared for publication,




TASK #3 MONITORING OF GEOTHERMAL RESOURCE IN BOQIsE

Background: Currently the city of Bolse ranks as the second

laryest geothermal space heating district in the world.
Reykjavik, Iceland is number one, The increased use of this
aquifer has caused serious concerns regarding the volume and
future development of the system,

Problem: Although pump tests have been conducted on several
of the wells, these tests have been over a short period of time
and therefore_are 1nadequate to predict the reservoir character-
1stics. Increased demands on this system could result in a water
management problen,

Objective: In order to assist with responsible development
of this resource, a study will be made that will determine the
effects of present use,®

Approach: The Water Resource Institute has funded Boise
State University $3,500 in seed money to monitor the Boise
system, This study 1s definitely a start, but a more comprehen-
sive study 1S necessary to more fully understand the aquifer,

A pressure monitoring system would be installed on the non-
producing wells, These wells would be equippé% with pressure
transducers. QOutput from the transducers would be stored on tape
and interpreted using the Department's computer, AE the end of
one year, a document would be published outlining the results of
the study. This task would be an excellent M.S. thesis project.
A graduate student and a professional familiar with the Boise
system would be able to produce a workable report for effective

resource management.




TASK #4 GEOTHERMAL STUDY FUND

Background: The study of geothermal resources 1is multi-

disciplinary and, in most cases, 1is not taught as a course,
Researching site-specific resources is an opportunity for senior
or yraduate students to apply practical methods to a field
problem.

Problem: Although most of Idaho's geothermal resources have
been studied in some detail, sites should be targeted for more
specific research.

Objective: These interpretative studies would add to the
understanding of geothermal systems;

Approach: The geology departments at the three state univer-
sities would be contacted for participation in this program,
Formal proposals would 'be accepted and monies awarded based on
the tollowing criteria: 1, geologic significance, 2. original-
ity, and 3. research method. A final report would be turned in

at the end of the nine month grant.

-~




BUDGETS
TASK #1 and TASK #2 ’
IDWR USGS

Salaries $27,000 $25,000

fFringe 6,210 -
Travel 3,000 2,250

Equipment 2,000
Vehicles 1,500
Laboratory 2,500
Geophysics 12,500

Report Publication 1,000
Overhead and

Technical Support 38,250

TOTAL $36,210 $85,000

42,500 -
. 78,710 $42,500 IDWR
Indirect (.294) 23,141 $42,500 USGS
S101,851
Tasks #1 and #2 have been approved for co-funding by the U.S.

Geological survey., Therefore, monies allocated to IDWR by

U.S.DOE for these two tasks will be equally matched by the USGS
based on a cooperative agreement between the two agencies.

TASK #3 — Subcontracted to state university

Salaries
Graduate Students $ 6,000 _
Professional Hydro- 2,000-ﬂqiw« umwmﬁ?
logic Advisor
Equipment (central 2,500

receiver, probes,
wiring, etc.)

Travel 750
Publication and misc, 1,000 Time: 1 year
$12,500

“
o~
o

TASK #4 - Grants to state universities
Grants $5,000 ~

Contract management costs for Task #3 and #4 are included in the
1 FTE salary.

Ly Hlm Lah?

TOTAL BUDGETS

Task #1 and #2 $101,851
Task #3 12,500
Task #4 5,000

$119,351



THE HISTORY OF THE

IDAHO STATE GEOTHERMAL PROGRAMS

Commercialization

one of the major highlights of the Idaho program was the
realization of the Capitol Mall project. Staff members were
involved in the early stages by providing the economics of the
system to the governor. Geologists from the resource assessment
team sited the successful wells, While the first well was being
drilled, a staff geologist monitored the drilling and logged the
cuttings. Both teams were instrumental in making this project a
reality.,

Another accomplishd task was the successful completion of 13
site specific studies.\ These studies examined in greater detail
the factors which inflﬁence the prospects for geothermal develop-
ment. Each site specific development plan defined the potential
amount of usable geothermal energy available, and described
actions neded to fulfill that potential.

Resource Assessment

The resource assessment team has mapped‘aqd sampled most of
the thermal springs and wells in Idaho. Results of these studies
have been published, and a state geothermal map haq_been com=
piled. Other than the involvement, as noted above, in the

Capitol Mall project, the resource assessment group has done much

to define Idaho's gyeothermal resources.
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RESOURCE ASSESSMENT
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Delivery Mechanisms

Monthly and quarterly reports will be supplied by the contractor
to the U.S. DOE, These reports, along with the final, will be
distributed as outlined in the attached Idaho Operations Office

Report Distribution List,

~




U.S. DEPARTMENT OF ENERGY |
FEDERAL ASSISTANCE REPORTING CHECKLIST

FORM £is 4034 OAM APPROVED
o0 OMB NO 15000137
1. ldentification Number: 2. Program/Project Title:  Geothermal
DE-FGO?7
3. Recipient:

4. Reporting Requirements:

Frequency No. of Copies

Addressees

PROGRAM.PROJECT MANAGEMENT REPORTING

Federal Assistance Milestone Plan
Federal Assistance Budget information Form
Federal Assistance Management Summary Repornt

Federal Assistance Pyogram/Project Status Report

EEEDOD

Financial Status Repoart, OMB Form 269

TECHNICAL INFORMATION REPORTING

]

Notice of Energy RD&0D

D Technical Progress Repan

m Topical Report
Final Technica! Report

FREQUENCY CODES AND DUE DATES:

Y

A - As Necessary; within 5 calendar days atter events.

O - One time after project starts; within 30 days after award.

F - Final; 90 calendar days afier the performance of the effort ends.
0 - Quanterly; within 30 days atier and of calendar quaner or portion theteof.

X - Required with proposals ar with the epplication or with significant planning changes.
Y - Yearly; 30 days afier the end of program year. (Financial Status Reports 90 days).
S - Semiannually; within 30 days afier end of program fiscal hatf year,

5. Special Instructions:

.
&)

6. Prepared by: (Signature and Date}

7. Reviewed by: {Signature and Date)




U.S. DEPARTMENT OF ENERGY
IDAMO OPERATIONS OFFICE

REPORT DISTRIBUTION LIST

Adgressees

Numbe’ of Report Copies

U. S. Department of Energy
ldzho Operations Office
550 Second Street

Idaho Falls, ID £€340]

Attn: R. Eldon Bray, Program Mgr.
Energy & Technology Division

Attn: Elizabeth M. Hyster
Contracts Management Div.

Attn: E. G. Jones, Director
Financial Management Div.

U. S. Department of Energy

Forrestal Bldg., CE-324

1000 Independence Ave, S.W.

washington, DC 20585
Attri: Ron Toms

¢

University of Utah Research Institutd
Eerth Science lLaboratory
261 Chipeta Way, Suite C
Szt Lake City, UT 8410¢
Attn: Duncan Foley

U. $. Department of Energy
Technical Information Center
P. 0. Box 62

Ozk Ridge, TH 37830

Specisl Instructions
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Leah V. Street
97 Rainier Lane
Boise, Idaho 83702
(208) 334-3788

EDUCATION
Academicé

B.S¢c., Geology, Boise State University, 1975

M. Sec., Geology, Western Washington University, 1980
Specialized in the analytical and interpretive geochemistry of
blueschist/greenschist, pelitic schist and iron. Thesis provided
evidence for ophiolite affinity of formationm.,

Professional:

0 State-Federal Geothetmal Conference, Seattle, Washington, January, 1981.
Sponsor - WSEO.

0 Technical Training Course No. 7, Introduction to Geothermal Log
Interpretation, Reno, Nevada, April, 1981, Sponsor - GRC.

0 Short Course, Geothermal Potential of the Cascade Mountain Range,
Portland, Oregon, May, 1981, Sponsor - GRC,WSEO,ODOE.

0 Technical Assistance Training Session in Ceothermal Direct-Use
Applications, Klamath Falls, Oregon, June, 198l. Sponsor - OIT
Geo-Heat Center.

0 Current Geothermal Legislation, Seattle.IWashington. August, 1981,
Sponsor - WSEOQ,USDOE.

0 Workshop on Siting, Planning, Drilling, and Completion of Low to

Moderate Temperature Geothermal Production and Observation Wells,
Reno, Nevada, February, 1983. Sponsor -GRC.

PROFESSIONAL ACTIVITIES

.
~
AR ]

Member, Geothermal Resources Council
Chairperson, Exploration Subcommittee for 1983 Annual Meeting

Member, American Institute of Professional Geologists

Testimony before the Subcommittee on Public Lands and Reserved Water of the
Energy and Natural Rescurces Committee, United States Senate on S. 1516
the "Geothermal Steam Act of 1981", December 12, 1981.

Served on reglonal geothermal task force that provided techaical information
to the Northwest Power Planning Council, ' .

Guest Lecturer at Geothermal Resources Development Field Course, September,
1982, Sponsor - ODOE.



PROFESSIONAL EXPERIENCE

Geologist, Geothermal Program: Idaho Department of Water Resources, Bureau
of Energy, Statehouse, Boise, Idaho 83720

Currently manage the Bureau's geothermal resource program which encompasses -
the geologic and regulatory aspects of geothermal resources. Collaborate with
representatives of govermment, industry, and the general public regarding state
and federal leasing and permitting regulations governing exploration and
development. Advise resource owners and prospective resource owners concerning
all aspects of geothermal development. Promote geothermal energy by making
presentations to the news wmedia, and civic and private organizations. Wrote
Idaho's portion of regional BPA and DOE proposals. Mounitored techauical comtract.
related to mineral resocurces.,

(November 3, 1980 to Present)

Geologist: Bureau of Land Management, Route #3, Box 1, Burley, Idaho 83318

Had lead responsibility conducting a building stone inventory in the Burley
BLM District which covers three counties in southern Idaho. Job required a
working knowledge of state and federal mining laws, acquisition of mining
properties under state and federal laws, research of mining claims at the
county courthouses as well as BLM ownership records, including the new Automated
Land and Mineral Record System, interviewing of quarriers aand claim owmers,
estimating reserves of building stone, field investigation of the quarries as
well as compiling this information into a writtem report and mining claim map.
Advised claimants on eaviroamental permits and the development’ of reclamation
plans. Inspected gravel pits for compliance and wrote technical reports for
Free-Use Permits and. the land withdrawal review program.

(May 21, 1980 -~ August 15, 1980)

Biological Technician (Soils): A.R.S.U.S.D.A., 1175 Orchard, Suite 116, Patti
Plaza, Boise, Idaho 83705

In charga of water quality lab and the field sampling for bacterial analyses. )
Used the standard method for coliform concentrations. Conducted field analyses
for D.0. and pH, and deteruined suspended and bedload quantities in the lab.
Helped to prepare reports and papers for publication. Duridg the summer of

1976, supervised two field technicians as well as trained one of them to conduct
the laboratory analyses.

(November 11, 1974 - August 12, 1976)

Teaching Assistant: Boise State University, Boise, Idaho 83725

Taught the lab portion of Physical Geology . Prepared lab lectures and tests
and led the class on a field trip, ‘ '

(Fall semester, 1975)




Research Asgistant: Boise State University, Boise, Idaho 83725
Collected groundwater samples and analyzed them for coliform concentrations
using standard methods. Drafted a map correlating septic tank failures to
groundwater levels and wrote a report that discussed the results.

(May 1, 1974 - September 30, 1974)

PUBLICATIONS:

Babcock, R.S., J. Cruver, B. Christensen and L. Street, 1980,
Geochemistry of Pre-Tertiary Mafic Volcanic Rocks in the Western
Part of the North Cascades Range, paper presented by R.S. Babcock
PNAGU Regional Meeting.

Eastlake, W.B. and L. Street-Martin, 1980, Challis, Idaho Site Specific
Development Analyails: Idaho Office of Energy Publication.

Bastlake, W.B. and L. Street-Martin, 1980, Salmon, Idaho Site Specific
Development Analysis: Idaho Office of Energy Publication.

Eastlake, W.B. and L. Street-Martin, 1980, Preston, Idaho Site Specific
Development Analysis: Idaho Office of Energy Publication.

Stephenson, G.R. and L.V. Street, 1978, Bacterial Variations in Streams
from a Southwest Idaho Rangeland Watershed, Jour. of Eunviron. Qual.,
VOl. 7. no. l. PP. 150"1570 -

Stephenson, G.R, and L.V. Street, 1978, Water Quality Inventory of Rangelan:
Watersheds in Southwest Idaho, A 3 = Year Summary Interim Report on
Water Quality, A.R.S. - B.L.M. Cooperative Studies, A.R.S.U.S.D.A.,
Boise, ldaho.

Stephenson, G.R. and L.V. Street, 1976, Quality of runoff from neonpoint
sources on a southwest Idaho rangeland watershed, Abstract, Pres.
at the 43rd Annual Meeting of the Northwest Pollution Control
Administration, Seattle, Washington, Octobery

REFERENCES: .
Terry S. Maley Bob Lewis
BLM State Office USGS
3380 Americana Terrace Federal Building
Boise, Idaho 83706 Boise, Idaho 83702
208-334-1447 208-334-1566
Gordon Stephenson
A.R.S.U.S.D.A.
1175 Orchard
Suite 116

Pacti Plaza
Boise, Idaho 83705
208-334-1434




