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P o ' ̂  

SPECIES 

SI02 

TI02 
IR02 
AL203 
CR203 
FE203 
FEO 
HNO 
NIO 
nso 
CAO 

\ SRO 
BAO 
NA20 
K20 

\ P205 
: H20t 
H20-

; S03 
' S 
CL 
F 
C02 

^TOTAL 
-0=F,CL 
-H2Q 

INPUT / CATIOU 
HT POT 

70.70 

0.53 
0.00 
13.00 
0.00 
0.00 
3.B2 
0.08 
0.00 
0.321 
I.61I 
0.00 
0.00 
3.18 
5.27 
0.08 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
98.59 
98.59 
98.59 

UT 
AH/PL 1 
EN/HY 1 

PCNT 

67.43 

0.38 
0.00 
14.61 
0.00 
0.00 
3.05 
0.06 
0.00 
0.46 
1.65 
0.00 

1 0.00 
5.88 
6.41 

' 0.07 

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 
0.00 
0.00 
-0.01 
0.00 

PCT BOLPCT 
7.31 16.48 
1.34 14.39 

IMPI/T 
HOLPCT 

77.35 

0.44 
0.00 
8.45 
0.00 
0.00 
3.52 
0.07 
0.00 
0.53 
1.90 
0.00 
0.00 
3.40 
3.71 
0.04 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

FA/QL 

mm 

DRY OX 
«OLPCT 

77.98 

0.44 

8.45 

0.00 
3.52 
0.07 

0.53 
1.90 
0.00 

3.40 
3.71 

HT PCT 
0.00 
83.91 

HETOX 
HOLPCT 

77.98 

0.44 

8.45 

0.00 
3.52 
0.07 

0.53 
1.90 
0.00 

3.40 
3.71 

0.00 

1 

1 

HOLPCT 
0.00 

HIN-
ERAL 

0 
C 
2 
OR 
PL 

i (AB) 
1 (AN) 
LC 
NE 
KP 
HL 
TH 
AC 

1 NS 
1 KS 

uo 
SI 
(HO) 
(EN) 
(FS) 
HY 
(EN) 
(FS) 

HOLE 
PCNT 

24.67 
0.00 
0.00 

32.06 
35.21 
29.41 
5.80 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.49 
0.74 
0.11 
0.64 
5.64 
0.81 
4.83 

. r ^ . — . - • - " • '-'-• 

(HA+K)/AL 
86.14 (F£t|QI)/(FEtHNtH6) 

UEISHT 
PCNT 

25.86 
0.00 
0.00 

31.14 
32.54 
26.91 
5.63 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.58 
0.75 
0.09 
0.73 
6.27 
0.71 
5.56 

HTPCT 
97.87 
93.96 

MIN­
ERAL 

OL 
(FO) 
(FA) 
CS 
HT 
CH 
IL 
HH 
TN 
PF 
RU 
AP 
FR 
PY 
CC 

SALIC 
FEMIC 

TOTAL 

HOLPCT 
84.12 
87.13 

HOLE 
PCNT 

0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.75 
0.00 
0.00 
0.00 
0.00 
0.18 
0.00 
0.00 
0.00 

91.94 
8.06 

100.00 

HEIGHT 
PCNT 

0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
1.00 
0.00 
0.00 
0.00 
0.00 
0.20 
0.00 
0.00 
0.00 

89.55 
9.04 

98.59 

TERNARY DIASRAHS 
"••-.,;-.««»U.-;.. 

HT PCT 

B 30.82 
AB 32.07 
OR 37.11 

; e 61.54 
1 NE 17.37 
I KP 21.09 
' 
) 
1 AN 8.8S 
' AB 42.25 
i OR 48.90 
i 
' A 67.10 
; F 30.33 

H 2.56 

) 

f 

HOLPC 

66.74 
15.91 
17.35 

80.03 
9.56 
10.42 

8.63 
43.71 
47.66 

63.68 
31.57 
4.76 

HT PCT HOLPCT ) 
NA20/(NA20tK20) 37.63 47.84 j 
FE0/(FE0+FE203) 100.00 100.00 ] 



SPECIES 

i 
SI02 

TI02 
ZR02 
AL203 
CR203 
FE203 
FEO 
HNO 
NIO 
HGQ 
CAO 
SRO 
BAO 
HA20 
K20 
P205 
H20+ 
H20-
503 
S 
CL 
F 
C02 

TOTAL 
-0=F,CL 
-H2Q 

IDENTIFICATION READS... 

INPUT 
HT PCT 

70.70 

0.53 
0.00 

13.00 
0.00 
0.00 
3.82 
0.08 
0.00 
0.32 
1.61 
0.00 
0.00 
3.18 
5.27 
0.08 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

98.59 
98.59 
98.53 

CATION 
PCNT 

67.43 

0.38 
0.00 

14.61 
0.00 
0.00 
3.05 
0.06 
0.00 
0.46 
1.65 
0.00 
0.00 
5.88 
6.41 
0.07 

0.00 

0.00 

COHP 
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 
-O.Ol 
0.00 

HTPCT HOLPCT 
AN/PL 17.31 16.48 
EN/HY 11.34 14.39 

IDAHO 29 

INPUT 
HOLPCT 

77.95 

0.44 
0.00 
8.45 
0.00 
0.00 
3.52 
0.07 
0.00 
0.53 
1.30 
0.00 
0.00 
3.40 
3.71 
0.04 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

FA/OL 
DIFNDX 

RED TOP VITRO 

DRY OX 
HOLPCT 

77.98 

0.44 

8.45 

0.00 
3.52 
0.07 

0.53 
1.90 
0.00 

3.40 
3.71 

HT PCT 
0.00 
83.91 

HET OX 
HOLPCT 

77.98 

0.44 

8.45 

0.00 
3.52 
0.07 

0.53 
1.90 
0.00 

3.40 
3.71 

0.00 

HOLPCT 
0.00 

86.14 

HIH-
ERAL 

Q 
C 
Z 
OR 
PL 
(AB) 
(AN) 
LC 
NE 
KP 
HL 
TH 
AC 
NS 
KS 
UO 
DI 
(UO) 
(EN) 
(FS) 
HY 
(EN) 
(FS) 

HOLE 
PCNT 

24.67 

0.00 

0.00 
32.06 
35.21 
29.41 
5.80 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.49 
0.74 
0.11 
0.64 
5.64 
0.81 
4.83 

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

HEIGHT 
PCNT 

25.86 

0.00 

0.00 
31.14 
32.54 
26.91 
5.63 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.58 
0.75 
0.09 
0.73 
6.27 
0.71 
5.56 

HTPCT 
97.87 
93.96 

HIN-
ERAL 

OL 
(FO) 

(FA) 
CS 
HT 
CH 
IL 
HH 
TN 
PF 
RU 
AP 
FR 
PY 
CC 

SALIC 
FEHIC 

TOTAL 

HOLPCT 
84.12 
87.13 

HOLE 
PCNT 

0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.75 
0.00 
0.00 
0.00 
0.00 
0.18 
0.00 
0.00 
0.00 

91.94 
8.06 

100.00 

HEIGHT 
PCNT 

0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
1.00 
0.00 
0.00 
0.00 
0.00 
0.20 
0.00 
0.00 
0.00 

89.55 
9.04 

98.59 

NA20/(NA20tK20) 
FE0/(FE0+FE203) 

TERNARY DIAGRAHS 

0 
AB 
OR 

Q 
NE 
KP 

AN 
AB 
OR 

A 
F 
H 

HT PCT 

30.82 
32.07 
37.11 

61.54 
17.37 
21.09 

8.85 
42.25 
48.90 

67.10 
30.33 
2.56 

HOLPCT 

66.74 
15.91 
17.35 

80.03 
9.56 
10.42 

8.63 
43.71 
47.66 

63.68 
31.57 
4.76 

HT PCT HOLPCT 
37.63 47.84 
100.00 100.00 



IDENTIFICATION READS...IDAHO 30 R T BAKED ASH 

SPECIES INPUT CATION 
UT PCT PCNT 

3102 E6.S0 66.09 
TI02 0.63 0.47 
ZR02 0.00 0.00 
AL203 14.87 17.34 
CR203 0.00 0.00 
FE203 0.00 0.00 
FEO 4.37 3.62 
HNO 0.10 0.08 
NIO 0.00 0.00 
H60 0.97 1.43 
CAO 1.87 1.98 
SRO 0.00 0.00 
BAO 0.00 0.00 
NA20 2.11 4.05 
K20 3.88 4.90 
P205 0.06 0.05 
m* 0.00 
H20- 0.00 
S03 0.00 0.00 
S 0.00 
CL 0.00 
F 0.00 
C02 0.00 0.00 

TOTAL 95.66 
-0=F,CL 95.66 
-H20 95.66 

COHP INPUT DRY OX HET OX 
ERROR HOLPCT HOLPCT HOLPCT 

0.00 76.11 76.13 76.13 
0.00 0.54 0.54 0.54 
0.00 0.00 
0.00 9.98 9.99 9.99 
0.00 0.00 
0.00 0.00 0.00 0.00 
0.00 4.16 4.17 4.17 

0.09 0.09 0.09 
0.00 

0.00 1.65 1.65 1.65 
0.00 2.28 2.28 2.28 

0.00 0.00 0.00 
0.00 

0.00 2.33 2.33 2.33 
0.00 2.82 2.82 2.82 
0.00 0.03 

0.00 0.00 

0.00 0.00 
0.00 0.00 
0.00 0.00 

-0.01 0.00 
0.00 0.00 

HIN-
ERAL 

Q 
C 
Z 
OR 
PL 
(AB) 
(AN) 
LC 
NE 
KP 
HL 
TH 
AC 
NS 
KS 
UO 
DI 
(UO) 
(EN) 
(FS) 
HY 
(EN) 
(FS) 

HOLE 
PCNT 

30.80 
4.60 
0.00 

24.48 
29.72 
20.24 
9.49 
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 
9.31 
2.86 
6.45 

HEIGHT 
PCKT 

31.13 
3.95 
O.CO 

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 
2.41 
7.16 

HIN-
ERAL 

OL 
(FO) 
(FA) 
CS 
HT 
CH 
IL 
HH 
TN 
PF 
RU 
AP 
FR 
PY 
CC 

SALIC 
FEHIC 

TOTAL 

HOLE 
PCNT 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.94 
0.00 
0.00 
0.00 
0.00 
0.14 
0.00 
0.00 
0.00 

89.61 
10.39 

100.00 

HEIGHT 
PCNT 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.20 
0.00 
0.00 
0.00 
0.00 
0.14 
0.00 
0.00 
0.00 

84.74 
10.92 

95.66 

TERNARY DIAGRAHS 

Q 
AB 
OR 

Q 
NE 
KP 

AN 
AB 
OR 

A 
F 
H 

UT PCT 

43.29 
24.83 
31.88 

68.43 
13.45 
18.12 

17.88 
35.95 
46.17 

52.87 
38.57 
8.55 

HOLPCl 

77.50 
10.18 
12.32 

64.48 
7.02 
8.50 

17.50 
37.33 
45.17 

46.99 
37.99 
15.02 

UT PCT 
AN/PL 33.21 
EN/HY 25.21 

HOLPCT 
31.91 
30.59 

UT PCT 
FA/OL 0.00 
DIFNDX 71.92 

HOLPCT 
0.00 
75.53 

HTPCT 
(NA+K)/AL 60.32 

(FE+HN)/(FE+nN+HG) 85.59 

HOLPCT 
51.58 
72.12 

UT PCT 
NA20/(NA20+K20) 35.23 
FE0/(FE0tFE203) 100.00 

HOLPCT 
45.25 
100.00 



IDENTIFICATION READS...IDAHO 31 R T UELOED ASH 

SPECIES 

SI02 
TI02 
ZR02 
AL203 
CR203 
FE203 
FEO 
HNO 
NIO 
H60 
CAO 
SRO 
BAO 
NA20 
K20 
P205 
H20+ 
H20-
S03 
S 
CL 
F 
C02 

TATAL 
-0=F,CL 
-H20 

INPUT 
HT PCT 

73.05 
0.49 
0.00 
12.24 
0.00 
0.00 
3.56 
0.07 
0.00 
0.29 
1.19 
0.00 
0.00 
3.32 
2.91 
0.08 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
97.20 
97.20 
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 

COHP 
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 

HT PCT HOLPCT 
AN/PL 16.03 15.25 
EN/HY 11.08 14.07 

INPUT 
HOLPCT 

80.73 
0.41 
0.00 
7.97 
0.00 
0.00 
3.29 
0.06 
0.00 
0.48 
1.41 
0.00 
0.00 
3.56 
2.05 
0.04 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

FA/OL 
DIFNDX 

DRY OX 
HOLPCT 

80.76 
0.41 

7.97 

0.00 
3.29 
0.06 

0.48 
1.41 
0.00 

3.56 
2.05 

HT PCT 
0.00 
82.47 

HETOX 
HOLPCT 

80.76 
0.41 

7.97 

0.00 
3.29 
0.06 

0.48 
1.41 
0.00 

3.56 
2.05 

0.00 

HOLPCT 
0.00 
85.53 

HIN-
ERAL 

Q 
C 
Z 
OR 
PL 
(AB) 
(AN) 
LC 
NE 
KP 
HL 
TH 
AC 
NS 
KS 
HO 
01 
(HO) 
(EN) 
(FS) 
HY 
(EN) 
(FS) 

HOLE 
PCNT 

36.16 
1.91 
0.00 
18.05 
36.94 
31.31 
5.63 
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 
6.04 
0.85 
5.19 

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

HEIGHT 
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 
6.59 
0.73 
5.86 

HT PCT 
75.31 
94.10 

HIN-
ERAL 

OL 
(FO) 
(FA) 
CS 
HT 
CH 
IL 
HH 
TN 
PF 
RU 
AP 
FR 
PY 
CC 

SALIC 
FEHIC 

TOTAL 

HOLPCT 
70.35 
87.42 

HOLE 
PCNT 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.72 
0.00 
0.00 
0.00 
0.00 
0.18 
0.00 
0.00 
0.00 

93.06 
6.94 

100.00 

HEIGHT 
PCNT 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.93 
0.00 
0.00 
0.00 
0.00 
0.20 
0.00 
0.00 
0.00 

89.49 
7.71 

97.20 

NA20/(NA20+K20) 
FE0/(FE0+FE203) 

TERNARY DIAGRAHS 

Q 
AB 
OR 

Q 
NE 
KP 

AN 
AB 
OR 

A 
F 
H 

UT PCT 

45.08 
34.07 
20.85 

69.70 
18.45 
11.85 

10.59 
55.46 
33.95 

61.79 
35.31 
2.91 

HOLPC 

78.56 
13.60 
7.84 

84.99 
9.52 
5.49 

10.24 
56.93 
32.83 

59.78 
35.07 
5.14 

HT PCT HOLPCT 
53.29 63.42 
100.00 100.00 



IDENTIFICATION READS...IDAHO 32 H 2 

SPECIES INPUT CATION 
HT PCT PCNT 

SI02 68.80 67.15 
TI02 0.56 0.41 
ZR02 0.00 0.00 
AL203 12.63 14.53 
CR203 0.00 0.00 
FE203 0.00 0.00 
FEO 4.26 3.48 
HNO 0.08 0.07 
NIO 0.00 0.00 
HGO 0.39 0.56 
CAO 1.87 1.96 
SRO 0.00 0.00 
BAO 0.00 0.00 
NA20 2.96 5.60 
K20 4.95 6.16 
P205 0.10 0.09 
H20+ 0.00 
H20- 0.00 
S03 0.00 0.00 
S 0.00 
CL 0.00 
F 0.00 
C02 0.00 0.00 

TOTAL 95.60 
-0=F,CL 95.50 
-H20 95.50 

COHP INPUT DRY OX HET OX 
ERROR HOLPCT HOLPCT HOLPCT 

0.00 77.35 77.33 77.33 
0.00 0.47 0.47 0.47 
0.00 0.00 
0.00 8.37 8.37 8.37 
0.00 0.00 
0.00 0.00 0.00 0.00 
0.00 4.01 4.01 4.01 

0.08 0.08 0.08 
0.00 

0.00 0.65 0.65 0.65 
0.00 2.25 2.25 2.25 

0.00 0.00 0.00 
0.00 

0.00 3.23 3.23 3.23 
0.00 3.55 3.55 3.55 
0.00 0.05 

0.00 0.00 

0.00 
0.00 
0.00 
•0.01 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

HIN-
ERAL 

Q 
C 

z 
OR 
PL 
(AB) 
(AN) 
LC 
NE 
KP 
HL 
TH 
AC 
NS 
KS 
UO 
DI 
(UO) 
(EN) 
(FS) 
HY 
(EN) 
(FS) 

HOLE 
PCNT 

24.36 
0.00 
0.00 

30.82 
34.92 
28.01 
6.91 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.71 
0.86 
0.13 
0.73 
6.54 
0.99 
5.55 

HEIGHT 
PCNT 

25.57 
0.00 
0.00 

23.25 
31.50 
25.05 
6.56 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.78 
0.85 
O.II 
0.82 
7.09 
0.85 
5.24 

HIN-
ERAL 

OL 
(FO) 
(FA) 
CS 
HT 
CH 
IL 
HH 
TN 
PF 
RU 
AP 
FR 
PY 
CC 

SALIC 
FEHIC 

TOTAL 

HOLE 
PCNT 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.81 
0.00 
0.00 
0.00 
0.00 
0.23 
0.00 
0.00 
0.00 

90.70 
9.30 

100.00 

HEIGHT 
PCNT 

0,00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.05 
0.00 
0.00 
0.00 
0.00 
0.25 
0.00 
0.00 
0.00 

86.43 
10.17 

96.50 

TERNARY DIAGRAHS 

B 
AB 
OR 

B 
NE 
KP 

AN 
AB 
OR 

A 
F 
H 

HT PCT 

32.02 
31.36 
35.62 

62.20 
16.99 
20.81 

10.78 
41.16 
48.07 

53.00 
33.33 
3.07 

HQLPC^ 

67.97 
15.25 
15.78 

80.48 
9.30 
10.23 

10.51 
42.51 
46.88 

59.29 
35.05 
5.65 

AN/PL 
EN/HY 

HTPCT 
20.75 
11.99 

HOLPCT 
19.79 
15.18 

FA/OL 
DIFNDX 

HTPCT 
0.00 
73.87 

HOLPCT 
0.00 
83.73 

(NA+K)/AL 
(FE+HN)/(FE+MN+HQ) 

HT PCT 
94.32 
92.55 

HOLPCT 
80.37 
86.32 

NA20/(NA2QtK2Q) 
FE0/(FED+FE203) 

HT PCT 
37.42 
100.00 

HOLPCT 
47.51 
100.00 



IDENTIFICATION READS...IDAHO 34 ASH BETUEEH TRIPLE UNIT 2 

SPECIES 

SI02 
TI02 
ZR02 
AL203 
CR203 
FE203 
FEO 
HNO 
NIO 
HGO 
CAO 
SRO 
BAO 
NA20 
K20 
P205 
H20+ 
H20-
S03 
S 
CL 
F 
C02 

TOTAL 
-0=F,CL 
-H20 

INPUT 
HT PCT 

72.30 
0.51 
0.00 
11.33 
0.00 
0.00 
2.88 
0.05 
0.00 
0.42 
1.28 
0.00 
0.00 
2.33 
4.79 
0.03 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

95.98 
95.98 
95.98 

CATION 
PCNT 

71.44 
0.38 
0.00 
13.27 
0.00 
0.00 
2.38 
0.04 
0.00 
0.62 
1.36 
0.00 
0.00 
4.46 
6.04 
0.03 

0.00 

0.00 

COHP 
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 
0.00 
0.00 

HT PCT HOLPCT 
AN/PL 23.79 22.73 
EN/HY 18.66 23.16 

INPUT 
HOLPCT 

81.08 
0.43 
0.00 
7.53 
0.00 
0.00 
2.70 
0.05 
0.00 
0.70 
1.54 
0.00 
0.00 
2.53 
3.43 
0.01 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

FA/OL 
DIFNDX 

DRY OX 
HOLPCT 

81.09 
0.43 

7.53 

0.00 
2.70 
0.05 

0.70 
1.54 
0.00 

2.53 
3.43 

HT PCT 
0.00 
83.08 

HET OX 
HOLPCT 

81.09 
0.43 

7.53 

0.00 
2.70 
0.05 

0.70 
1.54 
0.00 

2.53 
3.43 

0.00 

HOLPCT 
0.00 
87.16 

niN-
ERAL 

0 
C 
Z 
OR 
PL 
(AB) 
(AN) 
LC 
NE 
KP 
HL 
TH 
AC 
NS 
KS 
UO 
DI 
(UO) 
(EN) 
(FS) 
HY 
(EN) 
(FS) 

HOLE 
PCNT 

34.65 
0.14 
0.00 

30.19 
28.89 
22.32 
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 

(NA+K)/AL 
(FE+HN)/(FE+nN+nG) 

HEIGHT 
PCNT 

35.05 
0.12 
0.00 
28.31 
25.87 
19.72 
5.15 
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 
5.58 
1.04 
4.54 

HT PCT 
94.54 
90.03 

HIH-
ERAL 

OL 
(FO) 
(FA) 
CS 
HT 
CH 
IL 
HH 
TN 
PF 
RU 
AP 
FR 
PY 
CC 

SALIC 
FEHIC 

TOTAL 

HOLPCT 
79.17 
73.73 

HOLE 
PCNT 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.75 
0.00 
0.00 
0.00 
0.00 
0.07 
O.OO 
0.00 
0.00 

33.86 
6.14 

100.00 

HEIGHT 
PCNT 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.97 
0.00 
0.00 
0.00 
0.00 
0.07 
0.00 
0.00 
0.00 

83.36 
6.52 

35.38 

NA2Q/(NA20+K20) 
FEQ/(FEa+FE203) 

TERNARY DIAGRAHS 

B 
AB 
OR 

B 
NE 
KP 

AN 
AB 
OR 

A 
F 
H 

HT PCT 

42.20 
23.73 
34.07 

67.73 
12.86 
13.35 

11.36 
36.39 
52.25 

68.34 
27.54 
4.01 

HOLPCT 

76.74 
9.89 
13.37 

84.13 
6.75 
9.13 

11.12 
37.78 
51.10 

63.68 
28.85 
7.47 

HT PCT HOLPCT 
32.72 42.51 
100.00 100.00 



SPECIES 

SI02 
T102 
ZR02 
AL203 
CR203 
FE203 
FEO 
HNO 
NIO 
HGO 
CAO 
SRO 
BAD 
NA20 
K20 
P205 
H20+ 
H20-
S03 
S 
CL 
F 
C02 
TOTAL 
-0=F,CL 
-H2Q 

IDENTIFICATION READS... 

INPUT 
HT PCT 

73.41 
0.47 
0.00 
11.71 
0.00 
0.00 
2.89 
0.05 
0.00 
0.24 
1.06 
0.00 
0.00 
2.61 
4.00 
0.06 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

96.50 
95.50 
96.50 

CATION 
PCNT 

72.16 
0.34 
0.00 
13.57 
0.00 
0.00 
2.38 
0.04 
0.00 
0.35 
1.12 
0.00 
0.00 
4.97 
5.02 
0.05 

0.00 

0.00 

COHP 
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 

HT PCT HOLPCT 
AN/PL 18.00 17.14 
EN/HY 11.25 14.28 

IDAHO 35 MIDDLE VITRO -

INPUT 
HOLPCT 

81.82 
0.39 
0.00 
7.69 
0.00 
0.00 
2.69 
0.05 
0.00 
0.39 
1.27 
0.00 
0.00 
2.92 
2.84 
0.03 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

FA/OL 
DIFNDX 

DRY OX 
HOLPCT 

81.85 
0.39 

7.69 

0.00 
2.69 
0.05 

0.39 
1.27 
0.00 

2.82 
2.84 

HT PCT 
0.00 
84.08 

HET OX 
HOLPCT 

81.85 
0.39 

7.59 

0.00 
2.69 
0.05 

0.39 
1.27 
0.00 

2.82 
2.84 

0.00 

HOLPCT 
0.00 

87.55 

TRIPLE UNIT 

HIN-
ERAL 

Q 
C 
Z 
OR 
PL 
(AB) 
(AN) 
LC 
NE 
KP 
HL 
TH 
AC 
NS 
KS 
HO 
DI 
(HO) 
(EN) 
(FS) 
HY 
(EN) 
(FS) 

HOLE 
PCNT 

37.71 
1.52 
0.00 

25.08 
• 30.02 
24.87 
5.15 
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 
4.84 
0.59 
4.15 

(HA+K)/AL 
(FE+HN)/(FE+HN+HG) 

HEIGHT 
PCNT 

38.35 
1.31 
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 
5.23 
0.59 
4.54 

HT PCT 
84.82 
94.14 

HIN-
ERAL 

OL 
(FO) 
(FA) 
CS 
HT 
CH 
IL 
HH 
TN 
PF 
RU 
AP 
FR 
PY 
CC 

SALIC 
FEHIC 

TOTAL 

HOLPCT 
73.64 
87.50 

HOLE 
PCNT 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.59 
0.00 
0.00 
0.00 
0.00 
0.14 
0.00 
0.00 
0.00 

94.33 
5.57 

100.00 

HEIGHT 
PCNT 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.88 
0.00 
0.00 
0.00 
0.00 
0.15 
0.00 
0.00 
0.00 

90.24 
5.25 

36.50 

NA2Q/(NA20+K20) 
FE0/(FEO+FE2O3) 

TERNARY DIAGRAHS 

S 
AB 
OR 

B 
NE 
KP 

AN 
AB 
OR 

A 
F 
H 

HT PCT 

45.62 
26.27 
28.11 

53.80 
14.23 
15.98 

9.59 
43.67 
46.74 

57.89 
29.68 
2.42 

HOLPCl 

79.05 
10.43 
10.52 

85.24 
7.35 
7.41 

9.34 
45.14 
45.52 

64.73 
30.79 
4.43 

UT PCT HOLPCT 
39.49 49.73 
100.00 100.00 



IDENTIFICATION READS...IDAHO 36 HEH 12 

SPECIES 

SI02 
TI02 
ZR02 
AL203 
CR203 
FE203 
FEO 
HNO 
NIO 
HGO 
CAO 
SRO 
BAO 
NA20 
K20 
P205 
H2a+ 
H20-
S03 
S 
CL 
F 
C02 

TOTAL 
-D=F,CL 
-H20 

INPUT 
HT PCT 

71.40 
0.47 
0.00 
12.20 
0.00 
0.00 
3.63 
0.07 
0.00 
0.27 
1.38 
0.00 
0.00 
3.02 
3.35 
0.08 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

35.87 
35.87 
35.87 

CATION 
PCNT 

70.48 
0.35 
0.00 
14.13 
0,00 
0.00 
3.00 
0.06 
0.00 
0.40 
1.46 
0.00 
0.00 
5.78 
4.22 
0.07 

0.00 

0.00 

COHP 
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 

HT PCT HOLPCT 
AN/PL 19.82 18.30 
EN/HY 10.05 12.80 

INPUT 
HOLPCT 

80.21 
0.40 
0.00 
8.08 
0.00 
0.00 
3.41 
0.07 
0.00 
0.45 
1.56 
0.00 
0.00 
3.23 
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 

3.29 
2.40 

HTPCT 
0.00 
80.49 

HET OX 
HOLPCT 

80.24 
0.40 

8,08 

0.00 
3.41 
0.07 

0.45 
1.65 
0.00 

3.29 
2.40 

0.00 

HOLPCT 
0.00 
84.58 

HIN-
ERAL 

B 
C 
Z 
OR 
PL 
(AB) 
(AN) 
LC 
NE 
KP 
HL 
TH 
AC 
NS 
KS 
HO 
DI 
(UO) 
(EN) 
(FS) 
HY 
(EN) 
(FS) 

HOLE 
PCNT 

34.59 
1.50 
0.00 

21.09 
35.63 
28.90 
5.73 
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 
6.21 
0.73 
5.41 

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

HEIGHT 
PCNT 

35.14 
1.23 
0.00 
13.80 
31.87 
25.55 
5.32 
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 
5.63 
0.57 
6.02 

HT PCT 
77.77 
94.64 

HIN-
ERAL 

OL 
(FO) 
(FA) 
CS 
HT 
CH 
IL 
HH 
TN 
PF 
RU 
AP 
FR 
PY 
CC 

SALIC 
FEHIC 

TOTAL 

HOLPCT 
70.44 
88.49 

HOLE 
PCNT 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.70 
0.00 
0.00 
0.00 
0.00 
0.18 
0.00 
0.00 
0.00 

92.91 
7.03 

100.00 

HEIGHT 
PCNT 

0.00 
0.00 
0.00 
0.00 
0.00 
O.CO 
0.83 
0.00 
0.00 
0.00 
0.00 
0.13 
0.00 
0.00 
0.00 

88.10 
7.78 

35.87 

NA2Q/{NA20+K20) 
FEa/(FE0+FE203) 

TERNARY DIAGRAHS 

B 
AB 
OR 

a 
NE 
KP 

AN 
AB 
OR 

A 
F 
H 

HT PCT 

43,65 
31.75 
24.50 

58.82 
17.20 
13.38 

12.23 
43.46 
38.31 

62.03 
35.35 
2.63 

HOLPCl 

77.62 
12.34 
3.44 

84.54 
8.34 
6.52 

11.87 
50.35 
37.18 

53.56 
35.70 
4.73 

HT PCT HOLPCT 
47 .41 57.81 
100.00 100.00 



IDENTIFICATION READS...IDAHO 27 TOP TRIPLE UNIT 

SPECIES 

SI02 
TI02 
ZR02 
AL203 
CR203 
FE203 
FEO 
HNO 
NIO 
HGO 
CAO 
SRO 
BAO 
NA20 
K20 
P205 
H20+ 
H20-
S03 
S 
CL 
F 
C02 

TOTAL 
-0=F,CL 
-H20 

INPUT 
HT PCT 

65.87 
0.61 
0.00 
11.83 
0.00 
0.00 
3.81 
0.07 
0.00 
0.50 
4.74 
0.00 
0.00 
2.86 
4.10 
0.11 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

94.50 
94.50 
84.50 

CATION 
PCNT 

65.73 
0.46 
0.00 
13.91 
0.00 
0.00 
3.18 
0.06 
0.00 
0.74 
5.07 
0.00 
0.00 
5.53 
5.22 
0.10 

0.00 

* 

0.00 

COHP 
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 

-0.02 
0.00 

HT PCT HOLPCT 
AN/PL 23.26 22.22 
EN/HY 16.81 20.99 

INPUT 
HOLPCl 

75.02 
0.52 
0.00 
7.94 
0.00 
0.00 
3.63 
0.07 
0.00 
0.84 
5.78 
0.00 
0.00 
3.16 
2.98 
0.05 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

FA/OL 
DIFNDX 

DRY OX 
HOLPCT 

75.05 
0.52 

7.94 

0.00 
3.63 
0.07 

0.84 
5.79 
0.00 

3.16 
2.98 

UT PCT 
0.00 
71.94 

HET OX 
HOLPCT 

75.06 
0.52 

7.94 

0.00 
3.53 
0.07 

0.84 
5.79 
0.00 

3.16 
2.98 

0.00 

HOLPCT 
0.00 
77.23 

HIN-
ERAL 

B 
C 
Z 
OR 
PL 
(AB) 
(AN) 
LC 
NE 
KP 
HL 
TH 
AC 
NS 
KS 
UO 
DI 
(HO) 
(EN) 
(FS) 
HY 
(EN) 
(FS) 

HOLE 
PCNT 

23.46 
0.00 
0.00 

26.10 
35.57 
27.67 
7.90 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
13.31 
6.65 
1.40 
5.26 
0.39 
0.08 
0.31 

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

HEIGHT 
PCNT 

23.51 
0.00 
0.00 

24.23 
31.53 
24.20 
7.33 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
13.40 
6.45 
1.17 
5.78 
0.41 
0.07 
0.34 

UT PCT 
88.25 
90.96 

HIN-
ERAL 

OL 
(FO) 
(FA) 
CS 
HT 
CH 
IL 
HH 
TN 
PF 
RU 
AP 
FR 
PY 
CC 

SALIC 
FEHIC 

TOTAL 

HOLPCT 
77.28 
81.42 

HOLE 
PCNT 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.91 
0.00 
0.00 
0.00 
0.00 
0.26 
0.00 
0.00 
0.00 

85.13 
14.87 

100.00 

HEIGHT 
PCNT 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.15 
0.00 
0.00 
0.00 
0.00 
0.27 
0.00 
0.00 
0.00 

79.27 
15.23 

94.50 

NA20/(NA20+K2Q) 
FE0/(FEQ+FE2Q3) 

TERNARY DIAGRAHS 

fi 
AB 
OR 

6 
NE 
KP 

AN 
AB 
OR 

A 
F 

n 

HT PCT 

32.68 
33.64 
33.68 

62.54 
18.22 
19.14 

13.15 
43.40 
43.45 

61.77 
33.82 
4.41 

HOLPCl 

58.57 
16.17 
15.25 

80.70 
9.93 
9.37 

12.82 
44.87 
42.32 

57.84 
34.21 
7.95 

HT PCT HOLPCT 
41.09 51.45 
100.00 100.00 



IDENTIFICATION READS...SOUTH HILLS GUL3-1 

SPECIES 

SI02 
T102 
ZR02 
AL203 
CR2Q3 
FE203 
FEO 
HNO 
NIO 
HGQ 
CAO 
SRO 
BAO 
NA20 
K20 
P205 
H2Q+ 

H20-
S03 
S 
CL 
F 
C02 

TOTAL 
-D=F,CL 
-H20 

INPUT 
UT PCT 

73.70 
0.31 
0.00 
11.84 
0.00 
0.00 
2.18 
0.04 
0.00 
0.13 
0.59 
0.00 
0.00 
2.72 
5.66 
0.07 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
97.24 
97.24 
97.24 

CATION 
PCNT 

71.47 
0.23 
0.00 
13.53 
0.00 
0.00 
1.77 
0.03 
0.00 
0.19 
0.61 
0.00 
0.00 
5.11 
7.00 
0,06 

0.00 

0.00 

COHP 
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 

UT PCT HOLPCT 
AN/PL 
EN/HY 

9.59 
8.34 1 

9.18 
10.68 

INPUT 
HOLPCT 

B2.01 
0.26 
0.00 
7.76 
0.00 
0.00 
2,03 
0.03 
0.00 
0.22 
0.70 
0.00 
0.00 
2.93 
4.02 
0.03 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

FA/OL 
DIFNDX 

DRY OX 
HOLPCT 

82.04 
0.25 

7.77 

0.00 
2.03 
0.03 

0.22 
0.70 
0.00 

2.34 
4.02 

HT PCT 
0.00 
83.79 

MET OX 
HOLPCT 

82.04 
0.26 

7.77 

0.00 
2.03 
0.03 

0.22 
0.70 
0.00 

2.34 
4.02 

0.00 

HOLPCT 
0.00 
32.31 

HIN-
ERAL 

B 
C 
Z 
OR 
PL 
(AB) 
(AN) 
LC 
NE 
KP 
HL 
TH 
AC 
NS 
KS 
UO 
DI 
(UO) 
(EN) 
(FS) 
HY 
(EN) 
(FS) 

HOLE 
PCNT 

32.33 
0.38 
0.00 

35.01 
28.16 
25.57 
2.59 
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 
3.52 
0.38 
3.14 

(NAtK)/AL 
(FE+HN)/(FE+HN+HG) 

HEIGHT 
PCNT 

33.33 
0.33 
0.00 

33.45 
25.43 
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 
3.55 

HT PCT 
107.18 
35.55 

HIN-
ERAL 

OL 
(FO) 
(FA) 
CS 
HT 
CH 
IL 
HH 
TN 
PF 
RU 
AP 
FR 
PY 
CC 

SALIC 
FEHIC 

TOTAL 

HOLPCT 
83.53 
90.54 

HOLE 
PCNT 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.45 
0.00 
0.00 
0.00 
0.00 
0.15 
0.00 
0.00 
0.00 

95.88 
4.12 

100.00 

HEIGHT 
PCNT 

0.00 
O.OO 
0.00 
0.00 
0.00 
0.00 
0.59 
0.00 
0.00 
0.00 
0.00 
0.17 
0.00 
0.00 
0.00 

92.50 
4.64 

97.24 

NA20/(NA20tK20) 
FE0/(FE0+FE203) 

TERNARY DIAGRAMS 

9 
AB 
OR 

Q 
NE 
KP 

AN 
AB 
OR 

A 
F 
H 

HT PCT 

37,12 
25,63 
37.25 

64.95 
13.83 
21.17 

4.13 
33.05 
56.75 

78.39 
20.39 

1.22 

HOLPCl 

72.74 
11,51 
15,75 

82,35 
7,45 
10.20 

4,09 
40,48 
55,42 

75.53 
22.06 

2.34 

HT PCT HOLPCT 
32.46 42.21 
100,00 100,00 



IDENTIFICATION READS...SOUTH HILLS GS-ASH 

SPECIES 

SI02 
TI02 
ZR02 
AL2Q3 
CR203 
FE203 
FEO 
HNO 
NIO 
HGO 
CAO 
SRO 
BAO 
NA20 
K20 
P205 
H20t 
H20-
S03 
S 
CL 
F 
C02 

TOTAL 

i INPUT 
HTPCT 

68.51 
0.47 
0.00 
12.50 
0.00 
0.00 
2.92 
0.05 
0.00 
0.17 
0.81 
0.00 
0.00 
1.55 
5.22 
0.08 
0.00 
0.00 
0.00 
0.00 
0.00 
0,00 
0.00 

92.29 
-0=F,CL 32.29 
-H20 92.29 

CATION 
PCNT 

70.66 
0.36 
0.00 
15.20 
0.00 
0.00 
2.52 
0.05 
0.00 
0.26 
0.30 
0.00 
0.00 
3.12 
6.87 
0.07 

0.00 

0.00 

COHP 
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 

UT PCT HOLPCT 
AN/PL 20.94 19.97 
EN/HY 8.29 I 0.62 

INPUT 
HOLPCT 

80.87 
0.42 
0.00 
8.70 
0.00 
0.00 
2.88 
0.05 
0.00 
0.30 
1.02 
0.00 
0.00 • 
1.73 
3.93 
0.04 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

FA/OL 
DIFNDX 

DRY OX 
HOLPCT 

80.90 
0.42 

8.70 

0.00 
2.88 
0.05 

0.30 
1.02 
0.00 

1.79 
3.93 

HT PCT 
0.00 
79.60 

HET OX 
HOLPCT 

80.90 
0.42 

8.70 

0.00 
2.88 
0.05 

0.30 
1.02 
0.00 

1.79 
3.93 

0.00 

HOLPCT 
0.00 
86.52 

HIN-
ERAL 

0 
C 
Z 
OR 
PL 
(AB) 
(AN) 
LC 
NE 
KP 
HL 
TH 
AC 
NS 
KS 
UO 
DI 
(UO) 
(EN) 
(FS) 
HY 
(EN) 
(FS) 

HOLE 
PCNT 

36.68 
3.65 
0.00 

34.34 
19.49 
15.60 
3.89 
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 
4.92 
0.52 
4.40 

(NA*K)/AL 
(FEtHN)/(FE+HN+H6) 

HEIGHT 
PCNT 

35.55 
3.00 
0.00 

30.85 
15.70 
13.20 
3.50 
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 
5.11 
0.42 
4.68 

HT PCT 
82.93 
35.75 

HIN-
ERAL 

OL 
(FO) 
(FA) 
CS 
HT 
CH 
IL 
HH 
TN 
PF 
RU 
AP 
FR 
PY 
CC 

SALIC 
FEHIC 

TOTAL 

HOLPCT 
65.73 
90.75 

HOLE 
PCNT 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.73 
0.00 
0.00 
0.00 
0.00 
0.13 

0.00 
0.00 
0.00 

94.16 
5.84 

100.00 

HEIGHT 
PCNT 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.83 
0.00 
0.00 
0.00 
0.00 
0.13 

0.00 
0.00 
0.00 

86.10 
5.13 

32.29 

NA20/(NA20tK20) 
FE0/(FEOiFE2O3) 

TERNARY DIAGRAHS 

B 
AB 
OR 

0 
NE 
KP 

AN 
AB 
OR 

A 
F 
H 

HT PCT 

44.67 
15.58 
38.75 

63.00 
8.98 
22.02 

7.35 
27.77 
64.88 

58.59 
23.53 
1.72 

HOLPCl 

78.50 
6.53 
14.72 

85.01 
4.68 
10.31 

7.23 
28.98 
53.79 

64.24 
32.40 
3.36 

UT PCT HOLPCT 
23.01 3 1,23 
100.00 100.00 



IDENTIFICATION READS,..SOUTH HILLS CAH-2 

SPECIES INPUT CATION COHP INPUT DRY OX HET OX HIN- HOLE HEIGHT HIN- HOLE HEIGHT 
UT PCT PCNT ERROR HOLPCT HOLPCT HOLPCT ERAL PCNT PCNT ERAL PCNT PCNT 

TERNARY DIAGRAMS 

SI02 
TI02 
ZR02 
AL203 
CR203 
FE2Q3 

" FEO 
HNO 
NIO 
HGO 
CAO 
SRO 
BAO 
NA20 
K2Q 
P2Q5 
H2Q+ 
H20-
SQ3 
S 
CL 
F 
C02 
TOTAL 
-0=F,CL 
-H20 

74.72 
0.36 
0.00 

12.35 
0.00 
0.00 
2.65 
0.05 
0.00 
0.17 
0.61 
0.00 
0.00 
3.33 
4.32 
0.06 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

99.28 
99.28 
99.28 

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 
5.94 
0.05 

0.00 

0.00 

0.00 81.32 81.34 81.34 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 

0.00 
0.00 
0.00 

0.23 
0.00 
7.92 
0.00 
0.00 
2.41 
0.05 
0.00 
0.28 
0.71 
0.00 
0.00 
3.58 
3.42 
0.03 
0.00 

0.29 0.29 

7.32 7.92 

0.00 0.00 
0.00 0.00 
0.00 0.00 
-0.01 0.00 
0.00 0.00 

0.00 
2.41 
0.05 

0.28 
0.71 
0.00 

3.58 
3.42 

0.00 
2.41 
0.05 

0.28 
0.71 
0.00 

3.58 
3.42 

0.00 

C 
Z 
OR 
PL 
(AB) 
(AN) 
LC 
NE 
KP 
HL 
TH 
AC 
NS 
KS 
UO 
DI 
(UO) 
(EN) 
(FS) 
HY 
(EN) 

31.05 
0.54 
0.00 

29.71 
33.81 
31.12 
2.69 
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 
4.25 
0.48 

32.79 
0.48 
0.00 

29.07 
31.32 
28.59 
2.63 
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 
4.79 
0.42 

OL 
(FO) 
(FA) 
CS 
HT 
CH 
IL 
HH 
TN 
PF 
RU 
AP 
FR 
PY 
CC 

SALIC 
FEHIC 

0.00 
0.00 
O.OO 
0.00 
0.00 
0.00 
0.51 
0.00 
0.00 
0.00 
0.00 
0.13 
0.00 
0.00 
0.00 

95.11 
4.83 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.58 
0.00 

HT PCT HOLPCT 

00 
00 
00 
14 
00 
00 
00 

33.55 
5.52 

TOTAL 100.00 99.28 

AB 
OR 

ME 
KP 

AN 
AB 
OR 

A 
F 
H 

35.21 
31.58 
32.11 

64.53 
17.16 
18.25 

4.35 
47.50 
48.14 

74.65 
23.81 
1.53 

71.85 
14.40 
13.75 

81.93 
9.21 
8.30 

4.24 
48.39 
46.77 

72.23 
24.92 
2.85 

(FS) 3.77 4.37 

AN/PL 
EN/HY 

HT PCT 
8.41 
8.84 

HOLPCT 
7.97 
11.30 

FA/QL 
DIFNDX 

UT PCT 
0.00 
90.55 

HOLPCT 
0.00 
91.88 

(NAtK)/AL 
(FE+HN)/(FE+HN+HG) 

UT PCT 
100.35 
35.35 

HOLPCT 
88.27 
83.92 

NA20/(NA20tK2Q) 
FE0/(FE0tFE203) 

HT PCT HOLPCT 
40.73 51.15 
100.00 100,00 



IDENTIFICATION READS...SOUTH HILLS TVB-2 

SPECIES 

"SI02 
TI02 
ZRD2 
AL2Q3 
CR2Q3 
FE203 
FEO 
HNO 
NIO 
HGO 
CAO 
SRO 
BAO 
NA2Q 
K2Q 
P205 
H2Qt 
H20-
SQ3 
S 
CL 
F 
C02 

TOTAL 
-0=F,CL 
-H20 

INPUT 
UT PCT 

71.47 
0.47 
0.00 
12.27 
0.00 
0.00 

3.45 
0.05 
0.00 
0.25 
1.14 
0.00 
O.OO 
2.53 
5.06 
0.12 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

36.88 
36.88 
36.88 

CATION 
PCNT 

59.80 
0.35 
0.00 
14.12 
0.00 
0.00 
2.82 
0.05 
0.00 
0.36 
1.19 
0.00 
0.00 
4.30 
6.30 
O.IO 

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 
0.00 

0.00 
0.00 
0.00 

-0.02 
0.00 

HT PCT KOLPCT 
AN/PL 18,13 17.32 
EN/HY 3.91 12.53 

INPUT 
HOLPCT 

79.97 
0.40 
0.00 
8.03 
0.00 
0.00 
3.23 
0.05 
0.00 
0.42 
1.37 
0.00 
0.00 
2.81 
3.61 
0.05 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

FA/OL 
DIFNDX 

DRY OX 
HOLPCT 

80.02 
0.40 

8.10 

0.00 
3.23 
0.05 

0.42 
1.37 
0.00 

2.81 
3.61 

HT PCT 
0.00 
83.80 

HET OX 
HOLPCT 

80.02 
0.40 

8.10 

0.00 
3.23 
0.05 

0.42 
1.37 
0.00 

2.81 
3.51 

0.00 

HOLPCT 
0.00 
87.28 

HIN-
ERAL 

B 
C 
Z 
OR 
PL 
(AB) 
(AN) 
LC 
NE 
KP 
HL 
TH 
AC 
NS 
KS 
UO 
DI 
(UO) 
(EN) 
(FS) 
HY 
(EN) 
(FS) 

HOLE 
PCNT 

31.24 
0.85 
0.00 

31.52 
23.56 
24.52 
5.14 
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 
5.76 
0.73 
5.04 

(NA+K)/AL 
(F£+HN)/(FE+HN+HG) 

HEIGHT 
PCNT 

31.98 
0.75 
0.00 

23.30 
26.73 
21.32 
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 
6.28 
0.52 
5.56 

HT PCT 
94.27 
94.75 

HIN-
ERAL 

OL 
(FO) 
(FA) 
CS 
HT 
CH 
IL 
HH 
TN 
PF 
RU 
AP 
FR 
PY 
CC 

SALIC 
FEHIC 

TOTAL 

HOLPCT 
73.35 
88.72 

HOLE 
PCNT 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.69 
0.00 
0.00 
0.00 
0.00 
0.26 
0.00 
0.00 
0.00 

93.28 
5.72 

100.00 

HEIGHT 
PCNT 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.83 
0.00 
0.00 
0.00 
0.00 
0.28 
0.00 
0.00 
0.00 

89.42 
7.46 

96.88 

NA20/(HA2G+K20) 
F£0/(FE0+rE203) 

TERNARY DIAGRAMS 

g 
AB 
OR 

Q 
NE 
KP 

AN 
AB 
OR 

A 
F 
H 

HT PCT 

38.16 
26.15 
35.58 

65.56 
14.17 
20.28 

8.53 
38.66 
52.75 

57.40 
30.40 
2.20 

MDLPCT 

73.59 
11.55 
14.85 

82.72 
7.55 
9.72 

8.40 
40.08 
51.52 

53.79 
32.07 
4.14 

WT PCT HOLPCT 
J. 3.86 4: 
100.00 10( 

!.76 
).00 



IDENTIFICATION READS...SOUTH HILLS HC-2 

SPECIES 

S102 
TI02 
ZR02 
AL203 
CR203 
FE203 
FEO 
HNO 
NIO 
HGO 
CAO 
SRO 
BAO 
NA20 
K20 
P2Q5 
H20t 
H20-
S03 
S 
CL 
F 
C02 

TOTAL 

1 INPUT 
HT PCT 

65.21 
0.77 
0.00 
13.04 
0.00 
0.00 
4.80 
0.08 
0.00 
0.74 
2.45 
0.00 
0.00 
2.88 
4.77 
0.22 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

94.95 
-0=F,CL 34.35 
-H20 94.95 

CATION 
PCNT 

54.68 
0.57 
0.00 
15.25 
0.00 
0.00 
3.98 
0.06 
0.00 
1.09 
2.50 
0.00 
0.00 
5.54 
6.04 
0.18 

0.00 

0.00 

COHP 
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 
-0.03 
0.00 

HT PCT HOLPCT 
AN/PL 25.01 24.89 
EN/HY 19.35 23.97 

INPUT 
HOLPCT 

74.78 
0.65 
0.00 
8.81 
0.00 
0.00 
4.60 
0.07 
0.00 
1.25 
3.01 
0.00 
0.00 
3.20 
3.49 
0.11 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

FA/OL 
DIFNDX 

DRY OX 
HOLPCT 

74.86 
0.56 

8.82 

0.00 
4.61 
0.07 

1.27 
3.01 
0.00 

3.21 
3.49 

UT PCT 
0.00 
73.99 

HET OX 
HOLPCT 

74.85 
0.66 

8.82 

0.00 
4.61 
0.07 

1.27 
3.01 
0.00 

3.21 
3.49 

0.00 

HOLPCT 
0.00 
79.13 

HIN-
ERAL 

0 
C 
Z 
OR 
PL 
(AB) 
(AN) 
LC 
NE 
KP 
HL 
TH 
AC 
NS 
KS 
UO 
DI 
(UO) 
(EN) 
(FS) 
HY 
(EN) 
(FS) 

HOLE 
PCNT 

21.26 
0.00 
0.00 

30.18 
36.87 
27.69 
9.18 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.84 
0.92 
0.22 
0.70 
8.21 
1.97 
6.24 

(NAtK)/AL 
(FE4HN)/(FE+HN+HG) 

HEIGHT 
PCNT 

21.43 
0.00 
0.00 

28.19 
32.94 
24.37 
8.57 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.86 
0.90 
0.19 
0.78 
8.55 
1.65 
6.91 

UT PCT 
88.33 
89.45 

HIN-
ERAL 

OL 
(FO) 
(FA) 
CS 
HT 
CH 
IL 
HH 
TN 
PF 
RU 
AP 
FR 
PY 
CC 

SALIC 
FEHIC 

TOTAL 

HOLPCT 
75.92 
78.71 

non 
PCHT 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.15 
0.00 
0.00 
0.00 
0.00 
0.49 
0.00 
0.00 
0.00 

88.31 
11.59 

100.00 

# 

HEIGHT 
fCXT 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.46 
0.00 
0.00 
0.00 
0.00 
0.52 
0.00 
0.00 
0.00 

82.56 
12.41 

94.96 

NA20/(NA2QtK20) 
FE0/(FE0+FE203) 

TERNARY DIAGRAHS 

B 
AB 
OR 

8 
NE 
KP 

AN 
AB 
OR 

A 
F 
H 

HT PCT 

28.97 
32.94 
38.10 

50.51 
17.84 
21.65 

14.02 
39.87 
46.11 

58.00 
35.39 
5.51 

HOLPCT 

64.75 
16.87 
18.38 

79.33 
9.89 
10.78 

13.59 
41.30 
45.01 

53.28 
35.55 
10.07 

HT PCT HOLPCT 
37.65 47.85 
100.00 100.00 



IDENTIFICATION READS...SOUTH HILLS TVH 

SPECIES 

SI02 
TI02 
ZR02 
AL203 
CR203 
FE203 
FEO 
HNO 
NIO 
HGO 
CAO 
SRO 
BAO 
NA20 
K20 
P205 
H20+ 
H2Q-
S03 
S 
CL 
F 
C02 
TOTAL 

INPUT 
HTPCT 

71.62 
0.45 
0.00 
12.03 
0.00 
0.00 
3.18 
0.04 
0.00 
0.19 
0.99 
0.00 
0.00 
2.80 
5.02 
0.10 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
96.42 

-Q=F,CL 95.42 
-H20 

i 
1 

95.42 

CATION 
PCNT 

70.15 
0.33 
0.00 
13.89 
0.00 
0.00 
2.60 
0.04 
0.00 
0.28 
1.04 
0.00 
0.00 
5.32 
6.27 
0.08 

0.00 

0.00 

COHP 
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 

UT PCT HOLPCT 
^N/PL 15.23 14.49 
EN/HY 8.37 10.72 

INPUT 
HOLPCT 

80.43 
0.38 
0.00 
7.96 
0.00 
0.00 
2.99 
0.04 
0.00 
0.32 
1.19 
0.00 
0.00 
3.05 
3.50 
0.05 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

FA/OL 
DIFNDX 

DRY OX 
HOLPCT 

80.47 
0.38 

7.97 

0.00 
2.99 
0.04 

0.32 
1.19 
0.00 

3.05 
3.60 

UT PCT 
0.00 
84.99 

HET OX 
HOLPCT 

80.47 
0.38 

7.97 

0.00 
2.99 
0.04 

0.32 
1.19 
0.00 

3.05 
3.50 

0.00 

HOLPCT 
0.00 
88.94 

HIN-
ERAL 

B 
C 
Z 
OR 
PL 
(AB) 
(AN) 
LC 
NE 
KP 
HL 
TH 
AC 
NS 
KS 
UO 
DI 
(UO) 
(EN) 
(FS) 
HY 
(EN) 
(FS) 

HOLE 
PCNT 

30.99 
0.50 
0.00 

31.35 
31.09 
26.59 
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 
5.17 
0.55 
4.62 

(NA^K)/AL 
(FE+HN)/(FE+HN+HG) 

HEIGHT 
PCNT 

31.64 
0.43 
0.00 

29.65 
27.95 
23.69 
4.25 
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 
5.65 
0.47 
5.18 

UT PCT 
98.08 
95.53 

HIN-
ERAL 

OL 
(FO) 
(FA) 
CS 
HT 
CH 
IL 
HH 
TN 
PF 
RU 
AP 
FR 
PY 
CC 

SALIC 
FEHIC 

TOTAL 

HOLPCT 
83.45 
90.50 

HOLE 
PCNT 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.56 
0.00 
0.00 
0.00 
0.00 
0.22 
0.00 
0.00 
0.00 

93,94 
5.06 

100.00 

HEIGHT 
PCNT 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.85 
0.00 
0.00 
0.00 
0.00 
0.24 
0.00 
0.00 
0.00 

89.68 
6.74 

96.43 

NA20/(NA20«20) 
FE0/(FE0tFE203) 

TERNARY DIAGRAMS 

Q 
AB 
OR 

0 
NE 
KP 

AN 
AB 
OR 

A 
F 
H 

HT PCT 

37.22 
27.88 
34.90 

65.07 
15.10 
19.83 

7.39 
41.12 
51.49 

69.88 
28.42 
1.70 

HOLPCl 

72.78 
12.43 
14.73 

82.38 
8.09 
9.54 

7.21 
42.57 
50.22 

55.78 
30.02 
3.20 

HT PCT HOLPCT 
35.81 45.83 
100.00 100.00 



IDENTIFICATION READS...SOUTH HILLS VD 

SPECIES 

SI02 
TI02 
ZR02 
AL203 
CR203 
FE2Q3 
FEO 
HHO 
NIO 
HGO 
CAO 
SRO 
BAO 
NA20 
K20 
P205 
H20+ 
H20-
S03 
S 
CL 
F 
C02 

TOTAL 

i INPUT 
UT PCT 

71.93 
0.43 
0.00 
12.02 
0.00 
0.00 
3.21 
0.04 
0.00 
0.20 
0.87 
0.00 
0.00 
2.44 
5.54 
0.08 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

95.76 
-0=F,CL 95.76 
-H20 96.76 

CATION 
PCNT 

70.36 
0.32 
0.00 
13.85 
0.00 
0.00 
2.63 
0.03 
0.00 
0.23 • 
0.91 
0.00 
0.00 
4.63 
6.91 
0.07 

0.00 

0.00 

COHP 
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 

HT PCT HOLPCT 
AN/PL 15.52 14.76 
EN/HY 8.55 11 .06 

INPUT 
HOLPCT 

80.62 
0.36 
0.00 
7.94 
0.00 
0.00 
3.01 
0.04 
0.00 
0.33 
1.04 
0.00 
0.00 
2.55 
3.96 
0.04 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

FA/QL 
DIFNDX 

DRY OX 
HOLPCT 

80.65 
0.35 

7.94 

0.00 
3.01 
0.04 

0.33 
1.05 
0.00 

2.55 
3.96 

UT PCT 
0.00 
85.58 

HET OX 
HOLPCT 

80.55 
0.36 

7.94 

0.00 
3.01 
0.04 

0.33 
1.05 
0.00 

2.55 
3.95 

0.00 

HOLPCT 
0.00 
89.20 

HIK-
ERAL 

Q 
C 
Z 
OR 
PL 
(AB) 
(AN) 
LC 
NE 
KP 
HL 
TH 
AC 
NS 
KS 
UO 
DI 
(UO) 
(EN) 
(FS) 
HY 
(EN) 
(FS) 

HOLE 
PCNT 

31.50 
0.71 
0.00 
34.56 
27.14 
23.14 
4.01 
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 
5.27 
0.58 
4.69 

(NAtK)/AL 
(FEiHN)/(FE+HN+HG) 

HEIGHT 
PCNT 

32.20 
0.62 
0.00 

32.74 
24.44 
20.65 
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 
5.76 
0.50 
5.25 

HT PCT 
100.75 
95.45 

HIN-
ERAL 

OL 
(FO) 
(FA) 
CS 
HT 
CH 
IL 
HH 
TN 
PF 
RU 
AP 
FR 
PY 
CC 

SALIC 
FEHIC 

TOTAL 

HOLPCT 
83.28 
90.12 

ROLE 
PCNT 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.63 
0.00 
0.00 
0.00 
0.00 
0.18 
0.00 
O.OO 
0.00 

93.92 
6.08 

100.00 

• 

HEIGHT 
PCNT 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.82 
0.00 
0.00 
0.00 
0.00 
0.19 
0.00 
0.00 
0.00 

90.00 
6.77 

95.76 

NA20/(NA2Q»K20) 
FE0/(FE0+FE203) 

TERNARY DIAGRAMS 

6 
AB 
OR 

Q 
NE 
KP 

AN 
AB 
OR 

A 
F 
H 

HT PCT 

37.52 
24.12 
38.25 

65.13 
13.07 
21.74 

6.53 
35.11 
57.26 

70.05 
28.18 
1.76 

HOLPCT 

73. IS 
10.75 
15.06 

82.55 
7.00 
10.46 

5.43 
37.50 
56.01 

55.42 
30.22 
3.36 

HT PCT HOLPCT 
31 0.58 40.10 
100.00 100.00 



IDENTIFICATION READS...SOUTH HILLS CH-VITRO-1 

SPECIES INPUT CATION COHP INPUT DRY OX HET OX HIN- HOLE HEIGHT HIN- MOLE HEIGHT 
UT PCT PCNT ERROR HOLPCT HOLPCT HOLPCT ERAL PCNT PCNT ERAL PCNT PCNT 

TERNARY DIAGRAMS 

SI02 
TI02 
ZR02 
AL203 
CR203 
FE203 
FEO 
HNO 
NIO 
HGO 
CAO 
SRO 
BAO 
NA20 
K20 
P205 
H20+ 
H20-
S03 
S 
CL 
F 
C02 
TOTAL 
-0=F,CL 
-H20 

73.21 
0.43 
0.00 
12.21 
0.00 
0.00 
2.64 
0.03 
0.00 
0.17 
0.58 
0.00 
0.00 
2.10 
5.81 
0.10 
0.00 
0.00 
0.00 
0.00 
O.OO 
0.00 
0.00 
97.54 
97.54 
97.54 

71.15 
0.36 
0.00 
13.39 
0.00 
0.00 
2.15 
0.02 
0.00 
0.25 
0.71 
0.00 
0.00 
3.95 
7.33 
0.08 

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 

81.49 
0.41 
0.00 
8.01 
0.00 
0.00 
2.46 
0.03 
0.00 
0.28 
0.81 
0.00 
0.00 
2.27 
4.20 
0.05 
0.00 

81.53 
0.41 

81.53 
0.41 

0.00 0.00 
0.00 0.00 
0.00 0.00 
-0.01 0.00 
0.00 0.00 

8.01 8.01 

0.00 0.00 
2.46 2.45 
0.03 0.03 

0.28 0.28 
0.81 0.81 
0.00 0.00 

2.27 
4.20 

2.27 
4.20 

0.00 

C 
Z 
OR 
PL 
(AB) 
(AN) 
LC 
NE 
KP 
HL 
TH 
AC 
NS 
KS 
UO 
DI 
(UO) 
(EN) 
(FS) 
HY 
(EN) 
(FS) 

34.10 
1.56 
0.00 

35.64 
22.54 
19.79 
2.86 
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 
4.12 
0.49 
3.62 

35.08 
1.35 
0.00 

34.92 
20.49 
17.77 
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 

OL 
(FO) 
(FA) 
CS 
HT 
CH 
IL 
HH 
TN 
PF 
RU 
AP 
FR 
PY 
CC 

SALIC 
FEHIC 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.72 
0.00 
0.00 
0.00 
0.00 
0.22 
0.00 
0.00 
0.00 

94.95 
5.05 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.93 
0.00 
0.00 
0.00 
0.00 
0.24 
0.00 
0.00 
0.00 

91.85 
5.58 

HT PCT HOLPCT 

TOTAL 100.00 97.54 

AB 
OR 

B 
NE 
KP 

AN 

OR 

39.97 
20.24 
39.79 

75.13 
8.72 
15.15 

55.42 83.39 
10.97 5.82 
22.61 10.78 

4.91 4.82 
32.07 33.38 
63.02 61.80 

A 74.03 70.23 
F 24.40 25.71 
H 1.57 3.07 

HT PCT 
AN/PL 13.28 
EN/HY 9.38 

HOLPCT 
12.61 
11.97 

FA/OL 
DIFNDX 

HT PCT 
0.00 
87.77 

HOLPCT 
0.00 
90.53 

(HAtK)/AL 
(FE+HN)/(FE+KN+HG) 

HT PCT 
100.03 
95.29 

HOLPCT 
80.68 
89.81 

NA20/(HA20tK20) 
FEO/(FEQ+r£203) 

HT PCT HOLPCT 
25.22 35.07 
100.00 100.00 



IDENTIFICATION READS...SOUTH HILLS SF 

SPECIES 

SI02 
TI02 
ZR02 
AL203 
CR203 
FE203 
FEO 
HNO 
NIO 
HGO 
CAO 
SRO 
BAO 
NA20 
K20 
P205 
H20+ 
H20-
S03 
S 
CL 
F 
C02 

TOTAL 

; INPUT 
HT PCT 

71.54 
0.69 
0.00 
13.72 
0.00 
0.00 
4.19 

. 0.07 
0.00 
0.72 
1.82 
0.00 
0.00 
3.53 
4.71 
0.18 
0.00 
0.00 
,0.00 
0.00 
0.00 
0.00 
0.00 

101.17 
-0=F,CL 101.17 
-H20 

1 

101.17 

CATION 
PCNT 

66.35 
0.48 
0.00 
15.00 
0.00 
0.00 
3.25 
0.05 
0.00 
1.00 
1.81 
0.00 
0.00 
6.35 
5.57 
0.14 

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 
0.00 

0.00 
0.00 
0.00 
-0.02 
0.00 

UT PCT HOLPCT 
AN/PL 20.45 19.51 
EN/HY 21.17 25.03 

INPUT 
HOLPCT 

75.73 
0.55 
0.00 
8.57 
0.00 
0.00 
3.75 
0.05 
0.00 
1.15 
2.09 
0.00 
0.00 
3.57 
3.22 
0.08 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

FA/OL 
DIFNDX 

DRY OX 
HOLPCT 

76.80 
0.55 

8.68 

0.00 
3.76 
0.05 

1.15 
2.09 
0.00 

3.67 
3.23 

UT PCT 
0.00 
83.21 

HET OX 
HOLPCT 

75.80 
0.55 

8.68 

0.00 
3.76 
0.06 

1.15 
2.09 
0.00 

3.57 
3.23 

0.00 

HOLPCT 
0.00 
83.26 

HIN-
ERAL 

B 
C 
Z 
OR 
PL 
(AB) 
(AN) 
LC 
NE 
KP 
HL 
TH 
AC 
NS 
KS 
UO 
DI 
(UO) 
(EH) 
(FS) 
HY 
(EN) 
(FS) 

HOLE 
PCNT 

23.65 
0.00 
0.00 

27.86 
39.44 
31.74 
7.69 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.14 
0.07 
0.02 
0.05 
7.55 
1.97 
5.59 

(NAtK)/AL 
(FE+KN)/(FE+MN+HG) 

HEIGHT 
PCNT 

25.51 
0.00 
0.00 

27.83 
37.55 
29.87 
7.68 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.15 
0.07 
0.02 
0.05 
8.40 
1.78 
5.62 

HTPCT 
89.91 
88.40 

MIN­
ERAL 

OL 
(FO) 
(FA) 
CS 
HT 
CH 
IL 
HH 
TN 
PF 
RU 
AP 
FR 
PY 
CC 

SALIC 
FEHIC 

TOTAL 

HOLPCT 
79.48 
76.84 

HOLE 
PCNT 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.95 
0.00 
0.00 
0.00 
0.00 
0.38 
O.CO 
0.00 
0.00 

90.96 
9.04 

100.00 

HEIGHT 
PCNT 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.31 
0.00 
0.00 
0.00 
0.00 
0.43 
0.00 
0.00 
0.00 

90.89 
10.28 

101.17 

NA20/(NA20+K20) 
FE0/(FE0+FE2a3) 

TERNARY DIAGRAHS 

HT PCT 

B 30.55 
AB 35.90 
CR 33.45 

6 51.55 
NE 19.45 
KP 19.01 

AN 11.75 
AB 45.58 
OR 42.57 

A 52.66 
F 31.85 
H 5.43 

HOLPCT 

65.50 
17.84 
15,55 

79,94 
10,58 
9.38 

11.43 
47.16 
41.40 

58.40 
31.84 
9.75 

HT PCT HOLPCT 
42.84 53.25 
100.CO 100.00 



IDENTIFICATION READS...SOUTH HILLS SF5 

SPECIES 

SI02 
TI02 
ZR02 
AL203 
CR203 
FE203 
FEO 
HNO 
NIO 
HGO 
CAO 
SRO 
BAO 
NA20 
K2Q 
P205 
H20+ 
H20-
503 
5 
CL 
F 
C02 

TOTAL 
-0=F,CL 
-H20 

INPUT 
HT PCT 

68.65 
0.69 
0.00 
13.48 
0.00 
0.00 
4.22 
0.07 
0.00 
0.67 
1.98 
0.00 
0.00 
3.17 
4.93 
0.15 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

98.02 
98.02 
98.02 

CATION 
PCNT 

65.79 
0.50 
0,00 
15.23 
0.00 
0.00 
3.38 
0.05 
0.00 
0.95 
2.03 
0.00 
0.00 
5.89 
6.03 
0.13 

0.00 

0.00 

COHP 
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 
-0.02 
0.00 

HT PCT MDLPCT 
AN/PL 22.95 21.93 
EN/HY 19.83 24.53 

INPUT 
HOLPCT 

76.18 
0.58 
0.00 
8.82 
0.00 
0.00 
3.92 
0.07 
0.00 
1.11 
2.35 
0.00 
0.00 
3.41 
3.49 
0.08 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

FA/OL 
DIFNDX 

DRY OX 
HOLPCT 

76.24 
0.58 

8.82 

0.00 
3.92 
0.07 

1.11 
2.35 
0.00 

3.41 
3.43 

HT PCT 
0.00 
79.50 

HET OX 
HOLPCT 

76.24 
0.58 

8,82 

0.00 
3.92 
0.07 

1.11 
2.36 
0.00 

3.41 
3.49 

0.00 

HOLPCT 
0.00 
82.25 

HIN-
ERAL 

0 
C 
2 
OR 
PL 
(AB) 
(AN) 
LC 
NE 
KP 
HL 
TH 
AC 
NS 
KS 
UO 
DI 
(HO) 
(EN) 
(FS) 
HY 
(EN) 
(FS) 

HOLE 
PCNT 

22.67 
0.00 
0.00 

30.14 
37.73 
29.45 
8.27 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.65 
0.32 
0.08 
0.24 
7.48 
1.83 
5.64 

(NAtK)/AL 
(FE+HN)/(FE+HN+HG) 

HEIGHT 
PCNT 

23.65 
0.00 
0.00 

29.13 
34.82 
26.82 
7.99 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
O.CO 
0.58 
0.33 
0.07 
0.28 
8.06 
1.60 
6.46 

HTPCT 
90.33 
89.20 

MIN­
ERAL 

OL 
(FO) 
(Fh) 
CS 
HT 
CH 
IL 
HH 
TN 
PF 
RU 
AP 
FR 
PY 
CC 

SALIC 
FEHIC 

TOTAL 

HOLPCT 
78.27 
78.24 

HOLE 
PCNT 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.99 
0.00 
0.00 
0.00 
0.00 
0.35 
0.00 
0.00 
0.00 

90.53 
9.47 

100.00 

HEIGHT 
PCHT 

O.CO 
0.00 
O.CO 
0.00 
O.CO 
0.00 
1.31 
0.00 
O.CO 
0.00 
0.00 
0.33 
0.00 
O.CO 
O.CO 

87.60 
10.43 

98.03 

NA20/(NA20tK20) 
FEO/(FEO+FE203) 

TERNARY DIAGRAHS 

HT PCT 

e 29.71 
AB 33.70 
OR 35.60 

B 50.95 
NE 18.25 
KP 20.80 

AN' 12,50 
AB 41,34 
OR 45.55 

A 62,35 
F 32.49 
H 5.16 

HOLPCT 

65.54 
17.03 
17.43 

79.60 
10.08 
10.32 

12.19 
43.40 
44.41 

57.86 
32.84 
9.23 

HT PCT HOLPCT 
39.14 49.43 
100.00 100.00 



IDENTIFICATION READS...SOUTH HILLS BQ3A 

SPECIES 

SIQ2 
TI02 
ZR02 
AL203 
CR203 
FE203 
FEO 
HNO 
NIO 
HGO 
CAO 
SRO 
BAO 
NA20 
K20 
P205 
H2D+ 
H20-
S03 
S 
CL 
F 
CD2 

.TOTAL. 
-Q=F,CL 
-H20 

INPUT 
HT PCT 

71.17 
0.65 
0.00 
12.64 
0.00 
0.00 
4.12 

. 0.05 
0.00 
0.38 
1.50 
0.00 
0.00 
3.10 
4.32 
0.29 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

. .98,23 

. 98.23 
98.23 

CATION 
PCNT 

68.44 
0.47 
0.00 
14.33 
0.00 
0.00 
3.31 
0.05 
0.00 
0.54 
1.55 
0.00 
0.00 
5.78 
5.30 
0.24 

0.00 

0.00 

COHP 
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 
-0.04 
0.00 

HT PCT HOLPCT 
AN/PL 17.45 16.62 
EN/HY 12.53 15.84 

INPUT 
HOLPCT 

78.50 
0.54 
0.00 
8.22 
0.00 
0.00 
3.80 
0.05 
0.00 
0.52 
1.77 
0.00 
0.00 
3.31 
3.04 
0.14 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

FA/OL 
DIFNDX 

DRY OX 
KOLPCT 

78.61 
0.54 

8.23 

0.00 
3.81 
0.06 

0.63 
1.78 
0.00 

3.32 
3.04 

UT PCT 
0.00 
82.39 

HETOX 
HOLPCT 

78.61 
0.54 

8.23 

0.00 
3.81 
0.06 

0.63 
1.78 
0.00 

3.32 
3.04 

0.00 

HOLPCT 
0.00 
84.85 

MIN­
ERAL 

B 
C 
Z 
OR 
PL 
(AB) 
(AN) 
LC 
NE 
KP 
HL 
TH 
AC 
NS 
KS 
UO 
DI 
(UO) 
(EN) 
(FS) 
HY 
(EN) 
(FS) 

HOLE 
PCNT 

29.46 
0.94 
0.00 

26.50 
34.65 
28.90 
5.76 
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 
6.88 
1.09 
5.79 

(NAtK)/AL 
(FE+HN)/(FE+KN*M6) 

HEIGHT 
PCNT 

30.63 
0.83 
0.00 

25.53 
31.78 
25.23 
5.55 
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 
7.55 
0.95 
5.51 

UT PCT 
87.98 
93.41 

HIH-
ERAL 

OL 
(FO) 
(FA) 
CS 
HT 
CH 
IL 
HH 
TN 
PF 
RU 
AP 
FR 
PY 
CC 

SALIC 
FEHIC 

TOTAL 

HOLPCT 
77.34 
85.06 

HOLE 
PCNT 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.94 
0.00 
0.00 
0.00 
0.00 
0.53 
0.00 
0.00 
0.00 

91.55 
8.44 

100.00 

HEIGHT 
PCNT 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.23 
0.00 
0.00 
0.00 
0.00 
0.59 
0.00 
0.00 
0.00 

88.77 
9.47 

98.24 

NA20/(NA20tK20) 
FEO/(rE0+FE203) 

TERNARY DIASRAHS 

S 
AB 
OR 

Q 
NE 
KP 

AN 
AB 
OR 

A 
F 
H 

HT PCT 

37.18 
31.84 
30.33 

55.15 
17.25 
17.51 

3.58 
45.77 
44.55 

52.25 
34.56 
3.19 

HOLPCT 

72.67 
14.25 
13.07 

82.33 
3.22 
8.45 

3.42 
47.25 
43.33 

58.95 
35.25 
5.80 

UT PCT HOLPCT 
41.78 5: 2.17 
100.00 100.00 



IDENTIFICATION READS...SOUTH HILLS 805 

SPECIES 

SI02 
TI02 
ZR02 
AL203 
CR203 
FE203 
FEO 
HNO 
NIO 
HGO 
CAO 
SRO 
BAO 
NA20 
K20 
P2Q5 
H20+ 
H20-

• 503 

S 
CL 
F 
C02 
TOTAL 

; INPUT 
UT PCT 

71.03 
0.61 
0.00 
12.53 
0.00 
0.00 
3.95 
0.04 
0.00 
0.24 
1.14 
0.00 
0.00 
3.13 
4.55 
0.13 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 

97.35 
-0=F,CL 97.35 
-H20 97.35 

CATION 
PCNT 

68.85 
0.44 
0.00 
14.32 
0.00 
0.00 
3.20 
0.03 
0.00 
0.35 
1.18 
0.00 
0.00 
5.88 
5.63 
0.11 

0.00 

0.00 

COHP 
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 
-0.02 
0.00 

UT PCT HOLPCT 
AN/PL 15.36 14.61 
EN/HY 8.64 11.06 

INPUT 
HOLPCT 

73.11 
0.51 
0.00 
8.23 
0.00 
0.00 
3.68 
0.04 
0.00 
0.40 
1.36 
0.00 
0.00 
3.38 
3.23 
0.05 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

FA/OL 
DIFNDX 

DRY OX 
HOLPCT 

79.15 
0.51 

8.23 

0.00 
3.68 
0.04 

0.40 
1.36 
0.00 

3.38 
3.23 

HT PCT 
0.00 
83.47 

HET OX 
HOLPCT 

79.16 
0.51 

8.23 

0.00 
3.58 
0.04 

0.40 
1.36 
0.00 

3.38 
3.23 

0.00 

HOLPCT 
0.00 
85.73 

MIN­
ERAL 

B 
C 
Z 
OR 
PL 
(AB) 
(AN) 
LC 
NE 
KP 
HL 
TH 
AC 
NS 
KS 
UO 
DI 
(HO) 

(EN) 
(FS) 
HY 
(EN) 
(FS) 

HOLE 
PCNT 

29.18 
0.79 
0.00 

28.13 
34.45 
29.42 
5.03 
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 
6.27 
0.59 
5.58 

(NAtK)/AL 
(FE+HN)/(FE+HN+H6) 

HEIGHT 
PCNT 

30.10 
0.70 
0.00 

25.89 
31.29 
26.49 
4.81 
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 
6.92 
0.50 
6.32 

HT PCT 
91.97 
95.54 

HIN-
ERAL 

OL 
(FO) 
(FA) 
CS 
HT 
CH 
IL 
HH 
TN 
PF 
RU 
AP 
FR 
PY 
CC 

SALIC 
FEHIC 

TOTAL 

HOLPCT 
80.40 
90.32 

HOLE 
PCNT 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.89 
0.00 
0.00 
0.00 
0.00 
0.28 
0.00 
0.00 
0.00 

92.55 
7.45 

100.00 

' 

HEIGHT 
PCHT 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.15 
0.00 
0.00 
0.00 
0.00 
0.31 
0.00 
0.00 
0.00 

88.97 
8.33 

97.35 

NA20/(NA20tK2Q) 
FEO/(FE0+F£203) 

TERNARY DIAGRAHS 

UT PCT 

B 36.05 
AB 31.73 
OR 32.21 

B 54.51 
NE 17.19 
KP 18.31 

AN 8.26 
AB 45.52 
OR 46.22 

A 54.70 
F 33.28 

H 2.02 

HOLPCl 

71.71 
14.45 
13.83 

81.93 
9.23 
8.83 

8.04 
47.00 
44.95 

51.85 
34.42 

3.73 

HT PCT HOLPCT 
40.76 51.11 
100.00 100.00 



IDENTIFICATION READS...SOUTH HILLS 803-2 

SPECIES 

SI02 
TI02 
ZR02 
AL203 
CR203 
FE203 
FEO 
HNO 
NIO 
HGO 
CAO 
SRO .. 
BAO 
NA20 
K20 
P205 
H20+ 
H20-
503 
5 
CL 
F 
C02 

TOTAL 
-0=F,CL 
-H20 

INPUT 
HT PCT 

71.81 
0.64 
0.00 
12.71 
0.00 
0.00 
4.10 
0.07 
0.00 
0.49 
1.70 

._(L00.. 
0.00 
3.28 
4.38 
0.15 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

99.33 
99.33 
99.33 

CATION 
PCNT 

68.14 
0.46 
0.00 
14.22 
0.00 
0.00 
3.25 
0.06 
0.00 
0.69 
1.73 

_-0.00 . 
0.00 
6.03 
5.30 
0.12 

0.00 

0.00 

COHP 
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 
-0.02 
0.00 

UT PCT HOLPCT 
AN/PL 20.19 13.25 
EN/HY 15.53 13.53 

INPUT 
HOLPCT 

78.17 
0.52 
0.00 
8.15 
0.00 
0.00 
3.73 
0.07 
0.00 
0.80 
1.98 

...0.00 
0.00 
3.45 
3.04 
0.07 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

FA/QL 
DIFNDX 

DRY OX 
HOLPCT 

78.23 
0.52 

8.16 

0.00 
3.74 
0.07 

0.80 
1.98 

.0,00 

3.46 
3.04 

HT PCT 
0.00 
82.74 

HETOX 
HOLPCT 

78.23 
0.52 

8.16 

0.00 
3.74 
0.07 

0.80 
1.98 

. . 0.00 . 

3.45 
3.04 

0.00 

HOLPCT 
0.00 
84.30 

HIH-
ERAL 

B 
C 
Z 
OR 
PL 
(AB) 
(AN) 
LC 
NE 
KP 
HL 

-.TH.. 
AC 
NS 
KS 
UO 
DI 
(UO) 
(EN) 
(FS) 
HY 
(EN) 
(FS) 

HOLE 
PCNT 

27.61 
0.00 
0.00 

26.51 
37.37 

30.17 
7.20 
0.00 
0.00 
0.00 
0.00 

. .0.00. 
0.00 
0.00 
0.00 
0.00 
0.35 
0.18 
0.03 
0.14 
6.92 
1.35 
5.57 

(NAtK)/AL 
(FE+HN)/(FE+HN+H6) 

HEIGHT 
PCNT 

29.10 
0.00 
0.00 

25.83 
34.78 
27.75 
7.02 
0.00 
0.00 
0.00 
0.00 

. .Q.Op. 
0.00 
0.00 
0.00 
0.00 
0,37 
0.18 

• 0.03 
0.15 
7.53 
1.19 
6.44 

HT PCT 
90.22 
91.65 

HIN-
ERAL 

OL 
(FO) 
(FA) 
CS 
HT 
CH 
IL 
HM 
TN 
PF 
RU 

. .AP. 
FR 
PY 
CC 

SALIC 
FEHIC 

TOTAL 

HOLPCT 
73.75 
82.70 

HOLE 
PCHT 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.31 
0.00 
0.00 
0.00 
0.00 

. .0.32 

0.00 
0.00 
0.00 

31.43 
8.51 

100.00 

HEIGHT 
PCNT 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.22 
0.00 
0.00 
0.00 
0.00 
0.35 . . 

0.00 
0.00 
0.00 

83.75 
3.58 

33.34 

NA2Q/(NA20tK2Q) 
FEO/(FEO^FE203) 

TERNARY DIAGRAHS 

WT PCT 

Q 35.17 
AB 33.55 
OR 31.23 

8 54.05 
NE 18.17 
KP 17.78 

AN 11.53 
AB 45.75 
OR 42.67 

A 62.53 
F 33.47 
H 4.00 

,»;oLPCi 

70.83 
15.43 
13.51 

81.60 
3.73 
8.50 

11.27 
47.23 
41.50 

58.95 
33.84 
7.21 

HT PCT HOLPCT 
42.82 53.23 
100.00 100.00 



IDENTIFICATION READS...SOUTH HILLS GULl 

SPECIES 

SI02 
TI02 
ZR02 
AL203 
CR203 

FE203 
FEO 
HNO 
NIO 
HGO 
CAO 
SRO 
BAO 
NA20 
K20 
P205 
H20+ 
H20-
503 
S 
CL 
F 
C02 
TOTAL 

i INPUT 
UT PCT 

73.76 
0.28 
0.00 
11.90 
0.00 

0.00 
2.01 
0.02 
0.00 
0.06 
0.27 
0.00 
0.00 
3.07 
5.34 
0.05 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

96.76 
-0=F,CL 96.75 
-H20 

i 

1 

96.76 

CATION 
PCNT 

71.70 
0.20 
0.00 
13.63 
0.00 
0.00 
1.63 
0.01 
0.00 
0.09 
0.28 
0.00 
0.00 
5.79 
6.62 
0.04 

0.00 

0.00 

. COHP 
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 

UT PCT HOLPCT 
\N/PL 
EN/HY 

3.75 
4.38 

3.54 
5.58 

INPUT 
HOLPCT 

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 
3.33 
3.81 
0.02 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

FA/OL 
DIFNDX 

DRY OX 
HOLPCT 

82.47 
0.24 

7.84 

0.00 
1.88 
0.02 

0.10 
0.32 
0.00 

3.33 
3.81 

HTPCT 
0.00 
90.98 

HET OX 
HOLPCT 

82.47 
0.24 

7.84 

0.00 
1.88 
0.02 

0.10 
0.32 
0.00 

3.33 
3.81 

0.00 

HOLPCT 
0.00 
94.56 

MIN­
ERAL 

0 
C 
Z 
OR 
PL 

., (AB) 
(AN) 
LC 
NE 
KP 
HL 
TH 
AC 
NS 
KS 
HO 
DI 
(UO) 
(EN) 
(FS) 
HY 
(EN) 
(FS) 

HOLE 
PCNT 

32.52 
0.80 
0.00 

33.11 
29.99 
28.93 
1.06 
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 
3.06 
0.17 
2.89 

(HA+K)/AL 
(FE+HN)/(FE+HN+HG) 

HEIGHT 
PCNT 

33.45 
0.70 
0.00 

31.55 
25.99 
25.98 
1.01 
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 
0.15 
3.26 

HT PCT 
106.55 
97.75 

HIN-
ERAL 

OL 
(FO) 
(FA) 
CS 
HT 
CH 
IL 
HH 
TN 
PF 
RU 
AP 
FR 
PY 
CC 

SALIC 
FEHIC 

TOTAL 

HOLPCT 
91.01 
94.99 

HOLE 
PCNT 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.41 
0.00 
0.00 
0.00 
0.00 
O.ll 
0.00 
0.00 
0.00 

96.42 
3.58 

100.00 

HEIGHT 
PCNT 

0.00 
0.00 
0.00 
«.0« 
0.00 
0.00 

0.53 
0.00 
0.00 
0.00 
0.00 
0.12 
0.00 
0.00 
0.00 

92.70 
4.06 

96.75 

NA20/(NA2Q+K2Q) 
FE0/(FE0+FE203) 

TERNARY DIAGRAHS 

8 
AS 
OR 

6 
NE 
KP 

AN 
AB 
OR 

A 
F 
H 

HT PCT 

36.77 
28.55 
34.68 

54.82 
15.47 
19.71 

1.73 
44.37 
53.90 

80.25 
19.18 
0.57 

HOLPCT 

72.38 
12.83 
14.74 

82.21 
8.30 
9.49 

1.58 
45.85 
52.47 

78.28 
20.52 
I.IO 

HTPCT HOLPCT 
3( i.50 45.63 
100.00 100.00 



IDENTIFICATION READS...SOUTH HILLS GUL2-2 

SPECIES 

SI02 
TIQ2 
ZR02 
AL203 
CR203 
FE203 
FEO 
HNO 
NIO 
HGO 
CAO 
SRO 
BAO 
NA20 
K20 
P2Q5 
H2Q+ 
H2Q-
503 
S 
CL 
F 
CQ2 

TOTAL 
-Q=F,CL 
-H20 

INPUT 
UT PCT 

71.62 
0.30 
0.00 
11.64 
0.00 
0.00 
2.21 
0.02 
0.00 
0.07 
0.46 
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 
37.90 
97.90 

CATION 
PCNT 

"71.59 
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 

COHP 
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 

UT PCT HOLPCT 
AN/PL 
EN/HY 

5.76 
4.62 

5.44 
5.98 

.INPUT 
HOLPCT 

82.27 
0.25 
O.CO 
7.56 
0.00 
0.00 
2.04 
0.02 
0.00 
0.12 
0.54 
0.00 
0.00 
3.45 
3.71 
0.03 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

FA/OL 
DIFNDX 

DRY OX 
HOLPCT 

82.30 
0.25 

7.57 

0.00 
2.04 
0.02 

0.12 
0.54 
0.00 

3.45 
3.71 

HT PCT 
0.00 
91.55 

HET OX 
HOLPCT 

82.30 
0.25 

7.57 

0.00 
2.04 
0.02 

0.12 
0.54 
0.00 

3.45 
3.71 

0.00 

HOLPCT 
0.00 
94.27 

HIN-
ERAL 

Q 
C 
Z 
OR 
PL 
(AB) 
(AN) 
LC 
NE 
KP 
HL 
TH 
AC 
NS 
KS 
UO 
DI 
(UO) 
(EN) 
(FS) 
HY 
(EN) 
(FS) 

MOLE 
PCNT 

31.82 
0.00 
0.00 

32.36 
31.82 
30.09 
1.73 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.13 
0.06 
0.00 
0.06 
3.29 
0.20 
3.09 

(NAtK)/AL 
(FE+HN)/(FE+HN+HG) 

HEIGHT 
PCNT 

33.12 
0.00 
0.00 
31.20 
29.00 
27.33 
1.67 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.14 
0.05 
0.00 
0.07 
3.70 
0.17 
3.53 

HT PCT 
110.04 
97.52 

HIN-
ERAL 

OL ' 
(FO) 
(FA) 
CS 
HT 
CH 
IL 
HH 
TN 
PF 
RU 
AP 
FR 
PY 
CC 

SALIC 
FEHIC 

TOTAL 

HOLPCT 
94.74 
94.70 

HOLE 
PCNT 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.43 
0.00 
0.00 
0.00 
O.CO 
0.15 
0.00 
0.00 
0.00 

96.00 
4.00 

100.00 

HEIGHT 
PCNT 

0.00 
0.00 
0.00 
O.C-0 
O.CO 
0.00 
0,57 
0.00 
0.00 
0.00 
O.CO 
0.17 
0.00 
0.00 
0.00 

33.32 
4.57 

97.30 

NA20/(NA20+K20) 
FE0/(FE0+FE203) 

TERNARY DIAGRAHS 

Q 
AB 
OR 

Q 
NE 
KP 

AN 
AB 
OR 

A 
F 
H 

UT PCT 

35.14 
29.82 
34.04 

64.50 
15.15 
19.34 

2.77 
45.40 
51.83 

78.87 
20.48 
0.55 

HOLPCT 

71.82 
13.53 
14.50 

81.98 
8.68 
9.34 

2.70 
46.38 
50.42 

75.90 
21.87 
1.23 

HT PCT HOLPCT 
37.95 48.18 
100.00 100.00 



UNIVERSITY OF UTAH RESEARCH INSTITUTE 

EARTH SCIENCE LABORATORY 
391 CHIPETA WAY, SUITE C 

SALT LAKE CITY, UTAH 84108-1295 
TELEPHONE 801-524-3422 

M E M O R A N D U M 

TOs Ben L u n i s 

Peggy Brookshier 

FROM: Howard Ross 

SUBJECT: Charles Waag Report on the Boise Geotherfflal System 

DATE: September 4, 1987 

I have reviewed the revised (second?) dra-ft o-f the untitled 
report by Dr. Waag. My copy of this revision was limited to the 
SUMMARY, INTRODUCTION, and HYDROLOGIC SETTING ANO DATA GATHERING 
sections, pg- 1-1 to 2-48. 

These sections seem to read better than the earlier dra-ft 
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-f gallons per minute (K6PM) 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 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. Portions 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. I believe that Waag states 
the observations 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 ODE, however. 



Please 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. 

Howard Ross 
Project Manager 



UNIVERSITY OF UTAH RESEARCH INSTITUTE 

UURI 
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, 

Howard Ross 
Project Manager 

cc: P. A. M. Brookshier 
S. M. Prestwich 

enc. 

HPR:kr 



COMMENTS, DR. CHARLES WAAG REPORT 2nd DRAFT 
2 

1. Report needs a title and cover page 

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

3. Report needs a List of Illustrations and Tables. 

4. Report needs a Table of Contents 

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

6. Pg. 1-2; para 3, 1. 1 delete "and exploitation" 

7. Pg. 1-2, para 3, 1. 2 delete "an annual" 

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

9. 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 ..." 

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

11. 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." 

12. 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 ..." 

13. 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." 

14. p. 1-6, Comment: High recovery indicated by data taken 
since this spring by the City do not appear to be 
acknowledged. 



COMMENTS, DR. CHARLES WAAG REPORT 2nd DRAFT 
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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 1, 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) 

21. p. 2-7, para 1, 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, Conunent: 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 
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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. 
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UNIVERSITY OF UTAH RESEARCH INSTITUTE 

EARTH SCIENCE LABORATORY 
391 CHIPETA WAY, SUITE C 

SALT LAKE CITY, UTAH 84108-1295 
TELEPHONE 801-524-3422 

M E M O R A N D U M 

TO: Ben L u n i s 

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 
report 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 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 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 aiCicur^atte representation of the more 
detailed discussion in section 2. Portions 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. I believe that Waag states 
the observations 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. 



Please 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. 

' ^ ^ a > ^ < , ^ a ' ^ 

Howard Ross 
Project Manager 
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PROGRESS REPORT ON 
BOISE GEOTHERMAL SYSTEM 

The fo l lowing is an in i t ia l summary of ac t iv i ty and data gathered under Geothermal Project 

Contract #DWR-03-42- l02-6l , Evaluation of Geothermal Resources in Idaho. Although the 

contract was not f i r m unt i l mid-September, data col lect ion under the agreement began in 

June 1985. 

BOISE WARM SPRINGS WATER DISTRICT 
(BWSWD) WELLS NOs 1 and 2 

Water levels wi th in BWSWD wells I and 2, the pumping wells (Fig. 1), did not recover 

suf f ic ient ly to f low at the surface this year. The maximum recovery wi th in those wells 

was to wi th in 15 feet of the pumphouse floor and occurred during late August 1985. It is 

worthy of note that surface f low 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 1 and 2. Figure 2 also shows withdrawals f rom the geothermal system by Well //2 

which is the principal pumping well in the Warm Springs D is t r i c t system. 
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BWSWD WELL NO. 3 

(Observation) 

Maximum recovery in BWSWD Well No. 3 (see data in Table 1) occurred on August 30, 

1985, at 41.8 f t below the collar. In response to withdrawals by BWSWD Well No. 2, the water 

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

KANTA WELL 
(Observation) 

The Kanta Well ( f ig. 1) is being monitored using a Stevens "F" type recorder. Unt i l October 

11, 1985, we were using an "A" recorder, however, i t lacked the desired sensit ivity so we 

have switched to an "F" type. Table II presents weekly readings f rom 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 col lar. 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 fa l l wi th in 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 di f ference of approximately 3.5 feet. 



BLM (BEH) WELL 
(Observation) 

Owing to the delay in receiving the contract in finai^ f o rm, a continuous recording system 

has not yet been placed on the BLM Well (Fig. 1). We are, however, monitoring the well 

using a 30 psi pressure gauge in the lowest port on the casing. Measured pressures f rom 

the well are l isted in Table III . A l l readings to date, show a posit ive pressure wi th maximum 

pressure recorded on September 4, 1985 at 4.9 psi (+10.4 f t . ) . 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 f rom the Idaho 

Department of Water Resources, repaired; however, those instruments have a history of 

being fraught wi th problems. Current ly we are planning to monitor wi th a data logger available 

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

KOCH WELL 

0'hS£.E-^^'n o rS 

A Stevens "F" type recorder has been installed on the Koch Well , however, we have had 

d i f f i cu l t y obtaining good records. The observation well is approximately 8 feet f rom the 

pumping wel l . This close prox imi ty causes the water level in the observation well to f luctuate 

5-7 feet and to respond immediately to water level changes in the pumping wel l . These 

large drawdowns and recoverys, in addition to other water- level f luctuat ions in the wel l , 

require large counter weight movements. Unfortunately, the well bore is small , 3 inches 

in diameter, and cannot accommodate the counter weight. We are t ry ing special riggings 

wi th pulleys for the counter weight and expect to have more complete data in the near future. 
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FIGURE 1. 



TABLE I 

WATER LEVELS (DEPTH BELOW COLLAR) 

BWSWD WELL //3 

DATE 

6/3 

6/4 

6/5 

6/6 

6/11 

6/12 

6/13 

6/18 

6/19 

6/20 

6/21 

6/22 

6/23 

6/24 

6/25 

6/26 

6/27 

6/28 

6/29 

6/30 

FEET 

80,9 

79.1 

70.7 

76.7 

70.7 

70.9 

70.3 

67.1 

65.8 

64.7 

64.4 

63.6 

62.3 

62.0 

61.2 

61.1 

60.4 

59.2 

58.5 

57.8 

DATE 

7/1 

7/13 

7/14 

7/15 

7/17 

7/18 

7/19 

7/21 

7/22 

7/24 

7/25 

7/26 

7/29 

7/30 

FEET 

57.6 

49.8 

49.3 

48.8 

48.2 

47.9 

47.5 

42.2 

46.3 

46.3 

46.5 

46.5 

46.2 

46.1 

DATE 

8/1 

8/2 

8/3 

8/4 

8/5 

8/6 

8/7 

8/9 

8/10 

8/11 

8/13 

8/20 

8/21 

8/26 

8/30 

FEET 
1 

45.^ 

46.6 

46.2 

45.8 

45.6 

45.3 

44.8 

45.7 

45.2 

46.0 

45.8 

43.9 

44.0 

43.2 

41.8* . 

DATE 

9/1 

9/2 

9/3 

9/4 

9/9 

9/10 

9/II 

9/12 

9/16 

9/18 

9/22 

9/23 

9/26 

9/27 

9/30 

FEET 

42.7 

46.1 

48.5 

48.7 

50.0 

54.5 

55.6 

57.6 

60.0 

63.0 

66.9 

67.5 

66.9 

67.8 

73.1 

DATE 

10/4 

10/7 

10/8 

10/9 

10/12 

10/13 

10/14 

10/15 

10/16 

10/17 

10/18 

10/25 

FEET 

76.6 

78.6 

79.8 

81.7 

85.3 

86.4 

87.4 

88.5 

89.1 

89.9 

90.3 

91.75 

•Recovery Peak 



TABLE II 

WATER LEVEL (DEPTH BELOW COLLAR) 

KANTA WELL 

DEPTH TO EL. OF WATER 
DATE WATER LEVEL LEVEL (FEET) 

6/1/85 

6/7 

6/14 

6/21 

6/28 

7/5 

7/12 

7/19 

7/26 

8/2 

8/9 

8/16 

8/23 

8/30 

9/3 

9/7 

9/14 

9/21 

9/28 

10/5 

10/11 

10/13 

10/18 

10/25 

45.7 

45.2 

44.1 

42.9 

41.8 

40.6 

39.9 

38.9 

38.2 

37.6 

37.1 

37.45 

36.2 

35.7 

35.38* 

36.4 

37.0 

37.5 

37.7 

38.9 

39.9 

40.2 

41.75 

42.35 

•Recovery Peak 



TABLE 111 

PRESSURES AND EQUIVALENT WATER LEVELS 

BEH (BLM) WELL 

EQUIVALENT H20 
DATE 

6/4/85 

6/26 

7/24 

7/31 

August 

9/4 

9/27 

10/11 

PSI 

0.2 

2.0 

3.8 

4.0 

4.7 

4.9 

4.5 

3.4 

LEVEL (FEET) 

(+0.5) 

(+4.6) 

(+8.8) 

(+9.24) 

(+10.8) 

(+11.3) 

(+10.4) 

(+7.8) 

10/25 2.5 (+5.8) 



TABLE IV 

KOCH WELL 
(Observation) 

WATER LEVEL 
DATE (Depth Below Surface) 

6/4 

7/31 

7/31 

8/3 

8/7 

8/11 

8/15 

8/22 

8/26 

8/30 

9/3 

10/25 

-55.22 

-59.72 

-62.5 

-60.0 

-59.1 

-59.8 

-59.75 

-59.6 

-59.35 

-59.2 

-59.1 

-61.5 



EAST WELL DRAWDOWN £>HJ::::>aJIJ ̂ s«l-<-. /v/cv .*. ( ̂  r . ^^JeU-. AJ&. 2.J 
THE CF\-OBSES REPRESENT THE FLOW RATE AND THE ASTERISKS THE DRAW DOWN 

THE FLOW RANGED FROM A MIN. OF 0.000 TO A MAX. OF 0.709 (1000 GAL/MIN.) 
THE DRAW DOWN RANGED FROM A MIN. OF 21.50 TO A MAX. DF 78.00 (FEET) 

+ +• -I-+ + + 

6/10/85 -f 
-I-+ + + + + + 

6/20/85 + + 
-I-+ 
+ 

7/ 1/85 

7/10/85 

7/20/85 

-(-
H-+ + + + + +• + + -I-
•+ 
-I-+ 

+• + + 
•+ •+ •+ + + + 

8/ 1/85 

8/10/85 

-I-
+ 
+ 

+ + 

•+ + 
•+ 
H-+ 

+• + 

-I-
•+ 

H-

+ 
+ 
•4-

* 
* 

* 
* 
* 
•X-
•X-

•X-
* 
•X-
•X-
* 
•X-

•X-
•X-

* 
•X-
* 

* 

•X-

•K 

•X-
* 
•X 
•X-

•X-
* 
* 
* 

•X-
* * 
•X 
* 
* 
•X-

•X-
* 
•X-

* 

* 
•X-
* 
* 
•X-

•X-

•X-
* 

•X-



^o j s i oo dJ^cc^ AJO. IZ 
THE CROSSES REPRESENT THE FLOW RATE AND THE ASTERISKS THE DRAW DOWN 

THE FLOW RANGED FROM A MIN. OF 0.000 TO A MAX. OF 0.709 (1000 GAL/MIN.) 
THE DRAW DOWN RANGED FROM A MIN. OF 20.00 TO A MAX. OF 92.50 (FEET) 

6/10/85 

6/20/85 

7/ 1/a^ 

7/10/aS 

7/20/85 

+• 
-I-
+ 
+ 
• I -

+ 
+ 
+ 
•+ 
+• 
+ 
+ 
+• 
+ 
+ 
+ 
-I-
+ 

+ + •+ 
+ 
+ 
+ 
•+ 
•+ 
-1-
+ 
+ 
+ 
+ 
+ 
-1-
+ 
+ 
+• 
+ 
+ 
• 1 -

• + • 

+• 
•+ 
+• 
+ 

8/ 1/B5 

8/10/85 

8/20/85 

9/ 1/85 

9/10/85 

9/20/85 

10/ 1/85 

5r 

1̂  
-1̂  

r! 



U s e Sbd« Ofliv. 

f o r one of t h e p a r t i e s to a c o n t r a c t t h e p e r f o r m a n c e of an 

o b i x g h i Ion u n d e r t h e c o n t r a c t . Tne te rm " d e l e i ^ a t e " i n c l u d e s , 

b u t i s no t l i m i t e d t o , a s u b c o n t r a c t o r . 

2 . DESIGNATION _0P PROJECT COORDINATOR 

A. The D e p a r t m e n t ' s P r o j e c t C o o r d i n a t o r s h a l l be Leah S t r e e t , 

who s h a l l be t h e D e p a r t m e n t ' s r e p r e s e n t a t i v e f o r a d m i n i s t r a ­

t i o n of t h i s C o n t r a c t . 

B . The C o n t r a c t o r ' s P r o j e c t C o o r d i n a t o r s h a l l be D r . C h a r l e s J . 

Waag. The C o n t r a c t o r ' s P r o j e c t C o o r d i n a t o r s h a l l be t h e 

C o n t r a c t o r ' s r e p r e s e n t a t i v e f o r a d m i n i s t r a t i o n of t h e 

C o n t r a c t and s h a l l have f u l l a u t h o r i t y t o a c t on b e h a l f of 

t h e C o n t r a c t o r . 

C. A l l c o r a m u n i c a t i o n s g i v e n to a p a r t y ' s p r o j e c t c o o r d i n a t o r 

s h a l l be a s b i n d i n g a s i f g i v e n t o t h e p a r t y . 

D. The D e p a r t m e n t ' s D i r e c t o r o r a n y o n e a u t h o r i z e d t o a c t on h i s 

b e h a l f may c h a n g e t h e D e p a r t m e n t ' s P r o j e c t C o o r d i n a t o r a t any 

t i m e by w r i t t e n n o t i c e s e r v e d on t h e C o n t r a c t o r . The 

C o n t r a c t o r may c h a n g e i t s P r o j e c t C o o r d i n a t o r a t any t i m e by 

w r i t t e n n o t i c e s e r v e d on t h e D e p a r t m e n t . 

•̂  • STATKl'lZl.T OF PUuFOGE 

The p u r p o s e of t h i s C o n t r a c t i s t o g a t h e r d a t a f o r a p r e l i m i . -

n a r y a n a l y s i s of w a t e r - l e v e l and p r e s s u r e f l u c t u a t i o n s w i t h i n 

t h e i i o i s e g e o t h e r m a l s y s t e m . 

u>/ 
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A 

SCOPE OE WORK 

Task 1. Establish Monitoring î etwork 

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. 

Tfie Contractor shall make every effort to include the 

following six wells in the monitoring network: 

Karta Well 

Boise Warm Springs Water District Mo. 1 Well 

Boise V/arm Springs Water District iJo. 2 Well 

Boise Warm Springs Water District No. 3 W'ell 

° BEH (BLM) Well 

Koch Observation Well 

In the event that any of the above wells cannot be monitored, 

other available wells shall be selected and upon mutual 

agreement by both parties be made part of the monitoring net­

work so that a total of six (5) wells are monitored. 

E. Task I n s t a l l a t i o n of Eouirment 

The C o n t r a c t o r s h a l l i n s t a l l the m o n i t o r i n g equipment in t he 

s e l e c t e d w e l l s . The C o n t r a c t o r s h a l l be r e s p o n s i b l e for t h e 

p u r c t i a s e , c a r e and m a i n t e n a n c e of t h i s equ ipmen t . 

Task y Data C o l l e c t i o n 

The C o n t r a c t o r s h a l l moni t o r wa te r l e v e l f l u c t u a t i o n s or 

p r e s s u r e changes on a l l t he s i x (6) w e l l s s e l e c t e d fo r t h i s 
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study as specified in Task I, Subdivision A of Section 4. 

Pumpage withdrawals will be recorded on all operating wells 

selected for this study. Monitoring data shall be made for 

nine (9) consecutive months within the duration of this 

cont ract. 

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 Department shall he 

notified immediately. 

Task 4 . ive port ing Requirements 

The Contractor shall submit a final technical report that 

will be a comprehensive report on the Boise geothermal 

system. This report will analyze all available data on 

seasonal water-level changes, drawdown effects of pumpage and 

aquifer characteristics and boundaries. 

Available geologic and hydrologic data, including water che­

mistry, on all wells identified 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 understanding of the 

characteristics of the Boise geothermal system. 

The Contractor shall also submit the following periodic 

progress reports to the Department: 

i) ^lOnthly Progress Summaries: 

The Contractor shall submit monthly summaries within 15 

days of the month's end which summarize the past month's 
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PUBLIC WORKS DEPARTMENT 
CITY HALL - 4TH rLOOH 
(20«) 384•4292 

C n r OF TREES BOISE CITY. IDAHO 
DIRK A. KEMPTHORNE 

MAYOR 

October 1, 1987 

COUNCIL MEMBERS 
H. BRENT COLES. COUNCIL PRESIDENT 
MIKE WETHERELL. COUNCIL PROTEM 
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 Auifust 
1986 proposal. 

I have gone ahead and updated that table 
certain of the assumptions made in the A ̂x^^ls^gef ified ttal. 

:T7 1987 

P O S T O F F I C E B O 

A N E Q U A L 

A. jvA '^CiD lfCH>*3<Oe3V; 

X 5 0 0 • B O I S E . I D A H O 
O P P O R T U N I T Y E M P L O Y E R 
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Peggy Brookshier 
October 1, 1987 
Page 2 

For existing customers, we have utilized 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 
will see a 2.94% 
will see a 4.63% 
for year 1988. 

1, 1987 the general commercial customers 
rate increase and the large volume users 
increase. Those percentages were utilized 
Beginning in 1989, the revenues were 

escalated based on an annual 4% inflation rate. 

3) Updated schedule: 

BSU Easement Acquisition 

BSU Pipeline Design 

BSU Pipeline Construction 

Boise River Crossing Design 
Boise River Crossing Construction 

10/87 - 11/87 

11/87 - 2/88 

5/88 - 8/88 

Spring 1988 
8,9/88 

Customer Connections: 

Art Gallery 

Forest River VI 

Statehouse Inn 

10/87 

10/87 

Summer 1988 

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

4) "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 
geothetmal issues by the media. Our policy will be to 
respond to the media, upon request, and answer any questions 
that we can in a cooperative way. 

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



Peggy Brookshier 
October 1, 1987 
Page 3 

In response to the last paragraph of your letter, 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 D 
raising issues about supply of geothermal water, 
to Boise's agreement with BGL the supply of geothe 
is the responsibility of BGL. In a letter dated 
15, 1987 from BGL's attorney concerns were expre 
Boise City meeting and corresponding with Boise Wa 
Water District. We have, by letter of 9/30/87 
Boise Warm Springs Water District that any chall 
respect to water rights are the responsibility of 
enclosing a copy of the 9/30/87 letter to Boise Wa 
Water District. 

istrict is 
According 

rmal water 
September 

ssed about 
rm Springs 
, informed 
enges with 
BGL. I am 
rm Springs 

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 Idaho regarding the usage of their wells for 
injection. If 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, 

Charles R. Mickelson, P.E. / v/ 
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 

SF 
CF 
WJA 



TENTATIVE PRIORITY RA1«I^G OF PRIMARY TARGET BUILDIfK ( " P r i o r i t y L i s t " ) 

• ATTACHMENT NO, 

Building 

Art Gall6ry 
One Capitol Center 
Statehouse Inn 
Idaho First Plaza 
JB's Restaurant 
St. Luke's (new wing) 
BSU - Six Buildings (1] 
BSU - Science Ed. II [2] 
BSU - Science Ed. I [21 
Forest River VI [4] 
. p>mtowner 
Idaho Linen 
In^rial Plaza 
HoCe Building (IB6T) 
Provident 
W C A 

Family Fitness Center [5] 
Travelodge 

>ipeline 
Cost 

57,000 

$45,000 

$76,000 
$492,100 

54,070 
5145,000 

$20,000 
$50,000 

$10,000 

All 
Otter 
Costs 

Onk. 
$125,000 
$45,000 
$96,000 
$32,000 

$100,000 
$573,000 
$95,000 

$120,000 
Unk. 

$120,000 
$23,000 

$108,000 
521,000 
527,000 

$123,000 
5126,000 
528,000 

Building 
Owner's 

Cost 

Onk. 

545,000 

5100,000 
$573,000 

Unk. 
5120,000 

Grant 
Funds 
l^eeded 

57,000 
5125,000 

$45,000 
596,000 
$32,000 

$143,120 
$492,100 
$95,000 

$120,000 
$4,070 

$155,000 
$43,000 

$158,000 
$21,000 
$27,000 

$123,000 
$126,000 

$38,000 

13J 
Estimated 

Annual 
Revenue < 

56,898 
522,419 

57,824 
516,028 

54,971 
520,989 
568,432 
513,179 
515,597 

5500 
517,644 
54,794 

516,876 
52,205 
52,781 

511,219 
510,260 
$2,685 

{3J 
Ratio of 
Revenue/ 

Grant Funds 

0.985 
0.179 
0.174 
0.167 
0.155 
0.147 
0.139 
0.139 
0.130 
0.123 
0.114 
0.111 
0.107 
0.105 
0.103 
0.091 
0.031 
0.071 

[1] Simplot-Hicron, Business Building, Libî ary Learning Center, Liberal Arts building. Physical Ed. 
12] Additional BSU buildings beyond six-building package already agreed to by University. 
(3] Based upon Geothemal water rates of 7/1/87, using t decrease of gas rates fron last update. 
[4] Waste water custoraer, new construction project has been bid. Construction cost shown. 
[S] Waste water pipeline. 
(6] St. Lukes is requesting a 3 year payback on hospital funds. 

CRM (9/28/87) 
LOTOS-1/GEOPRILST 

Building, Pavilllon. 



ATTACHMENT NO. 2 

•J 

J 

TTBiE U . GRas Rnerues ticn QaottEsial 7/1/8/ u s Mtee- Boiae Oty f̂itlJr̂ d Gas E îce Scerano 

Mk CbLrty AMnistiatJcn 
AlaAaOnto: 
teay 
BalaeatyikU 
BoiM M ^ Schat 
BDiaa MiUc litrtKy 
Boiai SKiicc Qanbar 
Brjggc and Msodatss 
BAnrBia i 
OncU'S 
Gentna Statkn 

EtglHOErta: 
Elk's Ifc^tal 
rice Station N>. 1 

Qanl Oaks HaBlthcace 
Idato Clinic 
Ijgha Land t I t p a i a l 
XfahDVttacan'sKxa 
JaeSRaai PbcB Elks 
M l a c t k n 
CSd Ihlqchn BLiildirg 
M: Iirg Building 
tettaOb-tciiximn 
Sbeiner lojtiky 

IGUBUB fKM OaSTDC BUIIiX̂ Q5 

BDiaaQaiayceArt (2) (3) 
Baise State IMveraity (6 B]45)(4) 
EBU - SdenoB B). n (4) 
JWo first Baza 
IkWoLiren 
JB ' s t a fa j a r t 
0 » Opltci Oenber 
St. bJassMidiaa (nawwirg) (4) 

1987(1) 

4,484 
545 

8,893 
17,568 
4,892 

324 
ea 
501 
5U 
682 

6,428 
754 

11,455 
2,102 
3,146 
6,438 

478 
170 

18,560 
3,155 
1,489 
1,262 

439 
2,217 

11,589 

108,7U 

0 
0 
0 
0 
0 
0 
0 
0 

1988(2) 

4,618 
562 

0 
9,160 

18,095 
5,038 

334 
646 
517 
526 
702 

8,230 
776 

11,798 
2,165 
3,241 
6,631 

492 
175 

19,U7 
3,250 
1,534 
1,300 

453 
2,284 

U,937 

U3,S81 

4,000 
0 
0 
0 
0 
0 
0 
0 

1989 

4,803 
584 

0 
9,526 

18,819 
5,240 

347 
672 
S37 
547 
731 

15,500 
807 

U,270 
2,252 
3,350 
6,896 

512 
1B2 

19,882 
3,380 
1,595 
1,352 

471 
2,375 

12,415 

125,065 

7,389 
103,907 
20,011 
17,1» 
4,890 
5,325 

24,015 
88,103 

1990 

4,995 
608 

0 
9,907 

19,572 
5,449 

361 
699 
559 
569 
760 

16,120 
840 

12,761 
2,342 
3,505 
7,172 

S32 
189 

20,677 
3,515 
1,659 
1,406 

490 
2,470 

12,911 

130,068 

7,685 
108,063 
20,811 
17,856 
5,086 
5,538 

24,976 
91,627 

1991 

5,195 
632 

0 
10,303 
20,355 
5,667 

375 
727 
581 
592 
790 

16,765 
873 

13,272 
2,436 
3,645 
7,459 

553 
197 

21,504 
3,655 
1,725 
1,462 

509 
2,569 

13,428 

135,271 

7,992 
112,386 
21,614 
18,570 
5,289 
5,759 

25,975 
95,292 

1992 

5,403 
657' 

0 
10,716 
21,169 
5,894 

390 
756 
604 
616 
822 

17,435 
908 

13,802 
2,533 
3,791 
7,758 

575 

aos 
22,365 
3,802 
1,794 
1,520 

S 3 
2,671 

13,965 

140,682 

8,312 
116,881 
22,510 
19,3U 
5,501 
5,990 

27,014 
99,104 

1993 

5,619 
683 

5,679 
U,144 
22,015 
6,130 

406 
786 
628 
640 
855 

18,133 
944 

14,355 
2,635 
3,943 
8,068 

599 
213 

23,259 
3,954 
1,866 
1,581 

551 
2,778 

14,523 

151,988 

8,644 
121,557 
23,410 
20,086 
5,721 
6,229 

28,094 
103,068 

1994 

5,M4 
711 

7,061 
11,590 
22,896 
6,375 

422 
813 
654 
666 
889 

18,853 
982 

14,929 
2,740 
4,101 
8,391 

622 
222 

24,189 
4,U2 
1,941 
1,645 

573 
2,889 

15,104 

159,222 

8,990 
126,419 
24,346 
20,889 
5,949 
6,479 

29,218 
107,191 

1995 

6,077 
739 

7,343 
12,054 
23,812 
6,630 

439 
851 
680 
693 
924 

19,612 
1,022 

15,526 
2,850 
4,265 
8,726 

647 
230 

25,157 
4,276 
2,018 
1,710 

596 
3,005 

15,708 

165,591 

9,349 
Ul,476 
25,320 
21,725 
6,187 
6,738 

X,387 
111,478 

1996 

6,320 
769 

7,637 
12,536 
24,764 
6,895 

4S« 
885 
707 
720 
961 

20,397 
1,062 

16,147 
2,964 
4,435 
9,075 

673 
240 

26,163 
4,447 
2,099 
1,779 

619 
3,125 

16,337 

172,214 

9,723 
136,735 
26,333 
22,593 
6,435 
7,007 

31,602 
115,938 

FOQiE ncM Ns< BunrnoB 0 4,000 270,810 281,642 292,908 304,624 316,809 329,481 342,661 356,367 

(1) Ebsed on 7 / ^ n ^ 8 xtfaaa. 
(2) RwamBS aiCtatKl baaad on iittB in tffiKt ](VVS7, idS. 31 inasaas 7/V87 to iq/V87 ecr aU GSl o j s l ^ ^ 
O) Baias (^iUav oC Art will taa a oustxnec only part of FY88. Itetertes fir FY89 6898 x 1.03 x 1.04 - 7,389 
(4) EEO buUdiiys t St. Utas are served ty V. l rabas. Bscal^Bl ftaa 7/VS7 estimate bo IQ/l/B? with a 4.6t rate inseass ttecx 4% 

aad) y a r tteaafba: begiinirg in 1989. 

aoBSBHaas 



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 Prospective Customers 

3.0 Customer Systems Under Construction 

4.0 BSU Pipeline 

5,0 City Extensions/Modifications 

6.0 Idaho Deparment of Water Resources 

S.EVJordan, P.E. 
Geothermal Coordinator ; 
Department of Public Works 
Boise, City, Idaho 



Item 
No. Description 

1.0 Geothermal Contracts 

1.1 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 
May'88 - Geothermal hookup 
Sept '88 - First geothennal 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 custoraer 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. 

2.7 YWCA, 720 W. Washington Present heat is gas - hot wateir. Old 
furnaces. Owner can get 3% interest loan for 
upgrading. 



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 evaluating and looking or other potential 
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 
No. Description 

3.0 Customer Systems Under Construction 

3.1 Boise Art Gallery 
Status; 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. 

3.2 Arid Club 
Status: Service line connections were completed 8/27/87. 

We will read meter and start service on request. 

3.3 Forest River VI 
Status; Design of service lines done by City. 

Contractor has completed the work except for 
tapping into wastewater main, and surface 
restoration at that location. 

3.4 Alexander Building 
Status; Service lines are included in the contract to 

bring the main lines down Main Street. (See 5.6) 



Item 
No. Description 

4.0 BSU Pipeline 

4.1 River Crossing 
Status: ^ / l / ^ l - 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. 

4.2 J-U-B Preliminary Report For Design of On-campus 
Pipeline System: 

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

4.3 On Campus 
Status; The major work by JUB is on hold pending 

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-producing 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 continue 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 Intertie 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 Idaho 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. 1^ 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 3^ year loans. 

4GE01/2 



ATTACHMENT NO. 4 

OFFICE OF THE MAYOR 

CrFY OF TREES BOISE CITY, IDAHO 

DIRK A KEMPTHORNE 
MAYOR 

September 30, 1987 

T. O'Rouark, Chairman 
noise Warm Springs Water District 
2140 Old Ponitentinry Road 
noise, Idaho 83712 

COUNCIL MEMBERS 
H. BRENT COLES. COUNCIL PRESIDENT 
MIKE WETHERELL. COUNCIL PROTEM 
SARA BAKER 
MARY TATE 
RON J. TWILEGAR 
JAY L. WEBB 

Dear Mr. O ' R o u a r k : 

Thlr. lottor ir. written in ro.Tponr.o to your letter ol: Augiir.t 20, 1937. 
Pleor.e be aclvl.sed that the City's water riijhts were a.sF.ignecl to nol.''.o 
Geothermal Limited an part ol; the Geothermal Lease anci Acjroeinent 
entered into between the City of Boise and Boise Geothermal Limited. 
Consequently, it is the position ol: the City oC Boise that it i.s the 
rosponsiblity oC Boise Geothermal Limited to respond to any challenges 
regarding priority and impairment od 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 Boise State University 
campus during the heating year of 1937-38. Since BSU will not be 
taking water 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. 

Additio'pally, as my staff has pointed out to you, the City is 
installing temperature control valves at the ends of several 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 is also purs 
Capital Mall geothermal wel 
has been forwarded to t 
preliminary response in the 
Geothermal Limited in do 
interconnecton which could 
Boise Warm Springs Water Di 
as well as uninterruptibl 
are hopeful that Boise Geot 

uing the utilizatio 
Is for use as inject 
ho Governor's of fie 
near future. We in 

voloping a forma 
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strict in the event 
e supply to the Idah 
hormal Limited will 

n of the State of Idaho 
ion wells. A request 
0 and we are awaiting a 
tend to assist Boise 
1 proposal for an 
supply of water to the 

of a mechanical failure 
o State Health Lab. We 
bo responding to this 
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matter in the very near future and we will be able to provide this 
formal proposal to your board. Please rest assured that the City is 
very anxious to resolve this geothermal supply issue which the Boise 
Warm Springs Board has raised. 

Sincerely youi.a. 

-••*^-^r 

Dirk Kempthorne 
MAYOR OF BOISE 

DK: jr 
4CM1/7 

cc: William J. Ancell 
Charles R. Mickelson 
Steve Jordan 
Jean R. Uranga 
Boise Geothermal Limited 
SF/CF 
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INVESTIGATION OF THE BOISE, IDAHO GEOTHERMAL 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 various 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 lowering of water levels 
(pressure) and/or temperature of the water thus decreasing its 
value for space heating purposes. This could o<~cur 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 Idaho 
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 surf<)r>̂ ^ or to buried 
basalt and rhyolite aqaifers 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 



•Figure 1. Boise Front Fault Area and Locations of Major Geothermal Wells. 
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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 
histoiry 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 Old 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 w i th hot water for 
almost 100 years. The quantity of water presently required 
varies with the seasonal temperature from a low 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 levels have not recovered during the summer low use 



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

BWSWD #3 was drilled in 1981 but was not successful and is 
used today only for observation of water levels in the fault 
system. Figure 2 is a record of water levels in this well since 
1982. It shows a steady decline to the present of approximately 
17 feet overall or about 4 feet per year. Unfortunately, theren^^'^ 
does not appear to be data on the water levels in the BWSWD wells C '̂  
for their first 90 years of use. JC^ 

The quantity of water produced by the BWSWD wells in recent 
years is approximately as listed in Table 1. The information is 
partially estimated due 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. Withdrawal 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. 

^y 
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Figure 2. Plot of Water Levels in BWSWD Well #3 
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State of Idaho Capitol Mall - The State drilled 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 first 
completed and placed in operation Well #2 produced fluid at about 
159®F temperature. Records kept since the beginning of us« in; 
the 1982-1983 heating season indicate tha^ the tempt:^ture of*th» 
hot water supply stream has declined slightly from *bout 159®F to 
154®F through the 1986-1987 heating season. This decline hiM3 
been at a rate of about l̂ 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 from 
information supplied by the State of Idaho. 

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 is 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 td, 

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 
1984 
1985 
1986 

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 
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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 23 psia. This is 
equivalent to a water level of +43 to +53 feet above land 
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 levels 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 =ind drew down to -48 feet below land surface in February, 
There has been a net lowering of water level at 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) - April 7, 1982 
BGL #2 - constant rate (900 gpm) - April b 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 j9̂ W;' 
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 is 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 variances 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 
4/8/82 
4/9/82 
4/10/82 
4/11/82 
4/12/82 
4/13/82 
4/14/82 
4/15/82 
4/16/82 
4/17/82 
4/18/82 
4/19/82 
4/20/82 
4/21/82 
4/22/82 
4/23/82 
4/24/82 
4/25/82 
4/26/82 
4/27/82 
4/28/82 
4/29/82 
4/30/82 

-150 
-150 
no record 
no record 
-85 
-85 
-80 
-75 
-95 
-105 
-100 
-85 
-105 
-105 
-100 
-85 
-65 
-65 
-80 
-75 
-65 
-50 -
-85 
-95 

-125 
-155 
-140 
-145 
-110 
-120 
-110 
-105 
-140 
-155 
-145 
-125 
-155 
-158 
-155 
-120 
-80 
-80 
-90 
-90 
-85 
-65 
-120 
-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 



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 feet 
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 is 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. 

Analysis 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 pximping 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 
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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 levels 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 y^ y 
a result of lack of natural recharge to the system since the ^̂ ^ <̂  \\ 
years 1983, 1984 and 1986 were all above normal. K^^VA 

y 

( 

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 level or artesian 
pressure in the geothermal aquifer 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 amr.unt 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 he ^ 

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 qpm 

Total 580 gpm 

The addition of the BSU service to the existing pumping load 
from the BGL 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. This 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 J 
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 lowering 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 Jl 
water may be lowering the overall temperature of the A ^ 
geothermal aquifer underlying the Capitol Mall areal v ^ 

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) levels in these two 
observation wells during the recent years has been as follows: 

1982 
1983 
1984 
1985 
1986 

Year BWSWD #3 

27590 
2755>^^ 
- [% 

2747.-
2742/^ 

(ft) 

The relationship is too consistent 
have declined 17-18 feet since 1982. 

BLM/VA (ft) 

2764^ 
276ir| 
2752i^>j| 
2750^^-^ 
2746J"^ 

^E 
to be coincidental. Both 

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 is 
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 zone will be transmitted primarily 
along the length of the fault zone. This will result in pressure 
reduction and water level 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 low 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 y 
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 t/ 
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 laws 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 
prior appropriation doctrine of "first in 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 priorities 
prior to July 1, 1987 were to remain valid. 

It is uncertain how this bill may affect any entity which 
holds rights to develop geothermal resources and which does not 
also 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 Resources 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 cf.<! (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. u/ 
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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 osed 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. 

i/ 

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 likely 
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 system. 

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. Its inability to continue delivery 
could be caused by any or all of the following reasons: 

1) If, 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 less 
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 legal 
action is taken which results in a limitation on the quantity of 
geothermal water which may be withdrawn from the aquifer 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 
geothemal 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 listed 
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 Jbond̂ ôr 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 taJring 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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TnormoSourco Inc. oo?] 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 me 
concerning the Boise, Idaho, geothermal system. The drawdown 
and production data indicate that the hot water syste.Ti ia 
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 EGL, 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 compressibility(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. There 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 model 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(CM) 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 leaking into shallow ground water 
aquifers because the annual swings in water levels in BWSV/D 
#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(Kh) and storativity(^Ch) agree with 
published values. This reservoir system is characterized by 
high transmissivity (higher than 3GL) 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 .T»arked response, which leads 
to the conclusion that the aquifer is extremely large. In 
reservoir terms, the boundaries are located miles away. .My 
analysis indicates that the BWSWD system will continue to 
experience reduction in water levels and ever increasing 
drawdowns. Lowering of pump levels will be necessary, but 
direct interference from BGL wells will be minimal. 

The BGL system behaves si.iiilarly. Watfsr levels ara dropping 
continuously despite relatively stable withdrawals. Analysis 
of the well tests on BGL #2 and #4 in April 1982 indicates 
very high transmissivity and low compressibility. . The 
drawdown data shows a change in slope after about 3 1/2 days 
which could be interpreted as a fault. Interestingly, 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 BWSWD 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 is 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 b-e 
expected, cumulative drawdowns observed in the BLM well were 
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 year. 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 is 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 
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geothermal aquifer, then problems could occur in maintaining 
deliveries. 

Data from the Capitol 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 #1 mixing with the produced water. The test data showed 
that both CM #1 and #2 responded to production from BGL #2. 
Thus CM #1 and #2 are in pressure communication. Again, 
whether this magnitude of te.r.perature decline is tolerable or 
not depends on the design parameters of the heating system. 
Water levels are dropping, but less quickly than in the BGL 
wells. This could be due to reinjection of water and the 
lower withdrawal rates. 

In conclusion, water levels 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 tha BWSWD and BGL areas 
may be connected to the same source but they do not behave as 
if in direct communication. In my opinion, it is essential 
that additonal data be gathered to understand the exact 
impact of additonal withdrawals from the BGL wells and 
whether 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. 

You;:^truly, 

/y>y-%^ 
' Gerald N^^i 

end: 
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aCIL D. ANDRUS 

Gowrnor 

A. KtNNrTH DUNN 

Oir«aor 

State of Idaho 

DEPARTMENT OF WATER RESOURCES 
STATE OFFICE, 450 W. Store Street. Doise. Idaho 

AAoiling address: 
Storehouse 

Doise. idoho 63720 
(206) 034-4440 

May 28 , 1987 

Keith Higginson 
106 W. 500 S. 
Suite 101 
Bountiful, UT 84010 

RE: Boise Front Wann Water Area 

Dear Keith: / 

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. 

Sincerely, 

NORMAN C. YOUNG 1 / (J 
Administrator 
Resource Administration Division 

NCY:alw 
End. 
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T04N R02E S29 t t iW 20 

2 0 ACRES TOTAL 

PLACE OF USE: SIOCNCVIER 

PLACE OF USE: HERTIN3 

PLACE OF USE: DOMESTIC 

EDraVRDS, U n V ^ S F . 
DOISE, I D 

SOURCE: GR0UM}NA3ER 

POINT OF DIVERSION: 
T04N R02E S29 SftE 

SAME AS OIHER USE 

SAME AS OIHER USE 

SAME AS OIHER USE 

1 1 - 2 2 - 1 9 2 6 IRRIGATICN 
HEMTNG 
DOMESTIC 

IRIEUIARY: 

. 8 0 CFS DECREE 
CFS 
CFS 
CFS 

. 8 0 CFS TOTAL 
AE^TOrD\L 

. 8 4 CFS 
CFS 
CFS 

. 8 4 CFS lOnVL 
AEA TOTAL 

LICENSE 



WR160 
DEPARIMENTOF VMER RESOURCES 

LisTDc OF warn Rians 

mmSSm 

05/19/87 

RIGHT 
NUrCER NAME AND ACORESS 

FRICRnY 
DKIE WA3ER USE 

USE PERIOD 
FROM TO 

MAXIMUM 
DIVERSION snoE 

63-2402 

63-2773 

63-2847 

PLACE OF USE: IRRIGATION 
'I04N R02E S29 I«ME 13 S(ME 13 

26 ACRES TOTAL 

PLACE OF USE: HEKTINS 

PLACE OF USE: DOMESTIC 

DUFRESNE, ^ALIER 
1002 HARRISON BLVD. 
BOISE, I D 83702 

SANE AS OIHER USE 

SAME AS OIHER USE 

0 7 - 1 4 - 1 9 4 9 HEATDG 
DCIGSnC 

SOURCE: GBOUCMKIER TRIEUmFY: 

OIHER USES: (VHEAT PUMP FCR 1 HCME. 

REMARKS: P /D LOTS 1 3 , BUC. 8 , UMPS A H N . , BOISE C n Y TOWGIIE. 
P/U LOTS 11 - 1 3 , BLK. 8 , LEMPS ACCN., BOISE C n Y TOWCHE. 
SEE n L E FOR P/D AID P / U . 

POINT OF DIVERSION: 
T03N R02E S03 SEtM . 

PLACE OF USE: DCMESTIC 
lOJN R02E S03 SEN^ 

PLACE OF USE: HEATDG 

NEITZEL, F . H. 
HDNELL, W. W. 
BOISE, ID 

SANE AS OIHER USE 

0 8 - 0 7 - 1 9 5 4 HEATPP 
DOMESTIC 

SOURCE: GRCUCNKIER TRIBUBVRY: 

OIHER USES: CVHEATDG HJMPS, D /2 H31ES. 

REIf\RKS: P/U S 1 5 , R2E, L 7 & 8 MESSA V l S m SUED. 

POINT OF DIVERSION: 
103N R02E S15 . SEUil 

CFS 
. 0 5 CFS 
. 0 5 CFS TOTAL 

AEA TOIAL 

LICENSE 

CFS 
. 0 4 CFS 
. 0 4 CFS TCHAL 

AFA TOTAL 

LICENSE 



VJRR160 3 TR » • 0 P i P J ^ i i a J iiL. 
DGPARIMENT OF WOUER RESOURCES 

LISTING OF WOER RIGHTS 

M S . 
05/19/87 

RIGHT 
NUMBER NAIG AID AEXRESS 

PRIORITY 
DATE WATER USE 

USE PERIOD 
FRCM TO 

HAXIMLff 
DIVERSION SDVGE 

63 -2847 F I M E OF USE: DOCSTIC 
T03N R02E S 1 5 SENW 

PLACE OF USE: HEATTNGt 

6 3 - 2 8 6 1 MEMXKIALL, J . R. 
BOISE, ID 

SAME AS OIHER USE 

0 5 - 2 1 - 1 9 5 1 IRRIGKnCN 
HEATDG 

SOURCE: QPOlNJi9irER 

POINT OF DIVERSION: 
T03N R02E S14 NEIO 

PLACE OF USE: IRRIGATION 
T03N R02E S14 ICME 

PLACE OF USE: HEKTDG 

6 3 - 3 1 5 3 STATE OF l E W D 
DEPT. OF TRANS. 
DIV. OF HW5G. 
P . O . BOK 7129 
BOISE, ID 83720 

SOURCE: GRONI^VIER 

REMARKS: 2 P/D IN SHSW, S 3 3 , T4N, R2E. 

POINT OF DIVERSION: 
T O ^ R02E S33 SW5W 

PLACE OF USE: IRRIGATICN 
T04N R02E S33 SHEW 6 

6 ACRES TOmL 

H A ^ E OF USE: HEATDG 

63-3430 STATE OF IDAHO 
DEPT. OF FISH & GAME 
P .O . BOK 25 
BOISE, ID 83720 

TRIBUIARY: 

SAME AS OIHER USE 

0 4 - 0 7 - 1 9 5 9 IRRIGATION 
HEATDG 

TRIBUOVRY: 

SAME AS ODER USE 

09-14 -1964 IRRIGATION 

HEATDG 

DOMESTIC 

04-01 10-31 

01-01 12-31 

01-01 12-31 

.09 CFS 
CFS 

.09 CFS TDIAL 
AEA TOTAL 

LICE^EE 

3.40 CFS 
3.40 CFS 
3.40 CFS TOTAL 

AFA TOTAL 

LIOEMSE 

.04 CFS LIGEI6E 
9.00 AFA 

.34 CFS 
85.00 AFA 

.04 CFS 
2.00 AEA 

.38 CFS TOTAL 
96.00 AFA TOTAL 



WRR160 
•MP 

DEBARD'ENT OF V«VIER RESOURCES 
L I S T D G OF VKTEB. R I Q n S 

MGSk. 

05/19/87 

RIGHT 
NIGER NAME AND ACCRESS 

PRIORITY 
DATE VATER USE 

USE PEEaCD 
FRCM TO 

V M J H M 
DIVERSION SD\GE 

6 3 - 3 4 3 0 SOURCE: GHOUMWOER TRIBUDVRY: 

OTHER USES: C / HEATDG & GOCLDG 

REmRKS: 2 P /D IN I B M , SBC. 1 4 , T03N, R02E. 

POINT OF DIVERSION: 
T03N R02E S14 NENW 

PLACE OF USE: TRRIGKTICN 
T03N R02E S14 NENf 2 

2 ACRES TOTAL 

. PLACE OF USE: HEKTItG 

PLACE OF USE: DCMESTIC 

63-5073 BOISE WiPM SPRINGS VKTER DIST. 
P.O. BOK 114 
BOia:, ID 83701 

SOURCE: CajJUUKTER 

OTHER USES: Gi/238 HGMES D/207 HOMES 

REMARKS: P/U 680 AC. 

POINT Cf DIVERSION: 
T03N R02E S12 SESW 

SAME AS OTHER USE 

SAME AS OTHER USE 

1 1 - 0 5 - 1 8 9 4 HEATDG 
DCMESTIC 

TRIBUIAPY: 

PLACE OF USE: 
lt)3N R02E SIO 

Sl l 

S12 
S13 
S14 

HEATDG 
NENE 
9itW 
SESE 
SESW 
ICNf 
NEIG 

a«G 
NESW 

SNSE 
HfUii 

SENE 
N € W 

NESE 
Sl*.^ 

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

12 .81 CFS SIATRY OAIH 
4.27 CFS 

12.80 CFS TOTAL 
AFA TOTAL 

'• lESE IMSE SW5E 

PLACE OF USE: DCMESTIC SAME AS OTHER USE 



j^aubu O T i A T G @ r i B A I H O L 
DEPARTMENT OF WOER RESOURCES 

LISTTNG OF MVIER RIGtrS 

g ^ 7 

05/19/87 

SDVZ 
Ria iT 
NU«ER NAME i^D ADDRESS 

ERIORITY 
DATE WKIER USE 

USE PERIOD 
FRCM TO 

MAXIMUM 
DIVERSION 

63-5195 SIRALCW, fKOVtD F. 
STRALOW, VERAKi 
3911 WHTEBIPD 
BOISE, ID 83703 

SOURCE: GROUNDWATER 

OIHER USES: D/6 HOMES 

POINT OF DIVERSION: 
T04N R02E S29 SWIE 

PLACE OF [EEi IRRIGATION 
T04N R02E S29 S(«G 2 

« 

2 ACRES TOTAL 

• PLACE OF USE: HEATDG 

PLACE OF USE: DOMESTIC 
63-5291 BRIGGS, WELTHA W. 

BRICCS, P . E . , CARLWEW. 
619 GROVE ST. 
BOISE, ID 83702 

SOURCE: GROUCMATER 

POINT OF DIVERSION: 
T03N R02E S17 IWW 

PLACE OF USE: IRRIGATICN 
T03N R02E S17 IWW 2 

2 ACRES TOTAL 

PLfiCE OF USE: HEATDG 

PLA3:0F USE: a X L D C 

PLACE OF USE: DCMESHC 

01-01-1900 IRRIGATION 
HEATDG 
DCMESTIC 

TRIBUTARY: 

SAME AS OTHER USE 

SAME AS OTHER USE 

01-01-1905 IRRIGATION 
HEATDG 
OOOLDG 
DCMESnC 

TRIEUINCf: 

SAME AS OIHSRUSE 

SAME AS OIHZR USE 

SAME AS OTHER USE 

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

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

.06 CFS 

.74 CFS 
STATRSrOAin 

.10 CFS 

.90 CFS TOTAL 
AFA TOTAL 

.04 CFS SBVTRY dAIM 

.10 CFS 

.10 CFS 

.02 CFS 

.16 CFS TOmL 
AFA TOTAL 



•.v«Rl60 " S r A T f. U ! 1 U J l l l 'U 
DEBARIMENT OF WATER RESOURCES 

LISTDG OF WCTER KLQUS 

.VKT, 0. 

05/19/87 

RIGHT 
NUMBER NAME AID ACORESS 

PRIORITY 
DATE VCVTER U ^ 

USE PERIOD 
FRCM TO 

MAXIMUM 
DIVERSION SIAGE 

63-8627 

63-8681 

63-8861 

HARRIS, DALLAS H. 
H & H RANCHES 
200 WISE WAY 
BOISE, ID 83706 

SOURCE: GROUMNVIER 
OTHER RIGHIS: BOISE RIVER. 
OCNDITICNS OF APFRC^AL: 01 

POINT OF DIVERSION: 
T03N R03E S20 lESW 

03-21-1977 IRRIGATICN 
HEKTDG 

TRIBUEARY: 

03A 

PLACE OF USE: 
T03N R03E S19 

S20 
S29 

IRRIGATICN 
NESE 20 
ICSWIO 
1*9^ 3 

StSE 25 
IM5W30 
NENN25 

SWBH35 
IVtM 10 

SESW 3 5 

1 9 5 ACRES TOTAL 

PLACE OF USE: HEATDG 

BARNES, LILLIAN 
7777 PIERCE I»RK I N . 
RT 1 
BOISE, ID 8 3 7 0 2 

SOURCE: GRXNDWOER 

POINT OF DIVERSION: 
T04N R02E S08 S W ^ 

FLKE OF USE: DCMESTIC 
T04N R02E S08 SHSE 

PLACE OF USE: HEKTDG 

ORE ICA POCDS D C . 
2 2 0 W. HVRKCENIER BLVD. 
BOISE, ID 83706 

SOURCE: GROUIGWKIER 

OIHER USES: G»41EATDG & OOOLDG. 

REW«KS: AC. I R R . - 3 . 3 . 

SAME AS OTHER USE 

04-11-1977 HEATDG 
DCMESTIC 

TRIBUTARY: 

SAME AS OIHER USE 

05-23-1977 IRRIGATICN 
HEATDG 

TRIBWARY: 

03-15 11-15 
10-01 06-01 

SWSE 2 

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

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

3.00 CFS PERMIT 
3.00 CFS 
6.00 CFS TOTAL 

AFA TOTAL 

.04 CFS 

.04 CFS 

.08 CFS TOTAL 
AFA TOTAL 

PERMIT 

.07 CFS PERMIT 
1.35 CFS 
1.42 CFS TOTAL 

AFA TOTAL 



WRR160 S T A T E O F i f i A H ' J 
DEEARD1ENT OF WATER RESOfJRCES 

LISTDG OF VHOER RIQHS 

PMBLI 

05/19/87 

RIGHT 
njVER NAME AID ACCRESS 

raiCRITY 
DATE WATER USE 

USE PERIOD 
FRCM TO 

ravxiMUM 
DIVERSION STAGE 

63-8861 REIARKS: P/U LOT 6 , BLK. 1 , PARKCENIER BUSDGSS PK. 

POINT OF DIVERSION: 
T03N R02E S l 4 SEN^ 

63-8866 

63-8867 

PLACE OF USE: IRRIGATICN 
T03N R02E S14 SfNEl 

4 ACRES TOTAL 

PLACE OF USE: HEATDG 
T03N R02E S14 SE^W 

ALBERTSCNS INC. 
250 PARWENMR BLVD. 
BOISE, ID 83706 

SOURCE: GRCUCtC^TER 

OIHER USES: Q^GATDG & OOOLDG. 

SEHi 2 

05 -23 -1977 IRRIGATICN 
HEATDG 

TRIBUCARY: 

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

REMARKS: AC. IRR.=15.1. 
P/U LOT 8 , BLK. 1 , PARKCENIER BUSINESS PK. 

PODfT OF DIVERSION: 
T03N R02E Sl4 SNIG 

PLACE OF USE: IRRIGATION 
T03N R02E S14 9 « G 15 

15 ACRES TDIAL 

PLACE OF USE: HEATDG 

ALBERTSCNS D C . 
250 PARKCENIER BLVD. 
BOISE, ID 83706 

SOURCE: GBCUCWKIER 

SAME AS OTHER USE 

05-23-1977 IRRIGMICN 
HEATDG 
OOOLDG 

TRIBUTARSf: 

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

REMARKS: AC. IRR. -3 .8 . 
P/U LOT 9 , ELK. 1 , PARKCENIER BUSINESS PK. 

.30 CFS PERMIT 
6 . 1 8 CFS 
6 . 4 8 CFS TOIAL 

AFA TOTAL 

. 0 8 CFS PERMIT 
1 .56 CFS 
1 .56 CFS 
1.64 CFS TOTAL 

AFA TOTAL 



WRR160 S T A T E O P I D A H 0 
DEPARTMENT OF WATER RESdlCES 

LISTING OF WATER RIQITS 

PAGE 10 

05/19/87 

Riaff 
NUMBER NAME AID ACCRESS 

PRIORITY 
DATE W a B R USE 

USE PERIOD 
FRCM TO 

MAXIMUN 
DIVERSION SmGE 

63-8867 

63-8868 

63-8869 

POINT OF DIVERSION: 
T03N R02E S14 SWNE 

PLACE OF USE: IRRIGATICN 
T03N R02E S14 I M G 2 

4 ACRES T0I7VL 

PLACE OF USE: HEATDG 

PLACE OF USE: OOOLDG 

ALBERTSCNS D C . 
P.O. BOK 20 
BOISE, ID 83726 

SOURCE: GRCUOWATER 

ODER USES: Q^SATDG & OOOLDG. 

9 « G 2 

SAME AS OTHER USE 

SAME AS OTHER USE 

05-23-1977 IRRIGATICN 
HEATDG 
OXLDG 

TRIBUTAPY: 

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

REMARKS: AC. IRR.-2.5. 
P/U LOT 10, BLK. 1, PARKCENIER BUSINESS PK. 

POINT OF DIVERSION: 
T03N R02E S14 SHNE 

p y o : OF USE: IRRIGMTON 
T03N R02E S14 SHNE 2 

2 ACRES TOTAL 

PLACE OF USE: HEATLNS 

PLACE OF USE: OOOLDG 

ALSCOTT D C . 
500 E. BAXBROOK CT. 
BOISE, ID 83706 

SOURCE: GROUNCWKIER 

OIHER USES: q/HEATDG & OOOLDG, 

SAME AS OTHER USE 

SAME AS OIHER USE 

06-04-1977 IRRIGATION 
HEATDG 
GOOLDG 

TRIEUIARY: 

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

.05 CFS PERMIT 
1 . 0 2 CFS 
1 . 0 2 CFS 
1 . 0 7 CFS TOTAL 

AFA TOTAL 

. 0 6 CFS PERMIT 
1 . 2 3 CFS 
1 . 2 3 CFS 
1 . 2 9 CFS TOTAL 

AFA TOTAL 



WRR160 S T A T E O F I D A H O 
DEPWOTffiNT OF WATER RESOJRCES 

LISTDG OF WVTER R I O H S 

tfCB U . 

05/19/87 

RIGHT 
NUfJER NAME AND ACCRESS 

PRIORITY 
DATE WKIER USE 

USE PERIOD 
FROM TO 

MAXDUf 
DIVERSIGN SEACE 

63-8869 

6 3 - 8 8 7 0 

63 -8878 

REMARKS: P/U LOT 1 1 , BLK. 1 , PARKCENIER BUSINESS PK. 
REINSTAIED 1 / 1 1 / 8 3 . 

POINT OF DIVERSION: 
T03N R02E S14 SEIG 

PLACE OF USE: IRRIGATION 
T03N R02E S14 SEIG 3 

3 A 3 G S TOTAL 

P L A : E O F USE: HEATDG 

PLACE OF USE: GDCLDG 

J . A . ALBERISCN EMERfRISES 
380 E . PARKCENIER BLVD. 
BOISE, ID 83706 

SOURCE: GRCUNCNATER 

OIHER USES: Q/HEATDG & OOOLDG. 

REMARKS: AC. I R R . = 2 . 0 3 . 
REINSIAIED 1 - 1 1 - 1 9 8 3 . 

POINT OF DIVERSION: 
T03I4 R02E S14 STOG 

PLACE OF USE: IRRIGATICN 
T03N R02E S14 S K G 1 

3 ACRES TODSL 

PLACE OF USE: HEATDG 
T03N R02E S14 SEIG 

PLACE OF USE: OOOLDG 

J . A. ALBERTSCN ENTERPRISES 
345 BCBWDTE CT. 
BOISE, ID 83706 

SAME AS OTHER USE 

SAMBAS OTHER USE 

06-04 -1977 IRRIGATION 
HEATDG 
OOOLDG 

TRIBUTARY: 

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

SENE 2 

SAME AS OIHER USE 

06-04-1977 IRRIGATION 
HEATDG 
ODOLDG 

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

.05 CFS 

.94 CFS 

.94 CFS 

.99 CFS TOIAL 
AFA TOTAL 

PERMIT 

.04 CFS 

.82 CFS 

.82 CFS 

.84 CFS TOTAL 
AFA TOTAL 

PERMIT 



I^RR160 S T A T E O F I D A H O 
DEPARTMENT OF WATER RESURCES 

LISTDG OF VmYR R l O n S 

nscE—»• 
05/19/87 

RICHT 
NUMBER NAME AND ACCRESS 

ERICRIT/ 
DATE VKEER USE 

USE PERIOD 
FRCM TO 

MAXIMUM 
DIVERSION STAGE 

6 3 - 8 8 7 8 

6 3 - 8 8 8 8 

SOURCE: GRCUMX'fATER TRIBUEARY: 

OTHER USES: Q4GATDG & OOOLDG OF B U G . 

REMARKS: P/U LOT 2 , BLK. 3 . P N W I N I E R BUSINESS PK. 
KEDb'JAlEU 1 - 1 1 - 1 9 8 3 . 

POINT OF DIVERSION: 
T03N R02E.514 SEHi 

PLACE OF USE: IRRIGATION 
T03N R02E S14 SEtW 1 

2 ACRES TOTAL 

P L A : E O F USE: HEATDG 

PLACE OF USE: CDOLDG 

EMKAy DEVELOEWENT & REALTY CD. 
W-K PLAZA ONE 
BOISE, ID 83706 

SOURCE: GROUNDWATER 

NESW 1 

SAME AS OTHER USE 

SAME AS OIHER USE 

12-17-1977 IRRIGATION 
HEATDG 
OOOLDG 

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

.04 OFS 

.86 CFS 

.86 CFS 

.90 CFS TOTAL 
AFA TOTAL 

PERMIT 

TRIBUIARY: 

OIHER USES: CVHEATDG & OOCLDG OF BLDGS. 

REMARKS: AC. I R R . « 2 . 1 . 
REINSTATED 2 - 1 4 - 1 9 8 3 . 

POINT OF DIVERSION: 
T03N R02E S14 NNSE 

PLACE OF USE: IRRIGATION 
T03N R02E S14 IMSE 2 

2 ACRES TOTAL 

p y C E OF USE: HEATDG 

PLACE OF USE: OOOLDG 

SANE AS OTHER USE 

SAME AS OTHER USE 



V«R160 S T A T E O F I D A H O 
DEKVRTHENT OF WRIER RESOURCES 

L I S T D G OF WATER RICinS 

PAGE I T 

05/19/87 

RIGHT 
NUMBER t«\ME AND ACCRESS 

PRIORITY 
DATE WATER USE 

USE PERIOD 
FRCM TO 

MAXIMUM 
DIVERSION STAGE 

y 

6 3 - 8 9 5 8 THUM1EL, GERALD F . 
5 2 1 1 HILL RD. 
BOISE, I D 83703 

SOURCE: GROUNDWKIER 
OTHER RIOITS: BOISE VALLEY IRR. DIST. 
CCNDITTOIG OF APPROVAL: 03A 

POINT CF DIVERSION: 
T04N R02E S19 NESE 

PLACE OF USE: IRRIGATION 
T04N R02E S19 NESE 5 

5 AuRES TOTAL 

PLACE OF USE: HEATDG 

PLACE OF USE: DCMESTIC 

63-9138 CITY OF BOISE 
C/O LOUIS URANGA 
P.O. BOK 500 
BOISE, ID 83701 

06-16-1977 IRRIGATION 
HEATDG 
DCMESTIC 

TRIBUIARY: 

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

SOURCE: GROUNCWKIER 

SAME AS OTHER USE 

SAME AS OTHER USE 

04-17-1978 IRRIGATION 
OCmERCIAL 
n S H FRCPAGAnCN 
HEATDG 
COOLING 

TRIBUIARY: 

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

.10 CFS PERMIT 

.10 CFS 

.10 CFS 

.10 CFS TOTAL 
AFA TOTAL 

8 .00 CFS PERMIT 
8 .00 CFS 
8 .00 CFS 
8 .00 CFS 
8 . 0 0 CFS 
8 .00 CFS TOTAL 

AEA TOTAL 

OTHER USES: C/Vfl\RIOUS Q/SEACE HEATDG & OOOLDG. 
OTHER R i a r r S : 63 -9139 . 
OO^ITIONS OF APPRCWAL: 0 1 04 09 16 

REMARKS: P/U WITHIN CITY LDHTS CF BOISE. 
NOT TO EXCEED 1 7 . 3 5 CFS. 
3 P/D IN SWSE, S 3 4 , T4N, R2E. 

POINT OF DIVERSION: 
T04N R02E S34 SfGE 



V«R160 S T A T E O F f B A ' H O 
DEBARTMBMT ' X WVTER raSOURCES 

LISTDG OF WATER R l O n S 

44. 

0 5 / 1 9 / 8 7 

RIQfT 
NLICER NAME AID ACCRESS 

PRIORITY 
DATE WniER USE 

USE PERIOD 
FRCM TO 

MAXIMUM 
DIVERSION STAGE 

63-9139 

63-9160 

63-9215 

BOISE GEOIHERMAL LTD. 
331 W. IDAHD 
P . O . BOK 500 
B O i a : , ID 83701 

SOURCE: GROUNDWATER 
ODNDITTONS OF APPRCWtf,: 

04-17-1978 IRRIGKnON 
HEATDG 
OOCLDG 
MUNiaPAL 

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

12.00 CFS PERMIT 
1 2 . 0 0 CFS 
1 2 . 0 0 CFS 
1 2 . 0 0 CFS 
1 2 . 0 0 CFS TOTAL 

AFA TOTAL 

0 1 04 09 
TRIBUEARY: 
16 

RB1ARKS: P/U WITHIN a T Y LIMITS CF BOISE. 
2 P / 0 NE14*, S 2 , T3N, R2E.4 
2 P/D NBNW, S l l , T3N, R2E. 

POINT OF DIVERSIGN: 
T03N R02E S02 

Sll 

St̂ SW 
SESW 
NENf 

BOISE WARM SPRINGS WATER DIST. 
2440 OLD PENITENTIARY RD. 
BOISE, ID 83712 

06-27-1978 HEATDG 
DOMESTIC 

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

4.00 CFS FERMIT 
4 . 0 0 CFS 
4 . 0 0 CFS TOIAL 

AFA TOTAL 

SOURCE: GROUNDWATER TRIBUIARY: 
CODITICNS OF APPRCWAL: OlC 04 10 

REMARKS: P/U WITHIN BOISE WiR4 SPRINGS VMER DIST. 

SESW 
POINT OF DIVERSION: 
T03N R02E S l 2 

SIATEOF IDMD 
DEFT. OF ACMINISTRATICN 
RM. 125 
LEN B . JORDAN BL£G. 
BOISE, ID 83720 

SOURCE: GRDLMWAIER 

03-02-1979 HEATDG 

TRIBUIARy; 

01-01 12-31 9.00 OFS PERMIT 

OIHER U E ^ : SPACE HEATDG OF SIAIE EUIIDDGS 
OCNDITIONS OF APFRCK;AL: OlB 04 09 

POINT OF DIVERSION: 
T03N R02E S13 SWG 



vMueo 

RIGHT 
NUMBER 

63-9215 

63-9341 

NAME » D ACCRESS 

PLACE OF USE: HEATDG 
T03N RD2E SlO NENE 

S15 NE^G 

STATE OF lEWD 
DEPT. OF ACMDHSTRATTON 
LEN B. JCR»N BUILDDG #100 
BOISE, ID 83720 

S T A T E O F I D A H O 
CEPARXMENT OF WATER RESCORCES 

LISriNL» a ' VJA'ilK RIU/IS 

PRIORITY 
[»TE (VaEKUSE 

IWG SWSW SESW 
It«G t^Uii UflW 

02-06-1980 HEATDG 

USE PERIOD 
FRCM TO 

SWSE 

01-01 12-31 

MAXD121 
DIVERSION 

SfcSE 

5.57 CFS 

PAGE 15 

05/19/87 

STAGE 

PEPMIT 

SOURCE: GrtOUNDWAIBR TRIBUTARY: 

63-9343 

OHER USES: GEDIHERMALLY SPACE HEAT IDAHD SlfilE CAPITEL MALL 
OIDITICNS OF APPRCWtf.: OlC 09C 16 

POINT OF DIVERSION: 
T03N R02E SlO NEIG 

PLACE OF USE: HEATDG 
T03N R02E SlO NENE 

HARRIS, DALLAS H. 
3051 S. WISE WAY 
DOISE, ID 83702 

02-12-1980 OCMMERdAL 
HEATDG 

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

6.00 CFS PERMIT 
6 . 0 0 CFS 
6 . 0 0 CFS TOTAL 

AFA TOTAL 

SCURCE: GRCUMWAIER TRIBUlAR3f: 

O n E R USES: FISH PROP, GREEMCUBE, SWIMMDG POOL, SPACE HEATDG 
OCNDITTCNS OF APPRCWAL: 2 6 1 6 

REMARKS: THIS PERMIT I S SUBJECT TO THE AjE^EMENT CAIED 5 / 3 1 / 8 5 BE: IWEEN 
PERMIT HXDER & FRCaESTANT(S) TO THE EJOENT SUCH AGREEMENT OCWERS 
MATTER WITHIN THE JURISDICTICN OF THE IDWR. A FLOW MEASUraMENT 
PORT OR OnHER DEVICE AS SPECIFIED BY TIG DEPT SHALL BE INSTALLED;-
BY T I E PERMIT tt3U3ER TO PRCVIDE FCR THE INgTAHATICN OF MEASURING 
ECUIP. & THE DEIEWUNAITON OF THE RATE OF DIV. & PRESSURES BY 
THE DEPT. RETURN FLOW I F DISOiARGH) TO A SUBSURFACE SYSTEM MUST 
BE A l / I i n U Z E D BY A S E P . DDBCniCN WELL PEWIIT & RETUFN FLOW I F 
DISCHARGED TO A SURFACE WIR SYSTEM SHALL MEET ICftHD WATER QUALITY 
STA^DARDS. I F DISOfiWGED TO T I E SURFACE, TTE DISCHARGE SHALL BE 
PERMITTED CR APPPOJED BY THE U . S . ETA. THE MAX. RATE OF DIV. OF 
W m UDER THIS MRMIT SHALL NOT EXCEED 6 . 0 CFS . 
PERMIT HXDER SHALL SUBMIT FOR EACH WELL TO T I E DEPT. A 
DRILLING PROSPECTUS WHICH DCLUDES FRC^OSED CASDG & 
GROUTING PRDCEEURES FCR REVIEW & P P P P t J M . PRIOR TO DRILLDG. 



WRR160 

RIQfT 
NCIOER 

6 3 - 9 3 4 3 

« 

63-9828 

NAME AND ALLREbS 

REMARKS: THE DIRBCIER RBIAINS 

S T A T E O F I D A H O 
DEPARTML=NT OF WATER RESOURCES 

LISTING OF WATER RIGITS 

PRICRTTY 
CME WATER USE 

• J U R I S D I C n C N O F T H I S PERMIT & MAY 
REQUIRE REINJBCrnON CF THE WMER I F DEIERMDe) TO BE 
NECESSARY FOR FROIECnCN OF THE RESOURCE OR OTHER WATER RTS. 

POINT OF DIVERSION 
T03N R03E S19 

-S20 

S21 
S2fl 

S29 

• • 
IGSW 
NESE 
I«KR 
Sh.SE 
NEMf 
SENW 
IGSW 
IMSW 
SMSW 

flWKE 
SF»: 
SWSW 

SflM 
I»BW 
I d G 
IMG 

PLACE OF USE: OMGRCIAL 
T02N R03E S04 
T03N R03E S19 

S20 

S21 
S28 
S29 

S30 
S32 
S33 

I N G 
NESW 
NEIG 
SEIM 
SWSE 
SQil 
UfiW 
NENE 
SFIW 
SHSE 
rcNE 
Uf9E 
SWSW 

PLACE OF I F E : HEAT'ING 

JdWJCN, WAYNE 
2301 IKfclG ST. 
BOISE, ID 83702 

NEI*^ 
I G S E 
I W G 
NESW 

, SESE 

S » W 
N » G 
IGSW 
SFSF 
S R G 
SNNE 
Sh.H* 

l l fHi 
IMBR 
S»«G 
IHSW 

IHSW 
Srâ E 
N^BW 

NEIW 

SAME AS OTHER IKR 

SWSE 
SENE 
SWSW 

SENE 
SWSW 

SFNW 

1 1 - 0 3 - 1 9 8 1 HEATDG 
DOMESTIC 

TBE PERIOD 
FHJl TO 

SFSE 
i^stw 
iiFTW 

leM 
.. SF?W 

NhSp; 

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

prcE 16 

05/19/87 

HAXIMJM 
DIVERSION SEPGE 

tJi^W S » M 
NESE I « 6 E 

UfUi SWIf 
IGSE I«CE 

NNSE .SI-SH: 

. 0 4 Q-S PERMIT 

.04 a s 

. 0 8 CFS TOTAL 
AFA TOTAL 



WRR160 S T A T E O F I D A H O 
DEEWnMNT 0? WPOTR RESOURCt:; 

L I S T I N G 0 ? WATER R I Q I T S 

PAGE 1 7 

05/15/87 

RiaiT 
NUMBER NAME AND ACCRESS 

P R I O R I T Y 
DATE WATER USE 

USE PERIOD 
FROM TO 

ravxiMUM 
DIVERSION STAGE 

63-9828 SOURCE: GRDUNDWVIER 

63-9890 

TRIBUTARY: 

OTHER USES: Q^EATDG OF DOMESTIC TOG 
OCNDITIONS OF APPRCWAL: 16 

POINT ( F DIVERSION: 
T04N R02E S33 SWSE 

PLACE OF USE: TEATING 
T04N R02E S33 SWSE 

HACE ( F USE: DOESITC 

GOFF, JWGS A . 
VETERANS ADPW. ^EDICAL CENTER 
5TH A I D FORT ST. 
BOISE, ID 83702 

SCUPCE: GROUNDWATER 
OMJITICNS OF PPPPCMSL: 16 

POINT OF DIVERSION: 
T03N R02E S02 IM5W 

SESW 

PLAGE OF USE: HEATDG 
•lt)3N R02E S02 NESW 

SAME AS OTHER USE 

04-19-1982 HEATDG 

TRIBtflARY: 

01-01 12-31 2.23 CFS PERMIT 

M>JSW SWSW SESW 



CECIL D. ANDRUS 
Governor 

State of Idaho 

DEPARTMENT OF WATER RESOURCES 
S o u t h e r n R e g i o n , 2148 4th Ave. East, Twin Foils, Idaho 83301 (208) 734-3578 

R. KEITH HIGGINSON 
Dineior 

i - sb ruary 1' 

Ken Tay lo r 
U.S.. Depar tment of Energy 
785 DOE P l a c e 
Idaho Falls, Idaho 83402 

Dear Ken: 

I have spoken with the U.S. Geological Survey Boise 
of-fice personnel regarding their deliquent report. I was 
told that it is still at the General Printing Office and 
should be out by the end of March. I am thereby requesting 
3. no cost extension to Instrument # DE-FG07-B4ID12549 until 
June 1,, 1999, I'm hoping that we can wrap this up sooner 
than that. 

Thank you for your patience and if you have any 
Gueshions, please contact me at 734-357S. 

hVGrcgsoi ogi 

C C;; i~' Q w a r d F\ o s s 



DOE F 4600.1 
,'7-81) 

U.S. Otii 'AHTMbNI Ol- tiNbHUY 

NOTICE OF FINANCIAL ASSISTANCE AWARD 
(See InstriKtions on Reverse) /Pl-^ 

xl?^k^ 

Under the authority of Public Law " ' J ~ 4 1 U and 
subject to legislation, regulations and policies applicable to (cite legislative program title): 

Geothermal Research. Development and Demnnc;trat.inn Art nf 1077 
1. PROJECTTITLE 

Geothermal Resource Evaluation in Idaho 

2. INSTRUMENT TYPE 

ffl GRANT D COOPERATIVE AGREEMENT 

3. RECIPIENT (Nome, eddress, zip code, erea code and telephone no.) 

State of Idaho 
Department of Water Resources, Statehouse 
Boise, Idaho 83702 

4. INSTRUMENT NO. 
DE-F607-84ID12549 

6. BUDGET PERIOD 

FROM: 6 / 1 / 8 6 THRU: 6 / 1 / 8 7 

S. AMENDMENT NO. 
MOOS 

8. RECIPIENT PROJECT DIRECTOR (Name and telephone No.) 

Leah V. Street 

10. TYPE OF AWARD 

D NEW 

^ REVISION 

7. PROJECT PERIOD 

FROM: 8/17/84 THRU: 6 /1 /87 

D CONTINUATION 

D SUPPLEMENT 

D RENEWAL 

9. REC 

Sam 
t^etj Ad&r-e.^ s ___W^:£/g4 

11.00 L-ec^U VJ- SWejzy^ ^oj 

Peg zdaLo ^ + . «=f ^ ^ - ^ r l ^ s o u - ^ o s ^ 

12. ADMINISTERED FOR DOE BY (Name, address, zip code, telephoneNo.) 

Ronald A. King (208) 526-0790 
U. S. Department of Energy 
Idaho Operations Off ice 
785 DOE Place 
Idaho F a l l s . ID 83402 

13. RE 

C : ^ o 8 ^ 7 3 4 - 3 S 7 8 

GOV'T 

IF 
vTION 

n HOSPITAL 

n OTHER NONPROFIT 
ORGANIZATION 

n FOR PROFIT 
ORGANIZATION 

D c D P nsp 

D INDIVIDUAL 

D OTHER (Specify) 

14. AC 

a. 

N// 
16. Bl 

a. ( 

(DDC 

(2) DOE Funds Authorized for Carry Over 

(3) DOE Funds Previously Obligated in this Budget Period 

(4) OOE Share of Total Approved Budget 

(5) Recipient Share of Total Approved Budget 

(6) Total Approved Budget 

$_ 
$_ 
$_ 
$_ 
$_ 

FT/AFP/OC 

-n-
- n - _ 

138,724 
138,724 

- 0 -
138,724 

d. CFA Number 
15. EMPLOYER 1 D. NUMBER/SSN 

b. CUMULATIVE DOE OBLIGATIONS 

(l)This Budget Period 
[ Total of lines a. (1) and a. (3)] 

(2) Prior Budget Periods 

(3) Project Period to Date 
[Total of lines b. (1) and b. (2)1 

$-

$_ 

$-

1.3R,7?4 

19,855 

158.579 

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 (if cooperative agreement) 

b. Applicable program regulations (specify) (Date) 

c. DOE Assistance Regulations, 10 CFR Part 600, as amended. Subparts A and [X B (Grants) or D C (Cooperative Agreements). 

d. Application/proposal dated 9 / 3 0 / 8 6 D as submitted Sl with changes as negotiated 

19. REMARKS 

This document extends the budget period and project period wi th no increase in the approved 
budget or the DOE obl igated funds. 

20. EVIDENCE OF RECIPIENT ACCEPTANCE 

(Signature of Authorized Recipient Official) (Date) 

(Name) 

(Title) 

21. AWARDED BY 

\̂x>^^3S.-^^ ^ - O ^ WJIS-jirh 
(Signature) (Date) 

Will iam C. Drake 

Contracting Of f i cer 
(Name) 

(Title) 



U.S. DEPARTMENT OF ENERGY 
NOTICE OF FINANCIAL ASSISTANCE AWARD^ 

{See Instructions on Reverse) UBUS 
; n \ ^ Vo<<>«^">. ','.' tl-'i 

Under the authority of Public Law 93-410 Jm 0 8 1987 yt-^ 
subject to iasislation, regulations and policies applicable to {cite legislative program title): 

Geothermal Research, Development and"Demonstration Act of 1977 Ppp lartment of Water Resources 
1. PROJECTTITLE 

Geothermal Resource Evaluation in Idaho 

3. RECIPIENT (Name, eddress, zip code, area code and telephone no.) 

State of Idaho 
Department of Water Resources, Statehouse 

8. RECIPIENT PROJECT DIRECTOR (Name and telephone No.) 

Leah V. Street 
9. RECIPIENT BUSINESS OFFICER (Nameand telephoneNo.) 

Same as I tem'#8:-
11. DOE PROJECT OFFICER (Name, address, zipcode, telephone No.l 

Peggy A. Brookshier (208) 526-1403 
U.S. DOE, Idaho Operations Office 
785 DOE Place, Idaho Falls. ID 83402 

2. INSTRUMENT TYPE 

O GRANT D COOPERATIVE AGREEMENT 

4. INSTRUMENT NO. 

nF-FRn7-RdTm?RAQ 
6. BUDGET PERIOD 

FR0M:1 
PEo/i 10. TYPE OF AWARD 

D NEW 

I X REVISION 

1/ie [ i l 
Rf̂  THRU:p/pn/n7 

7 ^ 
5. AMENDMENT NO. 

aoofi-
7. PROJECT PERIOD 

'="°"«/17/R4 ^"""=9/30/37 

n CONTINUATION 

D SUPPLEMENT 

D RENEWAL 

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

R. Jeffrey Hoyles (208) 526-0790 
U.S. Department of Energy 
Idaho Operations Office 
785 DOE Place 
Tdahn F a l U , TD «.34n? 

13. RECIPIENT TYPE 
E STATE GOVT 

D LOCAL GOVT 

D INDIAN TRIBAL GOVT D HOSPITAL 

D INSTITUTION OF 
HIGHER EDUCATION 

D OTHER NONPROFIT 
ORGANIZATION 

D FOR PROFIT 
ORGANIZATION 

Dc D P DSP 

D INDIVIDUAL 

D OTHER (Specify) 

14. ACCOUNTING AND APPROPRIATIONS DATA 

a. AppropriaCion Symbol 

N/A 
b. B & R Number c. FT/AFP/OC d. CFA Number 

15. EMPLOYER I.D. NUMBER/SSN 

16. BUDGET ANO FUNDING INFORMATION 

a. CURRENT BUDGET PERIOD INFORMATION b. CUMULATIVE DOE OBLIGATIONS 

$. 
$. 

zQz 

•SL 
ID DOE Funds Obligated This Action 

(2) DOE Funds Authorized for Carry Over 

(3) DOE Funds Previously Obligated in this Budget Period $ 1 3 8 , 

(4) OOE Share of Total Approved Buciget $ 13 f 

(5) Recipient Share of Total Approved Budget $ - 0 -

(61 Total Approved Budget $ 1 3 f t , 7 ? 4 

(DThis Budget Period 
(Total of lines a. ( I ) and a. (3)] 

(2) Prior Budget Periods 

(3) Project Period to Date 
{Total of lines b. I f ) and b. (2)] 

$ 138,72^ 

» 19.855 

$ 158.579 

17. TOTAL ESTIMATED COST OF PROJECT 

nhis is the current estimated cost of the project, ft is not e promise to award nor en autttorization to expend funds in this amount.) 

18. AWARD/AGREEMENT TERMS AND CONDITIONS 

This award/agreerr>ent consists of this form plus the followir>g: 

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

b. Applicable program regulations (specify) . (Date). 

c. DOE Assistance Regulations, 10 CFR Part 600, as amended. Subparts A and j p B (Grants) or D C (Cooperative Agreements). 

d. Application/proposal dated 3 / 1 7/Rf> , D as submitted X5l **'"*' 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 

^ d ^ y i s r ^ 
V /^ -^ (Di IDate) 

(Name) 

Administrator, Resource Analysis Division 
rritie) 

21. AWARDED BY kWARDEDBY § / 7 

^ , g e / / ^ />U.^l^_A^^y/rp 
(Signature) (Date) 

R. Jeffrey Hoyles 
(Name) 

Contracting Officer 
(Title) 



FEDERAL ASSISTANCE BUDGET INFORMATION FORM 
FORM i l A 4S9C 
iiiMsai 

'tfr-Trg'dr-WrfiT?B49 

FORM APPROVSD 
OMB No. 1900-0127 

'&?ST?Ht?-ffi'ai Resource Evaluation in Idaho | 
3 N«n.«MiAdd..n State of Idaho 

Department of Water Resources 
Boise, ID 83702 

*'^rfM""'"" 
'Wrm. 

SECTION A • BUDGET SUMMARY | 
Gtani Piogfwn. 

Function 

BUD^r 

'Other Direc 

'Subcontract 
3 

4. 

Fedeial 

Ca la loaNo. 

CATEGORY 

; (USGS) 

5. TOTAlS 

Esiimaied Unobligaied Funds 

Federal 
Icl 

S 

* 

NonFederal 
Idl 

1 

« 

New or Revised Budget 

Faderai 
lel 

• (3,-000) 

+3,000 

1 

NonFederel 
III 

• 

» 

Total 

Ig) 

. 3,175 

44,200 

« 

SECTION B - BUDGET CATEGORIES 

6. Obieci Class CategoiiH 

a. Pcftonnel 

b. Fringe Benefiu 

c. Tiavd 

d. Equipmenl 

e. Supplin 

t. Coniiaclual 

g. Consliuclion 

h. OlhR 

1. TcHal Di iac l Ch<rgai 

1 Indiraet Charge, 

k. TOTAlS 

7. Program Incoma 

• Oram Program. Funciion or AelMiy 

Ml 

» 40,936 

9,415 

3,800 

2,500 

828 

44,200 

10,132 

3,175 

114,986 

23,738 

• 138,724 

-0-

121 

1 

1 

1 

(31 

• 

t 

* 

HI 

• 

S 

• 

Total 
151 

• 40,936 

9,415 

3,800 

2,500 

828 

44,200 

10,132 

3,175 

114,986 

23,738 

• 138,724 

» - 0 -



DOE F 4/0'"-.1 

Under the authority of Public Law 

U.S. DEPARTMENT OF ENERGY 

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

(See i ns t ruc t i ons o n Reverse) 

93-410 

4mi S6 

and 
subject to legislation, regulations and policies applicable to (cita legislative program t i t le): 

Geothermal R&D Act of 1977 
1. PROJECTTITLE 

Geothermal Resource Analysis in Twin Falls, ID 

3. RECIPIENT IName, address, zip code, area code and telepftone no.) 

Idaho Department of Water Resources 
Southern Div is ion 
1041 Blue Lakes Blvd., Twin Falls, ID 83301 

8. RECIPIENT PROJECT DIRECTOR (Name and telephone No.) 

Leah Street (208) 734-3578 

9. RECIPIENT BUSINESS OFFICER (Nameand telephone No. I 

Wayne Hass (208) 334-4440 
450 W. State S t . , Boise, ID 83720 

n . DOE PROJECT OFFICER (Name, address, z ipcode, telephoneNo.) 

Peggy A. M. Brookshier, U.S. DOE 
785 DOE Place ._ - . . _ . . ,^^., 
TH;)hn F a l U . TH ft3dn? (208) 526-1403 

2. INSTRUMENT TYPE 

KX GRANT n COOPERATIVE AGREEMENT 

4. INSTRUMENT NO. 

DE-FG07-84ID12549 
6. BUDGET PERIOD 

FROM: 10/1/85THRU: 2/28/87 

5. AMENDMENT NO. 

A003 

10. TYPE OF AWARD 

D NEW 

KX REVISION 

7. PROJECT PERIOD 

FROM: 8/17/84 THBU: 2/28/87 

D CONTINUATION 

D SUPPLEMENT 

D RENEWAL 

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

Ronald A. King (208) 526-0790 
United States Department of Energy 
Idaho Operations Office 
785 tlOE Place, Idaho Falls, ID 83402 

13. RECIPIENT TYPE 
(^ STATE GOVT 

D LOCAL GOV'T 

D INDIAN TRIBAL GOVT D HOSPITAL 

n INSTITUTION OF 
HIGHER EDUCATION 

D OTHER NONPROFIT 
ORGANIZATION 

D FOR PROFIT 
ORGANIZATION 

Dc D P DSP 

D INDIVIDUAL 

• OTHER (Specify) 

14. ACCOUNTING AND APPROPRIATIONS DATA 

a. Appropriation Symbol 

89X0224.91 
b. B a- R Number 

AM1510000 
c. FT/AFP/OC 

TD-54-91/4in 
16. BUDGET AND FUNDING INFORMATION 

a. CURRENT BUDGET PERIOD INFORMATION 

(1) DOE Funds Obligated This Action $ 

(2) DOE Funds Authorized for Carry Over $ 

(3) DOE Funds Previously Obligated in this Budget Period $ 

(4) DOE Share of Total Approved 

(5) Recipient Share of Total Appr 

16) Total Approved Budget 

Budget 

oved Budget 

$ _ 
$ _ 
$ _ 

60,000^^ 

-0 -
138,724 

- 0 -
138,724 

d. CFA Number 

15. EMPLOYER 1.0. NUMBER/SSN 

. | j . CUMULATIVE DOE OBLIGATIONS 

(1) This Budget Period 
^ ITotal of lines a-ft) and a.13)] 

(2) Prior Budget Periods 

13) Project Period to Date 
[Total of lines b. (1) and b. (2)J 

.t 60.000 

.t 98.579 

$ 158,579 

17. TOTAL ESTIMATED COST OF PROJECT S 158.579 

/777/s is the current estimated cost o f the project, tt is not a promise to smard nor an authorization to expend funds in this arrtount.) 

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 lif cooperative agreement) 

b. Applicable program regulations (specify) i ^..^Date) _ 

c. DOE Assistance Regulations, 10 CFR Part-600, as amended. Subparts A and Q! B (Grants) or D C (Cooperative Agreements). 

d. Application/proposal dated 4 / 3 0 / 8 5 , D as submitted Kl with changes as negotiated 

19. REMARKS ' ~ ~ 

This modi f icat ion increases the scope by adding addi t ional work as described i n -the-Statement 
of Work (Part I I I . a ) and increases the funding as provided in the revised Budget Plan 
(Part I ) . 

20. EVIDENCE OF RECIPIENT ACCEPTANCE 

1 ^ ^ u t h o r i . (Signature a f ^ u t h o r i z e d Recipient Official) 

Wayne T. Haas 
^ ( D a ^ ) (Signature) < (bate) 

(Name) 

ftflminiatrator, Resource Analysis D iv is i tx i 
(Titia) 

2 1 . AWARDED BY 

Will iam C. Drake 

r. j ^ , . r^,.,-. (Name) 

Contracting Officer 
ITit le) 



INSTRUCTIONS 

(This form shall be completed in accordance wi th the fol lowing instructions. For any clarification or additional information 

that might be needed, consult the appropriate section o f the DOE Financial Assistance Procedures Manual (DOE-FAPMI. 

Insert in the space provided, in the line which begins, "Under the 
Authority of Public L a w . . . , " 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 project 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 ail 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 
number. Fund Type (FD/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 individual, enter his/her 

social security number. 

•U.S. sewiRincir; mvnm O^CEI 19I)I—922.0S&A703 

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

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

Line a.(2) - Enter the amount of OOE funds not expended in prior 
budget period(s), if any, autliorized by OOE for expenditure 
in the current budget period. 

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

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

Lina 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.d) - Enter the amount of DOE funds obligated in the current 
budget period. (Add the amounts in lines a.d) 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.d) 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 1 8 - Complete as follows: 

I tem a. - No entry necessary. 

I tem b. - Enter tfie legal citatran from the Code of Federal Regulattons 
or Federal Register and tfie effective date for tfie program regulatk>ns 
applicable to tfie program under which the award is made. 

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

I tam 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 - Enter 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 prkx to forwarding to recipient. 



Grant No. DE-FG07-84ID12549 
Modification A003 
Part I - Budget Plan 
Page 1 of 1 

GRANTEE - State of Idaho 

BUDGET PLAN 

8/17/84 to 9/30/85^'^ 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

Salaries 

Fringe Benefits 
(23% of A) 

Travel 

Equipment 

Subcontracts: 
1. USGS 
2. State University 

Other Direct Cost 

Indirect 

TOTAL 

$11,546 

2,729 

560 

60 

4,960 

$19,855 

10/1/85 to 2/28/87^^ 

$40,936 

9,415-^ 

4,628 

2,500 

$41,200 
10,132 

6,175 

23,738 

$138,724 

d/ 

a/ 

c/ 

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-FC07-84ID12549 
Modification No. A003 
Part 111.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. 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. 

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

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. 

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

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 opIgVnaT due date. 
The required reports are also summarized as follows: 



REPORT 

I ' luui i i c a o i u i i Mu. nouJ 
Part 111.a - Statement of Work 
Page 2 of 4 

DUE 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

Form OOE 538 Notice of Energy RD&D 30 days after award of 
grant 

Quarterly Management Summary Report 15 days after calendar 
quarter end 

Project Status Report 

Phase I Final Report (Draft) 

Phase I Final Report 

Final Report (Draft) 

Final Report 

Financial Status Report 
Form 269 

15 days after calendar 
quarter end 

Due 45 days prior to 
original completion date 

Due on original completion 
date 

Due 45 days prior to updated 
completion date 

Due on updated completion 
date 

Due annually and upon OMB 
completion 

The deliverables resulting from the tasks outlined above which will be 
delivered to DOE are summarized as follows: 

1. 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 i n the attached DOE Form EIA 459A. 

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



raye o ui H 

U.S. DEPARTMENT OF ENERGY 

FEDERAL ASSISTANCE REPORTING CHECKLIST 
FORM ClA-IStA 
llOfWI 

1. Identiricatlon Number: 
DE-FG07-84ID12549 

FORM APPROVED 
OMB NO. ltOO-0127 

2. Program/Project Title: 
Geothermal Resource Assessment 

3. Recipient: 
State of Idaho, Department of Water Resources 

4. Reporting Requirements: 

PROGRAM/PROJECT MANAGEMENT REPORTING 

1 1 Federal Assistance Milestone Plan 

1 1 Federal Assistance Budget Informatnn Form 

'^ Federal Assistance Management Summary Report 

1̂  Federal Assistance Program/Project Status Report 

<1- Financial Status Report, OMB Form 269 

TECHNICAL INFORMATION REPORTING 

)( Notice of Energy RDErO 

._..,,„ 

X 

Technical Progress Report 

Topical Report 

X Rnal Technical Report 

• Frequency 

Q 
Q 

Y.F 

Y 

A* 

F* 

No. of Copies 

1,1.1 

1.1.1 

1 

1.1.1 

1 .1* * ,1 

1.1 * * , ! 

Addressees 

A,B,C 

A,B,D 

A 

A.B.E 

A,B,D 

A,B.D 

FREQUENCY CODES AND DUE DATES: 

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

F • Final; 90 calendar days after the performance of the effort ends. 
Q • Ouarierly; within 30 days after end of calendar quarter or portion thereof. 
0 • 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. IFinancial Status Reports 90 daysl. 
S • Semiannually; within 30 days after end of program fiscal half year. 

5. Special Instructions: 

•Dra f t Report due 45 days p r io r to completion date to al low f o r 
DOE review and coiiments and is w i t h i n the Grant budget per iod. 

**Camera ready copy must be included. 

6. Prepared by: (Signature and Date) 7. Reviewed by: (Signature and Date) 



REPORT DISTRIBUTION LIST 

A. Ronald A. King 
Contracts Management Division 

U. S. Department of Energy 
Idaho Operations Office 
785 DOE Place 
Idaho Falls, ID 83402 

B. Peggy Brookshier 
Advanced Technology Division 
U. S. Department of Energy 
785 DOE Place 
Idaho Falls, ID 83401 

C. Earl G. Jones 
Financial Management Division 

U. S. Department of Energy 
Idaho Operations Office 
785 DOE Place 
Idaho Falls, ID 83402 

D. Duncan Foley 

University of Utah Research Institute 
Earth Science Laboratory 
391 Chipeta Way, Suite C 
Salt Lake City, UT 84108 

E. U. S. Department of Energy 

Technical Information Center 
P. 0. Box 62 
Oak Ridge, TN 37830 
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Ttu I IWt u r r-INMlHUlMl. M»aia i Mnuc M i m n v 
{See Instructions on Reverse) 

93-410 Undei the authoritv of Public Law 
subject to legislation, reoulationt and policies applicable to (cite legislative program title): 

Geothermal Research, Development and Demonstration Act of 1977 

and 

1. PROJECTTITLE 

^othermal Resource Evaluation in Idaho 

3. RECIPIENT INeme, address, zip code, area coda and telephone no.) 

State of Idaho 
Department of Water Resources, Statehouse 
Boise, ID 83702 

a RECIPIENT PROJECT DIRECTOR (Name and te(ephone No.) 

Leah V. Street 

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

Same as Item #8 

11. DOE PROJECT OFFICER (Name, address, zip code, telephone No.) 

Peggy Brookshier (208)526-1403 
U.S.DOE, Idaho Operations Office 
785 DOE Place, Idaho Fal ls , ID 83401 

2. INSTRUMENT TYPE 

E l GRANT D COOPERATIVE AGREEMENT 

4. INSTRUMENT NO. 

DE-FG07-84ID12549 
6. BUDGET PERIOD 

FR0M:8/17/85 THRU: 8 /31 /86 

S. AMENDMENT NO. 

M002 
7. PROJECT PERIOD 

FROM: 8 /17 /85 THRU: 8/31/86 
10. TYPE OF AWARD 

D NEW D CONTINUATION D RENEWAL 

El REVISION D SUPPLEMENT 

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

Ronald A. King (208)526-0790 
U. S. Department of Energy 
Idaho Operations Office 
785 DOE Place 
Idaho f a l l s , ID 83401 

13. RECIPIENT TYPE 
Ixl STATE GOVT D INDIAN TRIBAL GOVT D HOSPITAL 

D LOCAL GOVT D INSTITUTION OF 
HIGHER EDUCATION 

D OTHER NONPROFIT 
ORGANIZATION 

D FOR PROFIT 
ORGANIZATION 

Dc D P DSP 

D INDIVIDUAL 

D OTHER (Specify) 

14. ACCOUNTING AND APPROPRIATIONS DATA 

a. Appropriation Symbol b. B Et R Number c. FT/AFP/OC 

16. BUDGET AND FUNDING INFORMATION 

a. CURRENT BUDGET PERIOD INFORMATION 

i W " ^ Funds Obligated This Action $ 

(2) DOE Funds Authorized for Carry Over $ 

(3) DOE Fundi Previously Obligated In this Budget Period $ 

(4) DOE Share of Total Approved Budget $ 

(5) Recipient Share of Total Approved Budget $ 

(6) Total Approved Budget $ 

-0-
-0-

98,579 
981579 

-0 -
98.579 

d. CFA Number 
15. EMPLOYER I.D. NUMBER/SSN 

b. CUMULATIVE DOE OBLIGATIONS 

(1) Thit Budget Period 
[Total of lines a.(t) anda.(3)] 

(2) Prior Budget Periods 

(31 Project Period to Date 
ITotal of lines b. I D and b. (2)1 

^ 98.579 

% -0-

f 98,579 

17. TOTAL ESTIMATED COST OF PROJECT $ 9 8 . 5 7 9 

(This is the current estimated cost of the firoject. ft is not e promise to award nor en euthorizetion to expend funds in this emount.) 

18. AWARD/AGREEMENT TERMS AND CONDITIONS 

TMs award/agreement consists of this form plus ths fotlovi.'ing: 

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

b. Applicable program regulations (specify) N /A — _ (Date) . 

c DOE Assistance Regulations, 10 CFR Part 600, as amended. Subparts A and p l B (Grants) or D C (Cooperative Agreements). 

d. Application/proposal dated 5 / 2 / 8 5 , • as submitted D with changes as negotiated 

19. REMARKS 

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

20. EVIDENCE OF RECIPIENT ACCEPTANCE 

igna ture erf Au thofi, 

y»'ayne Kaa 
•Ized Recipient Official) 

as 
(Name) 

Resource Analysis Division AHministrjtoi 
(Title) 

21. AWARDED BY 

^A>..StSb-^^ C C l J k ^////^ 5 
(Signature). 

William C. Drake 
(Name) 

Contracting Officer 
(Title) 

(Date) 



CONTRACT MODIFICATIONS TO INSTRUMENT NO. DE-FG07-84ID12549 

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 
Governor 

A. Kenneth Dunn 
Director 

1041 Blue Lakes Blvd. North 
Twin Falls, Idaho 83301 

(208) 734-3578 

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.O.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 
S o u t h e r n R e g i o n , 2148 4th Ave. East, Tv/ln Foils, Idaho 63301 (208) 734-3578 

CECIL D. ANDRUS 
Governor 

R. KEITH HIGGINSON 
Director 

y 

i. J i' i J. V (v? Y" \v--- ):. C V O ' i " i..; \.. S.; "f I •'' (!̂  i:::- L? ^^ Y" C H .1. n :̂::. L. A. 

! -i;;) L.i .f. i . i.v.' •....• 

!!l C v'4 CJ C O L ) 1 iv-? ;•:; ( j T "C. i"\ 

I s ' C o u n t y , 

w 1 X. n 
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May 18,1989 

Kenneth J. Taylor 
U. S. DOE, Idaho Operations Office 
785 DOE Place 
Idaho Falls, Idaho 83402 

Dear Ken: 

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 
sent to the Technical Information Center at Oak Ridge, TN on 
March 9, 1988 following receipt of patent approval. 

Sincerely, 

Howard P. Ross 
Project Manager 

end. 



State of Idoho 
DEPARTMENT OF WATER RESOURCES 
STATE O F F I C E , lOOl Nonh Oichoid Soeet Doise, Idaho 63706-2237 • (206) 334-4440 

CECIL D. ANDRUS 
Governor 

R. KEITH HIGGINSON 
Director 

/ / / / / ^ ' ^ /L 

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 Nr. Ross: 

Enclosed 
report entitl 
Falls County, 
University re 
Geothermal Sy 
the U.S. Depa 
DE-FG07-84ID1 
distribution 
contract was 

please find seven (7) copies of the final 
ed "Geothermal Resource Analysis in Twin 
Idaho" and one (1) copy of the Boise State 

port entitled "Evaluation of the Boise 
stem". Both project reports were funded by 
rtment of Energy through Grant Number 
2549. Also enclosed is a copy of the report 
list that has changed since the original 
signed. 

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

Sincerely, 

' ^ '̂ Syfie T. Haas fyne T 
Administrator 
Resource Analysis Division 

WTH:LS:db 
Enclosures 



DISTRIBUTION LIST 

No. of Copies No. of Copies 

IDWR Report BSU Report' 

Sent to: 

Elizabeth Hyster 
U.S. Department of Energy 
785 DOE Place 
Idaho Falls, ID 83402 

Susan Prestwich 
U.S. Department of Energy 
785 DOE Place 
Idaho Falls, ID 83402 

Marshall Reed 
U.S. Department of Energy 
Forrestal Building 
1000 Independence Avenue, S.W. 
Washington, DC 20585 

Howard Ross 
Earth science Laboratory 
University of Utah 
Research Institute 
391 Chipeta Way, Suite C 
Salt Lake City, UT 84108 

5 bound 
1 unbound 
1 camera ready 

Total 11 

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

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



State of Idaho 
DEPARTMENT OF WATER RESOURCES 
STATE O F F I C E , 1301 Noith Oidwid street Dobe, Idoho 83706-2237 • (206) 334-4440 

CECIL D. ANDRUS 
Governor 

R. KEITH HIGGINSON 
Direaor 

December 21, 1987 

Susan Prestwich 
U.S. Department o£ Energy 
785 DOE Place 
Idaho Falls, Idaho 83402 

Dear Sue: 

Shortly, you will be receiving two 
deliverables for contract number DE-FG07 
report that I have prepared and the repo 
will be in to you by December 31. Unfor 
Geological Survey has not submitted thei 
because of computer problems and lack of 
reports section. I have discussed with 
importance of this report and he assured 
doing what he can to get the report out. 
delay, I will need to ask for yet anothe 
to this grant until the end of February, 

of the three 
-84ID12549. The 
rt B.S.U. prepared 
tunately, the U.S. 
r final report 
staff in their 
Bob Lewis the 
me that he is 
Based upon this 

r no-cost extension 
1988. 

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

Call me at 

Sincerely, 

fah V. Street 
Geologist 

yzz\ Howard Ross 



CECIL D. ANDRUS 
Governor 

A. KENNETH DUNN 
Director 

State of Idaho 

DEPARTMENT OF WATER RESOURCES 
SOUTHERN REGION 

•ilM^' 

2146 4th Ave. E. 
Twin Falls, Idaho 83301 

(208) 734-3578 

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, etc. are not included in my report. If you 
want to see the drafts, I will be glad to send them. 

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. 

Sincerely, 

0 

Leah V. Street 
Geologist 

LS:MB 

Enclosures 



Modification No. A003 
Part m . 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; 

\'iX){i_ Task 1. 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. 

,,// ^ Task 2. Continue collecting water samples from geothermal wells for 
^ chemical analysis. Evaluation of these results should 

Include an analysis of possible mixing. 

IQgP 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. 

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

|-\ ^ Task 6. Prepare a final report, which will include a geologic map of 
iijuJic- ^^^ 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: 



^ / Fart III - Statement of Wo; 
/ f'dge 1 of 

/ 

/ • 

STATEMENT OF WORK 

Grantee: IDAHO DEPARTMENT OF WATER PESuURCES 

The Grantee v/i]] accomplish the purpose of these Geotherma] Energy Investi­
gations by perforniing the follovn'ng tasks: 

O S ^ K Task 1. Sample, log, and perform chemical analyses for geotherma] springs 
g^PCiSr 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. 

^^j(qS Task 2. Characterize the geotherma] reservoir in the Twin Falls area. 
lltPO^"^ Specific objectives will be to determine the volume, longevity, 

and effect of present development on the resource, A report will 
be prepared describing the finding;; of this study. 

D S O Xask 3. Monitor and characterize the Boise geothermal resource. A monitor-
(Z£Pc^T ing system of pressure transducers would be installed on the non-

producing wells, tfie data stored on tape, and interpreted using a 
computer. At the end of one yQd.r a report will be prepared detailing 
the results of this task. 

Task 4. Provide the overall project manayemenL and complete and report on 
tasks in a timely manner. Management reports shall be provided 
as defined by the attached DOE Fonn EIA 459A, Reporting Require­
ments Checklist. The required reports are also suirjniarized as 
follows: 

1. Fonn 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. 

5. Final Report Due on completion date. 

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



UNIVERSITY OF UTAH RESEARCH INSTITUTE 

UURI 
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. o-f Water Resources 
2148 4th Ave East 
Twin Falls, ID 83301 

Dear Leah: 

Thank you for the opportunity to review the dra-ft of your 
report "Geothermal Resource Analysis in Twin Falls County, Idaho 
and "The Hydrothermal System in Central Twin Falls County, Idaho" 
by Lewis and Young. I really enjoyed reading these reports and 
through them I 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 Arta 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, 

-^^i^etf/ztA^ 
Howard Ross 
Project Manager 

end 
cc: P. Brookshier 



REVIEW COMMENTS 

Geothermal Resource Analysis in Twin Falls County, Idaho 

1. Needed for final report. Table of Contents; List of 
Illustrations and Tables; Acknowledgement of DOE Funding; 
DOE Disclaimer Statement; Abstract. 

2. 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. 

3. 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. 

4. 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. Please reread 
the text with this comment in mind. Please be certain to 
cross check the Reference list, and year of reference, with 
the text. 

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

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

7. Hydrologic Studies. The results of the hydrologic studies 
(p.22, etc) a re 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. 

8. Temperature Variations. Monitoring of wells (p.23) included 
temperature measurements as well as shut—in pressures (Task 
1). Temperatures (max or bht?) a re 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. 



9. Hvdrograph 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 
recorded 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. I 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? 

10. 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? 

11- Task 5. This task called for K-Ar or fission track dates 
on rhyolites and/or Banbury basalt if time and funding 
permits. Time has been extended and a balance of funds 
remains. Were any new dates obtained? If not, why not? 

12. 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 

p.9,1.4; warm (not hot) water reservoir? 

p.12,last line; refer to Figure 3 

p.13,17; that the average 

p.15, Acknowledgements- IDWR and DOE Funding, DOE Grant No. 

p.25, last line; interbeds, as .. 

p.30,1.13; declined. ; 1.14; refer to Figure 5. 

p.31,1.12; The artesian.. 

p.34,1.12; cal/cm s C j i y Substituting . . 

p.35,1.3; a minimum depth . 

p.36,1.1; waters; 1.3; watery . . . exhibit . . 

p.47,1.16; estimates f̂ sr when. . . 

p.54,12, isotope fraction . . 

p.56,1.12; lines, a re . . ; 1.14,21,24; per_mil 

p.59,1.5 from bottom; per_mil . . 

p.63,1.2; to aid the . . to determine the . . 

p.63,16; a point north of . . 

p.64, 1.8; Magnitudes (not intensities) 

p.66,1.8,9; is faulting down to the south consistant with known 
geology? 

p.67,1.4-8;contradiction(?); how can the middle unit near 
Hoilister 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 Plain does not 
show an extension. 



p.71,1.3 from bottom; South Hills not shown on Fig. 3 or 4. 

p . 7 4 , 1 . 1 ; t h e sy^tlem Idavada v o l c a n i c s . . 

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, Doise, Idoho 

K)HN V. EVANS Moi l ing address: 
. Govemof Stotehouse 

Doise, Idoho 6 3 7 2 0 
A. KENNETH DUNN (206) 334-4440 

Oreocx 

August 14, 1985 

BUD 

Peggy A. M. Brookshier 
U. S. Department of Energy 
Idaho Operations Office 
550 Second Street 
Idaho Falls, ID 83401 

RE: Modification No. MOOl to Grant No. DE-FG07-84ID12549 

Dear Ms. Brookshier: 

Enclosed please find the fully executed copy of the subject 
modification for your official file. 

l incerely. 

AMf-
ierry D . /Ga l ina to 
Jupervisor 

Resource Sec t ion 

GDG:sb 
e n d 

•\\. 

y 'ti 

VID. 

R E C E I V E ! 

AUG 1 5 Bo5 

'^^ANSCiV lr.>i; 

»8ANCH 



Stote of Idaho 

DEPARTMENT OF WATER RESOURCES 
STATE OFFICE, 450 W. State Street, Doise, Idaho 

X5HN V. EVANS 

Govemof 

A. KENNETH DUNN 

Dlwctof 

Moiling oddress: 
Stotehouse 

Doise, Idaho 63720 
(206) 334-4440 

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, 

D. 'Galinato 
Supervisor 
Resource Section 

GDG:sb 
e n d s 
cc : Leah S t ree t 

I< E C E IV E D 

AUG 1 2 1985 

ADVANCED TECHN.,.V.;GY 
BRANCH 



ASSURANCES 

"Tie 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 tlie 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 Civil 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. 

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, bool<s, papers, or documents related to the grant. 



9. It will comply with all requirements Imposed by the Federal sponsoring 
agency concerning special requirements of law, program requirements, 
and other administrative requirements. 

io. 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 
the EPA Office of Federal Activities indicating that a facility to be 
used in the project is under consideration for listing by the EPA. 

11. 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. 

j^^. 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-l et seq.) by (a) consulting with the State 
Historic Preservation Officer on the conduct of investigations, as 
necessary, to identify 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 grantor 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 V7ater Resources 

Geothennal Resource Evaluations 
Project Title: in Idaho 

Certifying Representativ§j^--^'0^^^"'^»^ _ 
^ ^ '/^SighatiTre 

y Ro< Resource Analysis 
Wayne Kaas, Division Administrator 

Name and Title 

August 7, 1985 
Date 

H3C-3950H 
-2-



INSTITUTION: 

STATE M\D LOCAL DEPARTMENT/AGENCY 
INDIRECT COST NEGOTIATION AGREEMENT 

Idaho Department of Water Resources 
S ta tehouse 
B o i s e , Idaho 83720 

1984 

DATE; 

FILING REF.: T h i s r e p l a c e s 
N e g o t i a t i o n Agreement 
d a t e d October 27. 1983 

The I n d i r e c t c o s t r a t e ( s ) c o n t a i n e d h e r e i n a r e for use on g r a n t s and 
c o n t r a c t s w i t h t h e F e d e r a l Government t o which F e d e r a l Management C i r c u l a r 
74-4 a p p l i e s s u b j e c c to t h e l i m i t a t i o n s c o n t a i n e d i n the C i r c u l a r and 
i n S e c t i o n I I A b e l o w . The r a t e ( s ) were n e g o t i a t e d by the Department 
of the I n t e r i o r , Off ice of I n spec to r Genera l , Western Region 
a n d t h e Sfafp. nf THahn, nppqr^TnPnt- nf Wafer BpRrmrppp ' 
in a c c o r d a n c e w i t h t h e a u t h o r i t y ronr . i inud ir. At tachment A, S e c t i o n 
J . J . of t h e C i r c u l . i r . 

SECTION I : R a t e s 

Type 
E f f e c t i v e P e r i o d 
Prom To Rate* L o c a t i o n s 

A p p l i c a b l e 
t o 

F i n a l 

Fixed carry­
forward 

r " m carry­
forward 

7/1/82 

7/1/83 

7/1/84 

6/30/83 

6/30/84 

6/30/85 

30.6% 

29.4% 

33.3% 

All 

All 

All 

All 

All 

All 

•Base: Total direct costs less pass-through"funds, capital 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. 



•v A 
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SECTION II; General Page 2 of 2 

A. LIMITATIONS: Use of the rateC*) contained in this agreement is subject to any-
applicable statutory limitations. Acceptance of the rate(6) agreed to herein is 
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 direcC 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. CUANGES: If 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 resul tin; 
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 RAT£(S): Contained in this agreement is based on an estimate of the 
costs which will be incurred during the period for which the r.-ite applies. When the 
actual costs for such period have been determined, an adjustment will be made in the 
negotiation followlnt; 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 tKe 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 OF FEDERAL AGENCIES: Copies of this document may be provided to 
other Federal offices as a means of notifying them of the agreement contained 
herein* 

G. SPECIAL RQ-IARKS; None 

ACCEPTANCE 
By the 

Name 

Djirgctpr. 
Title 

nrtnhpr ?s^ 1QR4 
Date 

By the Responsible Agency 
For the Federal Government 

1 

uMy^^-A^ U l 

Gerald W. Hicks 
Name 
Regional Audit Manager 
Western Region 
Title 
U.S. Department of the Interior 
n f f i r p n f J r i Q p p r f n r H p n p r a l 

n y • 1984 
Date 

Agency 

Negotiated bv W. Michael Keefe 

Telephone (915) 484-4768 
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Umttr t h * authority o l Public Law 

NOTICE OF FINANCIAL ASSISTANCE AWARD 
{See Instructions on Reverse) 

93-410 and 
Mbiect to lagitlation, rvqulatiom and policiat aaplicabia to (cite legisiatrve program title): 

Geot.hermal Research, Development, and Demonstration Act of 1977 
1. PROJECTTITLE 

Geothermal Resource Evaluations in Idaho 
2. INSTRUMENT TYPE 

• C GRANT 

3. RECIPIENT I'fjlame. address, zip code.. 

State of Idaho 
> code and tefephona noJ 

Department of Water Resources 
Statehouse, Boise, Idaho 83720 

8. RECIPIENT PROJECT DIRECTOR (Name and telephone No.) 

Leah V. Street (208)334-3788 

9. RECIPIENT BUSINESS OFFICER (Nameand telephone N a ) 

I I . OOE PROJECT OFFICER (Name, address, zip code, tefepltone No.) 

R. Eldon Bray (208)526-0086 
U.S.DOE, Idaho Operations Off ice 
550 Second Street, Idaho Fa l ls , ID 83401 

CgxpOPERATIVE AGREEMENT -

4. INSTRUMENT NO. 
DE-FG07-84ID12549 

6. BUDGET PSVOD 

FROM: 8/17/84THmj: 8 / 1 7 / 8 5 
10. nrPE OF AWAAO 

S NEW 

G REVISION 

5. AMENDMENT NO. 

7. PROJECT PERIOD 

FTOM: 8 / 1 7 / 8 4 THBU 8 / 1 7 / 8 5 

n CONTINUATION 

n SUPPLEMENT 

C RENEWAL 

12. ADMINISTERED FOR OOE BY (Name, addrtts. zip coda, tefeohonaNo.) 

Elizabeth M. Hyster (208)526-1229 
U. S. Department of Energy 
Idaho Operations Office 
550 Second Street 
Idaho Falls, ID 83401 

13. RECIPIENT TYPE 
S STATE GOVT 

C LOCAL GOVT 

D INDIAN TRIBAL GOVT C HOSPITAL 

U INSTITUTION OF 
HIGHER EDUCATION 

L OTHER NONPROFIT 
ORGANIZATION 

^ FOR PROFTT 
ORGANIZATION 

Dc D P GSP 

G INDIVIDUAL 

G OTHER (SoecOyf 

14. ACCOUNTING AND APPROPRIATIONS DATA 

89X0224.91 
b. B Er R Number 

AMI 510000 
c. FT/AFP/OC 

ID-44-91/250 
:6. BUDGET AND FUNDING INFORMATION 

a. CURRENT BUDGET PERIOD INFORMATION 

(1) OOE Funds Obligated This Action 

12) OOE Funds Authorized for Carry Over 

(3) DOE Funoi Previouily Obligated in this Budaet Peria 

(4) OOE Share of Total Approvec 

(5) Recipient Share of Total Apoi 

\6) Total Approved Budget 

(Budget 

rtived Budget 

d $ 

-0 -

qfi,'57o 
- n -

QR,S7Q 

d. CFA Number 

15. EMPLOYER l.D. NUMBER/SSN 

b. CUMULATIVE DOE OBLIGATIONS 

(1) This Budget Period 
[Totat of lines a.(1) and a.a)\ 

(2) Prior Budget Periods 

(3) Proieet Period to Oat* 
[Total of lines b. ( I landb. (Z'j 

, - 0 -

.: QR.CTC 

-.7. TOTAL ESTIMATED COST OF PROJECT S 

IThis IS r ^ current estimated cost o f tfte project, tt is not a promise to award nor an auOtoruaxion to expend funds in rtiis amount.l 

18. AWARD. AGREEMENT TERMS AND CONDITIONS 

This award/agraemom consists of this form plus t lw foUowina. 

a. Soeaal terms and conditions (if grant) or schedule, general tjiuvisions, special provisiors (if cooperative agiaeicenO 

t . Apolicaote program regulatians (specify). N/A JDara*. 

c DCE Assistance Regulations. 10 CFR Pan-600. a» amended. Subparts A and XS B (Grants! or C" c (Cooperative Agreements), 

d. Aos!ication<Droposal dated . . / ol/a'* [3 as submitted S with changes as negotiated 

-.9. REMARKS "" ' ' '. 

This Grant consists of this NFAA, Part I-Budget Plan, Part Il-Conditions, and Part Ill-Staterrer 
of Work. The DOE Financiai Assistance Rules (lOCFR Part 600), OMB Circular A-102, CMS Circular 
A-37 

ro . EVIDENCE O f RECIPIENT ACCEPTANCE 

- ^ ISignature J ^ u t t : o r i ( f y Recipient 

Warvne H a a s 
IName) 

Resource A n a l y s i s D i v i s i o n Adain is 

21. AWARDED BY 

iTi del i r a r o r 

^ ^ A _ \ >. V S ( ^ OL>>>rv ^ 
A 
( -—'^•' 

(Signature) 

William C. Drake 
INamei 

Contracting Off icer 
ITitle) 

ŷ  i n 
(Date! 



TECHNICAL EVALUATION OF A GRANT PROPOSAL 

TITLE: 

SUBMITTED TO: 

SUBMITTED BY: 

AMOUNT REQUESTED: 

PROPOSED DURATION: 

PROPOSAL DESCRIPTION: 

(1) 

(2) 

(3) 

(4) 

Geothermal Resource Evaluations in Idaho, 1984-1985. 

Department of Energy, Idahp Operations Office. 

State of Idaho 
Department of Water Resources 
Statehouse 
Boise, ID 83720. 

$119,101. 

One year. 

The proposer offers to perform four tasks which are: 

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. 

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. 

Monitor and characterize the Boise geothermal resource. 

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 
Task 3 
Task 1 
Task 4 

$ 81,851 
12,250 
20,000 
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. 



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. 

2. 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 low priority item. 

3. 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. 

2. Materials: Material costs are not listed separately, but are included 
in other categories such as laboratory and overhead. 

3. Subcontracts: Subcontract activities, as indicated for Task 3, appear 
to be reasonable and appropriate. 

4. 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. 

5. Other Direct Costs: Other direct costs include laboratory, geophysics, 
report publication, and equipment; they appear to be reasonable. 

6. 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. 

7. 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. 



3 -

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, 

•.1/̂ 1 p A t-, / - C'^-f' 

y 
Date R. Eldon Bray 

General Engineer ••̂  
Advanced Technology Division 
U. S. Department of Energy 
Idaho Operations Office 
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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. 

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. 

B. 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. 

B. 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. 

C. All 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 

D. 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. 

-2-



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. 

B. 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. 

C. 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. 

B. 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. 

C. It is doubtful that any savings can be realized or that competition 
can be increased by relaxing schedules. 
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5. 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: 

i lW^ 
R. E. Wood, Director 

Energy and Technology Division 

CONCUR 

George 
Office of 

nngerson 
ie Chief Counsel 

J. F. Marmo, Director 
Contracts Management Division 

APPROVED: 

Troy E. Wade, Manager 
Idaho Operations Office 
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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, longevity, 
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 EIA 459A, Reporting Require­
ments Checklist. The required reports are also summarized as 
fol1ows: 

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 
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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 copies of the topical report for 
Task 1, above, to be distributed as specified in the attached DOE 
Form EIA 459A 

2. One camera-ready plus 16 additional copies of the topical report for 
Task 2, above, to be distributed as specified in the attached DOE 
Form EIA 459A. 

3. One camera-ready plus 16 additional copies of the topical report for 
Task 3, above, to be distributed as specified in the attached DOE 
Form EIA 459A. 

4. One camera-ready plus 16 additional copies of the Final Report to 
be distributed as specified in the attached DOE Form EIA 459A. 

5. Other reports previously described under Task 4, above, will also be 
prepared and issued in the amounts and at the frequency shown. 



U.S DEPARTWEKl OF ENERGY 
IDAHO OPERATIONS OFFICE 

REPORT DISTRIBUTIOK UST 

U. S. Department of Energy 
Idaho Operations Off ice 
550 Second Street 
Idaho F a l l s , ID 83401 

A t t n : R. Eldon Bray, Prograrri Mgr. 
Energy & Technology Div is ion 

A t t n : El izabeth M. Hyster 
Contracts Management Div. 

A t t n : E. G. Jones, Director 
Financial Mcneaenerit Div. 

U. S. Department of Energy 
Forrestal B ldg . , CE-324 
1000 Independence Ave, S.W. 
Washington, DC 20585 

A t t n : Ron Toms 

Univers i ty of Utah Research I ns t i t u te 
Earth Science Laboratory 
391 Chipeta Way, Suite C 
Salt Lake C i t y , UT 84108 

A t t n : Duncan Foley 

U. S. Department of Energy 
Technical Infonnetion Center 
P. 0. Box 62 
Oak Ridoe, TN 37830 

Special Instructions 



US CEFARTMES'T OF ENERGY 

FEDERAL ASSISTANCE REPORTING CHECKLIST 
f O R V APPROVtD 

1. Identification Number; 

DE-FG07 

2. Pfogram.'Pfojeci Tnle: Geo the r t f i a l 

3. Recipient: 

4. Reponing Requirements: 

PROGRAM.PROJECT MANAGEMENT REPORTING 

I I Federal Assisisnce Miiestor>e Plan 

L__J Federa! Assistance Budge: Infornsiion Form 

' " ' Federal Aisisrance Mar"iaoemen; Summary Repon 

nn 
L A J Financia' Status Repon, OMB Form 269 

TECHNICAL INFORMATION REPORTING 

\ J u Notice ol Energy'RDbD 

n 
I I Technica' Prog'ess Report 

L A J Topical Report 

L i J Final Technica! Report 

Frequency 

Q 

F 

No. of Copies 

A 

F 

Addressees 

FREQUENCY CODES AND DUE DATES: 

A - As Necessary: within 5 calendar days after events 

F-final: Upon complet ion date 
D - QLiarrerly. withinl 5 d3>'S ahs' end of calenda' Quaner or ponion thereof. 
0 - One time atie: proieci stans wrtnir, 30 day's ahe: aAaid 
X • Reauirec vw-rth proposa:;, c v\-r:h the appicatio^ c wit!" 5:5-';f:C3".; p'.a-.̂ .nz changes 
Y - Yearly, 30 days afte' tne end o' program yea-. (Fmancia' Stat'js Repons 9C' days 
S - Semiannualiy: within 30 da>'s after end of p'og-am fiscal half yea;. 

5. Special Instructions: 

6. Prepared by: (Signature and Date; 7. Reviewed by: (Signature and Date' 



US. DEPiRTMPNT OF -"'I'^RGY 

DOE F 4220.2 (6-80) (Formerly P 1^-415 ) 

S M A L L BUSINESS/LABOR SURPLUS SET-ASIDE REVIEW I.D. NO. 

ITEM TITLE/DESCRIPTIOPvl SMALL BUSINESS SIZE STANDARD 
RECOMMENDED BY S.B. SPECIALIST 

EMPLOYEES NUMBER 
DOLLAR $ 
SIC CODE: 

PROGRAM OFFICE: ^ ^ g ^ ^ J ^ ^ j - Q y / S e r W a y ^ C / * PROCURING ACTIVITY: ^ ^ ^ / ^ ^ / ^ ^ ^ / - / ) / ^ 

SB/LS PARTICIPATION WAS CONSIDERED IN THE PREPARATION OF 
THIS PROCUREMENT ITEM AND FOLLOWING IS RECOMMENDED: 

D Snnall Business Set-Aside % $ 

n Labor Surplus Set-Aside % $ 

n SBA Section 8(a) Procurement 

^^[^Set-Aside Action Not Recommended 

NAME AND LOCATION OF PROPOSED 
SOURCE: (if Sole Source) 

n Small Business 

n Labor Surplus Firm 

n Minority 

D Other 

SET-ASIDE NOT FEASIBLE BECAUSE: 

n No Reasonable Expectation of Receiving Sufficient Offers 
from SB/LS Firms to Assure Award* 

DProgram Objectives Dictate Broadest Possible Solicitation to 
Obtain "Best Available" Expertise* 

DSolicitation if for "Best Idea/Approach" R&D Effort 

n Continuing and Directly Related R&D Effort. Competitive 
Procurement Not Feasible for Economic and/or Technical 
Reasons 

n Procurement is for Completion or Within-Scope Expansion 
of Current Contract 

DThis is for Extension of Current Services to Allow Preparation/ 
Award of Competitive Follow on Procurement 

DSole Source as Determined Under Current DOE Policy Directives 
D Funding of Unsolicited Proposal Under Current DQE Policy 

Directives 

^jOther* 
'Explanat ion Required 

EXPLANATION/ADDITIONAL COMMENT: 

/ i y ' y < " y / c ^ y ^ / y / / Z-^/Ye'^ A ^ T ^ ^ y ^ 

y^/-f? ^ ^ < ^ y ' ^ s /3 / -es . 
SMALL BUSINESS SPECIALIST 
CONSULTED {Ctieclt. One) A Yes D No 

,ee}2£s2. 
PR. REQUESTOR 

TELEPHONE 

DATE 

SMALL BUSINESS SPECIALIST'S ENDORSEMENT 
D Accepts D Requests Reevaluation 

D Request Solicitation of SB/LS Sources Attached 

a Request Special SB/LS/MB Incentive Provisions (Attached) 

n Other Comments/Attached 
SMALL BUSINESS SPECIALIST DATE 

REEVALUATION OF RECOMMENDATIONS/FINDINGS 

n Reaffirmed 

n Set-Aside Feasible 

AUTHORIZING PROGRAM OFFICIAL OATE 

REVIEWED BY SBA 

D Request Solicitation of SB Sources Attached 
SBA Form 70 Attached D Yes D No 

SBA REPRESENTATIVE DATE 

PROCUREMENT OFFICER'S ACTION 

D SB/LB Set-Aside D Set-Aside Not Initiated 

n Other Recommendations/Request Noted and Appropriate 
Action Taken 

CONTRACT NO.(S) SB/MB/OTHER 

PROCUREMENT OFFICER DATE 

ORIGI^IAL-CO^f^RACT FILE (RJLLY EXECUTED) 
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A. KENNETH DUNN 
Director 

State of Idaho 

DEPARTMENT OF WATER RESOURCES 
STATE OFFICE, 450 W. State Street, Doise, Idolio 

JOHN V. EVANS Moi l ing address: 
GovwTxx Stotehouse 

Doise, Idolio 83720 
(208) 334-4440 

J u n e 1 3 , 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. 

S incerely. 

fh V. S t r e i 
G e o l o g i s t , G e o t h e r m a l Program 

LVS:dc 

e n c l o s u r e 



INTRODUCTION 

The state of Idaho along with other federai agencies has been 

involved in 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 b'lectricity ( >90''C) 

2. Characterization of Direct Use Geothermal Resource Sites 
{ < 9 0 ° 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 

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 geothermal resource data base. Identification of these 

tasks was a result of coordination among geothermal experts from 

the state, U.S. Geological Survey, Bureau of Land Management and 

private industry. 

The proposal consists of an introduction, four task items, 

budgets, 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 element with a 

specific deliverable. 

Task 1 IS a continu'ation of the sampling and logging of ther­

mal wells in Idaho. It is estimated that 25 geothermal v̂ ells 

have been drilled in southern Idaho during the past two years. 

Deliverables will include a report listing the chemical analyses, 

estimates of reservoir temperatures and where possible, tem­

perature profiles. 

Task 2 will characterize the geothermal reservoir in the Twin 

Falls area. Specific objectives will be to determine the volume, 

longevity and effect of present development on the "resource. 

Deliverables will include a report describing the findings of the 

study. 

Task 3 will monitor and characterize the Boi.-se 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 graduate students at the three state universities. 

Deliverables will include final reports of the research 

activities, 

It is 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 to update the 

existing data base. 

Approach; The thermal wells will be located, inventoried, 

sampled, and the results analyzed. Using geothermometers, esti­

mates of reservoir temperatures will be made. 



TASK #2 TWIN FALLS THERMAL AQUIFER CHARACTERIZATION 

Background : The Twin F a l l s a r e a i s one of t h e S t a t e ' s 

f a s t e s t g rowing a r e a s fo r deve lopmen t of g e o t h e r m a l r e s o u r c e s . 

C u r r e n t deve lopmen t in t h i s a r e a i s l o c a t e d between Salmon F a l l s 

Creek on t h e w e s t , t h e c i t y of Twin F a l l s on t h e e a s t , and s o u t h 

t o t h e Nevada b o r d e r . The r e s o u r c e i s b e i n g used fo r s p a c e 

h e a t i n g of homes and g r e e n h o u s e s , and f o r some b u i l d i n g s on t h e 

campus of t h e C o l l e g e of S o u t h e r n I d a h o . O t h e r u s e s i n c l u d e 

r e c r e a t i o n and f i s h f a r m i n g . In t h e l a s t s e v e r a l y e a r s more than 

40 w e l l s have been d r i l l e d t o p r o v i d e ho t w a t e r . The w e l l s r ange 

in dep th from s e v e r a l hundred f e e t t o 2 ,200 f e e t . They p r o d u c e 

w a t e r r a n g i n g in t e m p e r a t u r e from n e a r 30° t o 72°C, One w e l l 

y i e l d s as much as 6 ,000 g a l l o n s p e r m i n u t e wi th a s h u t - i n 

p r e s s u r e of a b o u t 250 p s i . 

To d a t e , t h e U . S . G e o l o g i c a l Su rvey in c o o p e r a t i o n w i t h t h e 

U . S . Depar tment of Energy (DOE IA No. DE-A107-80ID12173) has 

c o m p l e t e d one s t u d y . Based on e x i s t i n g w e l l s and s p r i n g s , t h i s 

s t u d y p r o v i d e d v a l u a b l e h y d r o l o g i c and c h e m i c a l i n f o r m a t t o n 

d e s c r i p t i v e of t h e g e o t h e r m a l r e s o u r c e s as t o ; (1) t h e a r e a l 

e x t e n t of t h e g e o t h e r m a l r e s o u r c e ; (2 ) w a t e r t e m p e r a t u r e s and 

p r e s s u r e s a t t h e l a n d s u r f a c e ; (3 ) c h e m i c a l and i s o t o p i c c h a r a c -

t e r of t h e t h e r m a l w a t e r ; and (4) e s t i m a t e d r e s e r v o i r t e m p e r a ­

t u r e s a t d e p t h d e t e r m i n e d by use of g e o c h e m i c a l t h e r m o m e t e r s . In 

a d d i t i o n , d r i l l i n g has s t a r t e d on a 1,500 foo t t e s t h o l e in t h e 

a r e a s o u t h of t h e town of F i l e r . 

P rob lem; A l t h o u g h t h e above s t u d y has r e s u l t e d in a b e t t e r 



understanding of the geothermal resources, definition of the 

areal extent of the resource is limited to areas of existing 

wells and springs. Consequently, little is known about the 

occurrance and extent of the resource in areas where there are no 

well,s. Also, the effect of current development on the resource 

IS 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: 

(1) 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-IB, In addition, 

several AMT electrical profiles would be made. One well would be 

equipped with a continuous recorder to monitor head-pressure 

fluctuations. Periodically during the study, selected wells 

would be visited and water level or pressure measurements made, 

A report would be prepared for publication. 



TASK #3 MONITORING OF GEOTHERMAL RESOURCE IN BOISE 

Background; Currently the city of Boise ranks as the second 

largest 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 inadequate to predict the reservoir character­

istics. Increased demands on this system could result in a water 

management problem. 

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 is definitely a start, but a more comprehen­

sive study IS necessary to more fully understand the aquifer. 

A pressure monitoring system would be installed on the non-

producing wells. These wells would be equipped with pressure 

transducers. Output from the transducers would be stored on tape 

and interpreted using the Department's computer. At 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 is multi-

disciplinary and, in most cases, is not taught as a course. 

Researching site-specific resources is an opportunity for senior 

or graduate students to apply practical methods to a field 

problem. 

Problem; Although most of Idaho's geothermal resources have 

Deen 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 

S a l a r i e s $27,000 $25,000 
F r i n g e 6 ,210 
Travel 3,000 
Equipment 
Vehicles 
Laboratory 
Geophysics 
Report Publication 
Overhead and 
Technical Support 

TOTAL $36 
42 

. 78 
23 

$101 

,210 
,500 
,710 
,141 
,851 

2,250 
2,000 
1,500 
2,500 

12,500 
1 ,000 

38,250 

$85,000 

$42,500 
$42,500 

IDWR 
USGS Indirect (.294) 

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 
G r a d u a t e S t u d e n t s $ 6 ,000 
P r o f e s s i o n a l Hydro - 2 ,000 - Ĉ /̂M..v(c fi„<i«ifinf̂  

l o g i c A d v i s o r 
Equipment ( c e n t r a l 2 ,500 

r e c e i v e r , p r o b e s , 
w i r i n g , e t c , ) 

T r a v e l 
Time; 1 y e a r n and 

Grants 

misc 

to 

1 
$12 

state 

$5, 

750 
,000 
,500 

universities 

000 

TASK #4 

G r a n t s 

C o n t r a c t management c o s t s for Task #3 and #4 a r e i n c l u d e d in t h e 
1 FTE s a l a r y . 

Lib iliM UVi "* 

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 

Commerc ialization 

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 influence 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 and sampled most of 

the thermal springs and wells in Idaho. Results of these studies 

have been published, and a state geothermal map has 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 geothermal resources. 
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Eastlake, W,B,; and Street-Martin, L., 19BU, Salmon, Idaho - Site 
Specific Development Analysis: Idaho Office of Energy Pub. 

Eastlake, W.B.; and Street-Martin, L., 1980, Preston, Idaho -
Site Specific Development Analysis: Idaho Office of Energy 
Pub. 

Hammer, G.D,; and Esposito, L,, 1979, Idaho Geothermal Handbook; 
Idaho (.)ffice ot Energy Pub, 

McClain, U,W,, 1979, Geothermal Energy in Idaho: Site Data Base 
and Development Status; OIT Geo-Heat Utilization Center in 
cooperation with Idaho Energy Office. 

McClain, D.W.; and Eastlake, W.B., 1980, Magic Hot Springs, Idaho 
- Site Specific Development Analysis: Idaho Office of Energy 
Pub. 

McClain, D.W,; Eastlake, W,B.; and Sifford, A.~, 1980, Butte City, 
Idaho - Site Specific Development Analysis: Idaho Office of 
Energy Pub, 

McClain, D,W,; and Eastlake, W,B., 1980, Grand View, Idaho - Site 
Specific Developinent Analysis: Idaho Office of Energy Pub, 

McClain, D,W,, 1980, A Review of Institutional Factors Affecting 
Geothermal Resource Development in Idaho: Idaho Office of 
Energy Pub. 

McClain, D.W., 1979, Weiser Hot Springs, Idaho - Site Specific 
Development Analysis; Idaho Office of Energy Pub. 



McClain, D.W,; Eastlake, W,B,; and Gross, M., 1979, Stanley, 
Idaho - Site Specific Development Analysis: Idaho Office of 
Energy Pub, 

McClain, D.W,; and Eastlake, W,B., 1979, Hailey, Idaho - Site 
Specific Development Analysis; Idaho Office of Energy Pub. 



RESOURCE ASSESSMENT 

Brott, CA,; Blackwell, D.D.-, and Mitchell, J.C, 1979, 
Geothermal Investigations in Idaho, Part H, Heat Flow Studies 
of the Snake River Plain, Idaho: Idaho Department of Water 
Resources, Water Information Bulletin No. 30, 195 p, 

Corbett, M,K,; Anderson, J,E,; and Mitchell, J,C, 19BU, 
I Geothermal Investigations in Idaho, Part IU, An Evaluation of 

Thermal Water occurrences in the Tyhee Area, Bannock County, 
Idaho: Idaho Department of Water Resources, Water Informa­
tion Bulletin No, 30, 67 p. 

, 1976, Geothermal Investigations in Idaho, Part 6, 
Geochemistry and Geologic Setting of the Thermal and Mineral 
Waters of the Blackfoot Reservoir Area, Caribou County, 
Idaho; Idaho Department of Water Resources, Water Informa­
tion Bulletin No, 30, 48 p. 

^ , 1976, Geothermal Invesigations in Idaho, Part 7, 
Geochemistry and Gfeologic Setting of the Thermal VJaters of 
the Camas Prairie Area, Blaine and Camas Counties, Idaho: 
Idaho Department of Water Resources, Water Information 
Bulletin No, 30, 44 p, 

Mitchell, J,C,; Johnson, L,L,; and Anderson, J,E., 1980, 
Geothermal Investigations in Idaho, Part 9, Potential for 
Direct Heat Application of Geothermal Resources: Idaho 
Department of Water Resources, Water Information Bulletin No. 
30, 39b p, 

Mitchell, J.C, ed,, 1981, Geothermal Investigations in Idaho, 
Part ii. Geological, Hydrological, Geocheftrical and c;eo-
physical Investigations of the Nampa-Caldwell and Adjacent 
Areas, Southwestern Idaho: Idaho Department of Water 
Resources, Water Information Bulletin No. 30, M 3 p. 

Kightmire, CT.; Young, H,W.; and Whitehead, R.L.; 1976, 
Geothermal Investigations in Idaho, Part 4, Isotopic and 
Geochemical Analyses of Water from the Bruneau-Grand View and 
Weiser Areas, Southwest Idaho: Idaho Department of Water 
Resources, Water Information Bulletin No. 30, 28 p. 

Young, H.W., 1975 b, Geothermal Investigations in Idaho, Part 3, 
An Evaluation of Thermal Water in the Weiser Area, Idaho: 
Idaho Department of Water Resources, VJater Information 
Bulletin No. 30, 35 p. 



Young, H.W.; and Mitchell, J,C, 1973, Geothermal Investigations 
in Idaho, Part 1, Geochemistry and Geologic Setting of 
Selected Thermal Waters: Idaho Department of Water 
Resources, Water Information Bulletin No, 30, 43 p. 

Young, H.W,; and Whitehead, R.L,, 1975 a, Geothermal Investiga­
tions in Idaho, Part 2, An Evaluation of Thermal Water in the 
Bruneau-Grand View Area, Southwest Idaho: Idaho Department 
of Water Resources, Water Information Bulletin No. 30, 126 p. 



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, 
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U S DEPARTMENT OF ENERGY 

FEDERAL ASSISTANCE REPORTING CHECKLIST 

OMB MO inaoi j7 

1. Identification Number: 

DE.FG07 

2. Pfogram/Pfoject Tftle: Geothermal 

3. Recipient: 

4. Repoaing Requirements: 

PROGRAM.PROJECT MANAGEMENT REPORTING 

I 1 FwJetal Assistance Mileaont Ptan 

I I Federal Assistance Budget Information Form 

1 ^ 1 Federal Assistance Mar^agement Summarv Report 

Federal Assistance Program/Proiect Status Report 

Financial Status Report, OMB Form 269 CD 
TECHNICAL INFORMATION REPORTING 

1 ^ J Notice o< Energ/RO&D 

I I Technical Progress Repon 

I X I Topical Report 

I ^ J Final Technical Report 

Frequency 

Q 

F 

A 

F 

No. of Copies Addressees 

FREQUENCY COOES AND OUE DATES: 
.\ 

A • As Necessary: within 5 calendar days after events. 
F - Final; 90 calendar days after the performance of the effort ends. 
0 • Quarterty: within 30 days after end of calendar quaner or ponion thereof. 
0 - One time after project starts: wrthin 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 daysl. 
S - Semiannually: wiihin 30 days after end of program fiscal half year. 

5. Special Instrunions: 

* 

6. Prepared by: (Signature and Date) 7. Reviewed by: (Signature and Date) 



U.S. DEPARTMENT OF ENERGY 
IDAHO OPERATIONS OFFICE 

REPORT DISTRIBUTION LIST 
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AdOress&es 

U. S. Department of Energy 
Idaho Operations Office 
550 Second Street 
Idaho Fal ls, ID 83401 

Attn: R. Eldon Bray, Program Mgr. 
Energy & Technology Di\Aision 

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 

Attn: Ron Toms 

University of Utah Research Inst i tute 
Ecrth Science Laboratory 
391 Chipeta Way, Suite C 
Salt Lake Ci ty , UT 84108 

Attn: Duncan Foley 

U. S. Department of Energy 
Technical Infonr.ation Center 
P. 0. Box 62 
OeV. Ridae, TN 37830 

Number of Report Copies 

2 

1 

1 

1 

1 

2 

1 

1 

1 

1 1 

1 

8 

1 

6 

1 

8 

1 

6 

1 
•*t 

i 

1 

Special Instructions 



RESUME OF 
KEY PERSONNEL 



Leah V. Street 
97 Rainier Lana 

Boise, Idaho 83702 
(208) 334-3788 

EDUCATION 

Acadeole: 

B.Sc, Geology, Boise State University, 1975 
M. S c , Geology, Western Washington University, 1980 

Specialized In the analytical and Interpretive geochemistry of 
blueschlst/greenschlst, pelltlc schist and Iron. Thesis provided 
evidence for ophiolite affinity of fortsatlon. 

Professional: 

0 State-Federal Geothemal 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,3DOE. 

0 Technical Assistance Training Session In Geothermal Direct-Use 
Applications, Klamath Falls, Oregon, June, 1981. Sponsor - OIT 
Geo-Heat Center. 

0 Current Geothermal Legislation, Seattle, Washington, August, 1981. 
Sponsor * WSEO,USDOE. 

0 Workshop on Siting, Planning, Drilling, and Completion of Low to 
Moderate Temperature Gieothermal Production and Observation Wells, 
Reno, Nevada, February, 1983. Sponsor -GRC. 

PROFESSIONAL ACTIVITIES .j. 
I. 

Member, Geothermal Resources Council 
Chairperson, Exploration Subcommittee for 1983 Annual Meeting 

Member, American Institute of Professional Geologists 

Testimony before the Subcommltcee on Public Lands and Reserved Water of the 
Energy and Natural ResoVirces Committee, United States Senate on S. 1516 
the "Geothermal Steam Act of 1981". December 12, 1981. 

Served on regional geothermal task force that provided technical 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 government, 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 inedia, and civic and private organizations. Wrote 
Idaho's portion of regional BPA and DOE proposals. Monitored technical contract 
related to mineral resources. 

(November 3, 1980 to Present) 

Geologist: Bureau of Land Management, Route if 3, Box 1, Bur ley, Idaho 83318 

Had lead responsibility conducting a building stone Inventory in the Burley 
BLM District which covers three counties in southem 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 and claim owners, 
estimating reserves of buil'ding stone, field investigation of the quarries as 
well as compiling this information into a written report and mining claim map. 
Advised claimants on environmental 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 charge of water quality lab and the field sampling for bacterial analyses. 
Used the standard method for coliform concentrations. Conducted field analyses 
for D.O. and pH, and determined suspended and bedload quantities in the lab. 
Helped to prepare reporta and papers for publication. Duridg the sutimier of 
1976, supervised two field technicians as veil 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 Aaslstant: 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 levela 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-Tertlary Mafic Volcanic Rocks in the Westem 
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 
Developtnent Analysis: Idaho Office of Energy Publication. 

Eastlake, 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 Environ. Qual., 
vol. 7, no. 1, pp. 150-157. 

Stephenson, G.R. and L.V. Street. 1978, Water Quality Inventory of Rangelam 
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, Idaho. 

Stephenson, G.R. and L.V. Street. 1976, Quality of runoff from nonpolnt 
sources on a southwest Idaho rangeland watershed, ̂ street, Pres. 
at the 43rd Annual Meeting of the Northwest Pollution Control 
Administration, Seattle, Washington, October»i 

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 
Patti Plaza 
Boise, Idaho 83705 
208-334-1434 


