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Levels of radioactivity in excess of federal MCLs or Arizona guidelines are shown in bold

Table 2
Surface Water Statistical Data (pCi/L)

Radiochemical Mine Sites Number Min. Max. Avg. Std. Dev.
Gross Alpha MP,MM,CB, TR,AL,DF,HS,NC 54 0 1240 83.5 188.4
Gross Beta CB,MP,MM,TR,NC 32 0 128 27.1 34
U-238 CB,TR,AL,HS,NC 19 0.1 678 83.8 168.2
U-234 CB,TR,AL,HS,NC 19 0.2 577 80 141.8
U-235 CB,TR,NC 9 0.04 2.9 11 0.9
Ra-226 CB,MP,NC 29 0 71.8 6.4 13.8
Ra-228 MP,CB, TR,AL,DF,HS,NC 18 0 55.5 5.6 13.1
Total-U MP,CB,TR,NC 12 0.01 329 6.6 10.9
Rn-222 MP 3 39 120 68.3 44.9
Total 8 MINES 195
Levels of radioactivity in excess of federal MCLs or Arizona guidelines are shown in bold

Table 3

Sediment and Soil Statistical Data (pCi/g)

Radiochemical Mine Sites Number Min. Max. Avg. Std. Dev.
Gross Alpha AL,DF,HS,MM 25 0.5 395 63.1 90.0
Gross Beta AL,DF,HS,MM 25 22 248 69.4 52.3
U-238 AL,DF,HS 20 0.7 63.3 7.9 14.2
U-234 AL,DF,HS 20 0.9 60.8 10.0 16.6
Ra-226 AL,DF,HS 20 0.7 82.6 104 19.7
Totals 4 Mines 110
Levels of radioactivity in excess of federal MCLs or Arizona guidelines are shown in bold

Table 4

Process Solutions Statistical Data (pCi/L)

Radiochemical Mine Sites Number Min. Max. Avg. Std. Dev.
Gross Alpha MP,MM,MF,SC 43 1.3 8649 1841 1850
Gross Beta MP,MM,MF 41 3.0 3683 975.6 881.7
U-238 MF 2 248 1611 929.5 963.8
U-234 MF 2 254 1745 999.5 1054.3
U-235 MF 2 11.6 598 304.8 414.7
Ra-226 MF,SC 4 19.5 193 86.3 79.1
Ra-228 MF,SC 4 2.0 19 7.8 8.0
Total-U MF,CS,TB 6 0.8 4362 1895.9 1532.9
Rn-222 MF,SC 4 243 3760 1805.7 1593.5
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Figure A: Location Map of TENORM Sites

|16® 8'07 A i
Lake Powell ’ .4 ‘ I
Ka.enta ' |
Lake ®s9 ’ 4 i ]
Mead | ! |
) [ :
| i |
Dam P l '
$iGrand Canyon ‘ ' H
*p3 | |
5S4 ] ' ]
55 i | |
| f !
p | |
) | l A0
: | i ' |
i V10 Hillside /0 i Holbrook l |
. “ Prescott Verde Valley I 2
Baddad i ' 1 |
=51 '
e \3\’ ’ St. Johns I
) m Payson ! 0S3 ] |
''''' ~ A f wan | ,
./\ %%%\ziw | (J e
-, | /l
) ,J'_\// |
! \I:into Valley /’F/ ‘
J Mian%?i " ;SG'Ob? i |
- V V29 Morenci .
V34 "\ 8§52~ '
me o v3.1 : \.. ' \ *n l
Florence  Vv35 y33 ; Clifton
| n Vo
Safford \ '
San Manuel ® ’ ! I
I.New comela N\ ql___'_\/ﬂ__\__lr
~.\\\ I V40 Copper .Squaw Mine Va8, vaa, vasNTucson '!V38 Wilcox /@ .
~.4\ o V68
. V42 Black Dike Mine :
~.. V49 Sierrita
S~.._  Twin Buttes /': Saruv?srgimg Mine |
V51 Ggrr'gct)uljvlme V52 Vs l S|irra Vista |
V57 538 Three R ®V56 [ Bisbee/Naco
Vel VGZL\ V7 4_°.._=.V7_7Q9ap_r Queen:
Nogales Douglas

m City
® Mine sit .
N Arizona

0 510 20 30 40 50 60 70 80 90 100

NOTE: Points in the area between Payson Scale in miles
and Miami-Globe are not to scale. Reference: ADEQ 1990

TENORM 15









€66T/F OAAY :9dUsl9jeYy

A I I I  eeeeeee—
0000T 0006 0008 0000. 0009 000S 00OF OOOE 000Z 000T 0  000T
1994
T 0 S T

S9N

=)

sBuljre
N Jemo]
O @
(@ U

sbuijrel’
3IPPIA

M S P
Jeys suin
& { w
/ mc__\,_
/v_mm:o Jsp|nog / \\ 4 //
G¢e INg
mmc___mtmaaﬂl\l
7
A\

ueg
yo

jueg
by

dey uoneoo ajdwes

raly
sbulrel

mc_v__:m,/ / 4

peoy

39310
Jap|nog

g2aus
ng a|1yoid

vV als
nv a|joid

‘Y9219 Jap|nog/auliyl apis|iiH g ainbi4
N

uolbay

snoulejuno
a|dwes spijos Yy
o|dwes Jale\ @

weans
peoy pmy
peoy

deyy uoneao]

4
|00d J1amo

|0o0d Jaddn

TENORM

18


















1994 005 00T

00y 81sep Jo sbuljrel _H_
SUIN Jo uoneAs|q  ,002s

weans _m‘_wE‘_wr_Qm_ S
IrelL dear pmy/peoy ui@ = ——

1pe [9A39] Y009
sbuijrel »V

- —
- —

€66T '8¢ AINC sajdwes 320y 91seM

dwn@ »o0y ——
a1sep\ Jladdn \N
< w mi dwnq x20y
1pe 93] toov dwnq o0y 91SE\\ 19MoT]
91SE/M S|PPIN uolyepuno4
91910U0D

pue sbulje] ‘sjuswipas paquesils - Ul o 931yl

> )
?

/\%‘\ <~
2

Y009S T 1ty

9UIN o 8@3J1yl

J
“ \a . 4
‘// ./r\\
N
-

]
% 0¥y .7

yaino wnpy

eluobered

A

159104 [euOIEN 0peuoiod

9'c x
pe [273] YOO

SUIN o 931yL

Arepunog paysiarem

€66T '82-L¢ AINC Jo sajdwes JuswIpas puy Jare - SUIN o 931yl

193} 000¢ 000T 00S 0

£6/82/L U0 yoeay Bumo| e

weans [erowayds s

|reJL desr pmp/peoy LId - ——
wiod ajdwes serem Y

weq uayyeg

(

~

%8810 BlIou0S

€661/, O3AV 494
z T 0

so|iw £

iod ajdwes sayep Y

N

deyy uoneao]

eluobered
ayen

uoAued o 9aiyl

del\ uoneoo sjdwes
BUIIN Y 831yl
'3 2.nbi4

TENORM

24

























































































































































































































































	Cover
	PREFACE
	ACKNOWLEDGMENTS
	LIST OF ACRONYMS
	Mines Referred to by Acronym

	EXECUTIVE SUMMARY
	TABLE OF CONTENTS
	I. INTRODUCTION
	II. FINDINGS
	III. GEOLOGIC EVIDENCE
	A. Background Levels and Standards of TENORM
	B. Quality Assurance/Quality Control
	C. Regional Geologic Literature and TENORM
	D. TENORM Field Studies at Abandoned Mines
	1. Hillside Mine/Boulder Creek
	2. Cerbat Mountains Mines
	3. Three R Mine


	IV. URANIUM RECOVERY AT
	A. Cyprus Sierrita Corporation, Twin Buttes Mine

	V. TENORM DATA FROM ACTIVE
	A. Magma Processing Waste Streams
	B. In-Situ and Solvent Extraction Operations
	1. BHP Copper Florence In-Situ Project
	2. Santa Cruz In-Situ Copper Project

	C. Groundwater Monitoring
	1. Cyprus Bagdad Copper Corporation
	2. Cyprus Sierrita Corporation, Sierrita Mine
	3. Phelps Dodge, New Cornelia Mine at Ajo
	4. BHP Copper, Pinto Valley Mine

	D. GROUNDWATER CONTAMINATION
	1. Phelps Dodge, Copper Queen Mine
	2. Cyprus Mineral Park Mine
	3. Phelps Dodge Morenci District


	VI. REFERENCES
	APPENDIX A Arizona State bureau of Mines Uranium Occurrences Associated with Copper Minerals that are Verified with Sample Analyses or Assay Information
	APPENDIX B Arizona State Bureau of Mines Unverified Occurrences of Uranium Associated with Copper Minerals
	APPENDIX C Results of Radiochemical Analyses: 

