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LAB JOB #: 

Client name: 

Billing address: 

Phone number: 

Client ID 
MSC01372 

IRON KING ASSAY INC. 12-Mar-87 

MSC01372 

A. F. Budge (Mining) Ltd. 

7340 E. Shoeman Lane 
Suite # ll1-B-E 
Scottsdale, AZ 85251 
945-4630 / 778-3140 

CC: Carole A. O'Brien and 
Peter Hahn 

No. Samples: 6 
Date Received: 03-05-87 
Submitted by: Don White 

INVOICE ATTACHED 

ANALYTICAL REPORT 

Lab ID 
FA/AA 

Au 
oz/ton 

VULTURE BATCH #1987-03 

HOLE #C-l 

290-295' 1372- 1 <.0003 

295-300' 1372- 2 0.0003 

300-305' 1372- 3 0.0006 

305-310' 1372- 4 <.0003 

310-315' 1372- 5 <.0003 

315-320' 1372- 6 0.0006 

P.O. Box 56 • Humboldt, Arizona 86329 • Phone (602) 632-7410 
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LAB JOB #: 

Client name: 

Billing address: 

Phone number: 

Client ID 
MSC01385 

IRON KING ASSAY INC. 19-Mar-87 

MSC01385 

A. F. Budge (Mining) Ltd. 

7340 E. Shoeman Lane 
Suite 111-B-E 
Scottsdale, AZ 85251 
945-4630 / 778-3140 

CC: Carole A. O'Brien, 
Don White, Peter Hahn 

No. Samples: 16 
Date Received: 03-11-87 
Submitted by: A.J. Fernandez 

INVOICE ATTACHED 

ANALYTICAL REPORT 

Lab ID 
FA/AA 

Au 
oz/ton 

VULTURE BATCH #1987-04 

HOLE #VS-2 

65-70' 

80-85' 

95-100' 

110-115' 

125-130' 

140-145' 

155-160' 

170-175' 

185-190' 

200-205' 

215-220' 

230-235' 

245-250' 

260-265' 

1385- 1 

1385- 2 

1385- 3 

1385- 4 

1385- 5 

1385- 6 

1385- 7 

1385- 8 

1385- 9 

1385- 10 

1385- 11 

1385- 12 

1385- 13 

1385- 14 

<.0003 

<.0003 

<.0003 

<.0003 

<.0003 

<.0003 

<.0003 

<.0003 

<.0003 

0.0044 

0.0006 

<.0003 

<.0003 

<.0003 

P.o. Box 56 • Humboldt, Arizona 86329 • Phone (602) 632-7410 



1? a 2 

Client ID 
MSC01385 

275-280' 

290-295' 

Lab ID 

1385- 15 

1385- 16 

IRON KING ASSAY INC 

FA/AA 
Au 

oz/ton 

<.0003 

<.0003 

19-Mar-87 
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LAB JOB #: 

Client name: 

Billing address: 

Phone number: 

Client ID 
MSC01392 

IRON KING ASSAY INC. 20-Mar-87 

MSC01392 

A. F. Budge (Mining) Ltd. 

7340 E. Shoeman Lane 
Suite 111-B-E 
Scottsdale, AZ 85251 
945-4630 / 778-3140 

CC: Carole A. O'Brien, 
Don White, Peter Hahn 

No. Samples: 19 
Date Received: 03-11-87 
Submitted by: A.J. Fernandez 

INVOICE ATTACHED 

ANALYTICAL REPORT 

Lab ID 
FA/AA 

Au 
oz/ton 

VULTURE BATCH #1987-04 

HOLE #C-l 

5-10' 

20-25' 

35-40' 

50-55' 

65-70' 

80-85' 

95-100' 

110-115' 

125-130' 

140-145' 

155-160' 

170-175' 

185-190' 

200-205' 

215-220' 

1392- 1 

1392- 2 

1392- 3 

1392- 4 

1392- 5 

1392- 6 

1392- 7 

1392- 8 

1392- 9 

1392- 10 

1392- 11 

1392- 12 

1392- 13 

1392- 14 

1392- 15 

0.0038 

0.0020 

0.0009 

<.0003 

<.0003 

<.0003 

0.0006 

0.0015 

0.0009 

<.0003 

<.0003 

<.0003 

<.0003 

<.0003 

<.0003 

P.O. Box 56 • Humboldt, Arizona 86329 • Phone (602) 632-7410 



Client ID 
MSC01392 

230-235' 

245-250' 

265-270' 

280-285' 

Lab ID 

1392- 16 

1392- 17 

1392- 18 

1392- 19 

IRON KING ASSAY INC 

FA/AA 
Au 

oz/ton 

<.0003 

<.0003 

<.0003 

<.0003 

20-Mar-87 
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LAB JOB #: 

Client name: 

Billing address: 

Phone number: 

Client ID 
MSC01393 

IRON KING ASSAY INC. 20-Mar-87 

MSC01393 

A. F. Budge (Mining) Ltd. 

7340 E. Shoeman Lane 
Suite 111-B-E 
Scottsdale, AZ 85251 
945-4630 / 778-3140 

CC: Carole A. O'Brien, 
Don White, Peter Hahn 

No. Samples: 21 
Date Received: 03-11-87 
Submitted by: A.J. Fernandez 

INVOICE ATTACHED 

ANALYTICAL REPORT 

Lab ID 
FA/AA 

Au 
oz/ton 

VULTURE BATCH #1987-04 

HOLE #C-2 

0-5' 

15-20' 

20-25' 

35-40' 

50-55' 

65-70' 

80-85' 

95-100' 

110-115' 

125-130' 

140-145' 

155-160' 

170-175' 

185-190' 

200-205' 

1393- 1 

1393- 2 

1393- 3 

1393- 4 

1393- 5 

1393- 6 

1393- 7 

1393- 8 

1393- 9 

1393- 10 

1393- 11 

1393- 12 

1393- 13 

1393- 14 

1393- 15 

0.0050 

0.0015 

0.0015 

<.0003 

<.0003 

<.0003 

<.0003 

<.0003 

<.0003 

<.0003 

<.0003 

<.0003 

<.0003 

0.0012 

0.0003 

P.O. Box 56 • Humboldt, Arizona 86329 • Phone (602) 632-7410 



Client ID 
MSC01393 

215-220' 

230-235' 

245-250' 

260-265' 

275-280' 

290-295' 

Lab ID 

1393-

1393-

1393-

1393-

1393-

1393-

16 

17 

18 

19 

20 

21 

IRON KING ASSAY INC 

FA/AA 
Au 

oz/ton 

0.0009 

0.0006 

0.0003 

0.0012 

0.0003 

<.0003 

20-Mar-87 
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LAB JOB #: 

Client name: 

Billing address: 

Phone number: 

Client ID 
MSC01394 

IRON KING ASSAY INC. 25-Mar-87 

MSC01394 

A. F. Budge CMining) Ltd. 

7340 E. Shoeman Lane 
Suite III-B-E 
Scottsdale, AZ 85251 
945-4630 / 778-3140 

CC: Carole A. O'Brien, 
Don White, Peter Hahn 

No. Samples: 20 
Date Received: 03-11-87 
Submitted by: A.J. Fernandez 

INVOICE ATTACHED 

ANALYTICAL REPORT 

Lab ID 
FA/AA 

Au 
oz/ton 

VULTURE BATCH #1987-04 

HOLE #C-3 

0-5' 

15-20' 

30-35' 

45-50' 

60-65' 

75-80' 

90-95' 

105-110' 

120-125' 

135-140' 

150-155' 

165-170' 

180-185' 

195-200' 

210-215' 

1394- 1 

1394- 2 

1394- 3 

1394- 4 

1394- 5 

1394- 6 

1394- 7 

1394- 8 

1394- 9 

1394- 10 

1394- 11 

1394- 12 

1394- 13 

1394- 14 

1394- 15 

0.0111 

0.0029 

0.0006 

0.0003 

0.0003 

0.0009 

<.0003 

0.0012 

<.0003 

<.0003 

< .0003 

<.0003 

< .0003 

<.0003 

<.0003 

P.O. Box 56 • Humboldt, Arizona 86329 • Phone (602) 632-7410 
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Client ID 
MSC01394 

225-230' 

240-245' 

255-260' 

270-275' 

285-290' 

Lab ID 

1394- 16 

1394- 17 

1394- 18 

1394- 19 

1394- 20 

IRON KING ASSAY INC 

FA/AA 
Au 

oz/ton 

<.0003 

<.0003 

<.0003 

<.0003 

<.0003 

25-Mar-87 
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PRELIMINARY SITE CHARACTERIZATION REPORT 

Heap Leach Facility Design 

Vulture Mine Project 
Near Wickenburg, Arizona 

SHB Job No. E87-ll 

Consulting Geotechnical Engineers 
PHOENIX. ALBUQUERQUE. SANTA FE • SALT LAKE CITY. EL PASO. TUCSON 



SERGENT, HAUSKINS & BECKWITH 
Geotechnical Engineers, Inc. 

TRANSMITTAL 

3232 West Virginia Avenue 
Phoenix, Arizona 85009 
(602) 272-6848 

DATE December 2, 1987 
----------------~~~~~~~~---------------------------------

TO _________________ A __ . __ F_.~B~u~d~g~e~(~M~i~n~l~·n~g~)~L~l~·m==i~t~e~d~ ________________ ___ 

7340 East Shoeman Lane , Suite III "B" (E) 

Scottsdale, Arizona 85251-3335 

ATTENTION A.J. Fernandez, Senior Mining Engineer 

PROJECT Heap Leach Facility Design, Vulture Mine Project 

JOB/PROPOSAL NO. E87-11 
--~~~~------------------------------------------

WE ARE SENDING YOU: DELIVERY BY: 

~ Attached [J Hand Deli very 

[] Under separate cover the following: 

[] Boring Logs 

[] Calculations 

[] Design Charts 

o Progress Reports 

~ Laboratory Results 

[] Plans 

[] Specifications 

[J----------------------------

~ First Class Hail 

[J Registered Mail 

[J Express Mail 

[] Federal Express 

[J Other 

[] Return Receipt Requested 

TRANSHI'fTED FOR: 

[] Review & Comment 

[J Approval 

Q9 Your Files/Information 

~ As Reques ted 

DESCRIPTION Moisture-density and permeability test results 
--~~~~~~~~~----~----------~-----------------

for Burro Clay. 

RE1-1 I\RKS -------------------------------------------------------

COPY TO File ---------------------------------

SIGNED z;Z<:( 4/~~?1=' 
.J 



SERGENT, HAUSKINS & BECKWITH 

CONSULTING GEOTECHNICAL ENGINEERS 

REPORT OF LABORATORY TESTS Dt"TE 4/1. /1:]7 

PROJECT: HEAP LEACH- - VULTURE MINE JOB NO. EB7-11 

LOCATION:8URRO CLAY W.O.I\IO. 

LAB NO. 1 

======== ================================================================ 

TEST DESIGNATION ASTM D698 
METHOD A 
C:UF.:'v'E 

MAXIMUM DRY DENS ITY 
OPTIMUM MOISTURE CONT ENT 

72. 1 LB/C:U FT 
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SERGENT, HAUSKINS ~ BECKWITH 

CONSULTING GEOTECHNICAL ENGINEERS 

REPORT ON LABORATORY TESTS 

• PROJECT: VULTURE MINE-- HEAP LEACH 

SAMPLE: BURRO CLAY 

PERMEABILITY TEST 

WEIGHT OF WET SOIL, 6MS (BEFORE) 
WE I GHT OF WET SO I L, 13t1f.-3 (AFTEFn 
WEIGHT or DRY SOIL, 13MB 
HEIGHT OF SAMPLE, eMS 
DIAMETER OF SAMPLE, (AVERAGE) CMS 
WATER CONTENT, % (before and after) 
SOIL DENSITY, PCF 
AREA OF SAMPLE, SQ CM 

HEAD 
itl.:ht~s (psig) 
tQ\;al, in. 

12.45 5 
151.06 

Q 

£;.55 

TIME 

1.72,800 

DATE: 04-22-1'387 

JOB NO. EB7-11 

LAB NO. 1 
SHEET 1 

O.ESE-e)? 

W. O. 3 

7'3.67 
7'3.67 
5~5. 52 

5.8::-: 
':1 ":1":1 
,-I ... J..,J 

43.50 
68.32 

8.71 

43.50 

~::: 

ft/yr 

C). 58E-I)! 
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1~~ APPLIED SOIL MECHANICS ENGINEERING GEOLOGY • MATERIALS ENGINEERING HYDROLOGY 

- t - ~A~:;~~~ ~~RH~~NSTE:' · ~~ . O .. P . E . ~~~~ABE·LHL~URSUK~~~R~~~E . ;~~~~~ ~. ' FBRE;;WI T H . P . E . ~~:~~TC~·E~~~~~E . P . E . 
RALPH E . WEEK S. P . G . ROBERT W . CROSSLEY . P E . JAMES H . C LARY , C . P . G . JAMES R . FAHY , P . E . 
DARREL L . BuFFINGTON. P . E . J ONATHAN A . CRYSTAL , P . E . NICHOLAS T . KORECKI , P . E . MICHAEL HULPKE . P . G . 
DONALD VAN BUSKIRK , P . G . PAUL V . SMITH . P . G . GERALD P . LINDSEY , P . G . DAVID E . PETERSON , P . G . 
OALE V . BEOENKOP. P E . NORMAN H . wETZ . P . E . RONALD E . RAGER. P . G . ALBERT C . RUCKMAN, P . E . 

February 11, 1987 

A. F. Budge (Mining) Limited 
7340 East Shoeman Lane 
Suite III "B" (E) 
Scottsdale, Arizona 85251-3335 

Attention: A. J. Fernandez 

Re: 

Senior Mining Engineer 

Heap Leach Facility Design 
Vulture Mine Project 
Near Wickenburg, Arizona 

Gentlemen: 

PAUL KAPLAN . P . E . 

SHB Job No. E87-11 

Our Preliminary Site Characterization Report for the refer
enced project is herewith submitted. The report includes 
discussion of the geologic, hydrogeologic and seismotectonic 
settings at the project site; results of our preliminary 
subsurface investigations for the proposed stormwater diver
sion alignment alternatives and leach pad site, and a 
summary of hydrological and geotechnical engineering anal
yses conducted for preliminary diversion design and cost 
estimating. 

Should any questions arise concerning this submittal, please 
do not hesitat 0 contact us. 

RespectflllA>~;{\ ... 
. !!! 

Sergent 

Copies: Addressee (3) 

REPLY TO: 3232 w. VIRGINIA, PHOENIX, ARIZONA 85009 

PHOENIX 

16021272-6848 

TUCSON 

(6021792-2779 

ALBUQUERQUE 

(5051 884-0950 

SANTA FE 

(505147' -7836 

SALT LAKE CITY 

(80' 1 266-0720 

EL PASO 

(915) 778-3369 
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Heap Leach Facility Design 
Vulture Mine Project 
Near Wickenburg, Arizona 
SHB Job No. E87-11 

1. INTRODUCTION 

This report 

acterization 

summarizes 

studies for 

our 

Page 1 

preliminary site char-

the proposed heap leach 

facilities at the A. F. Budge (Mining) Limited (AFBL) 

Vulture Mine Project, located near Wickenburg, Arizona. 

(See Figure 1, presented in Appendix C.) These studies 

included a review of existing data and literature on the 

geologic, hydrogeologic and seismotectonic setting of 

the site. Concurrently, an abbreviated subsurface 

investigation and site reconnaissance of the proposed 

leach pad and diversion areas was completed. In addi

tion, hydrological and geotechnical engineering analyses 

were performed for preliminary assessment of diversion _ 

design options and cost estimates, and for optimal pad 

location. 

The primary objective of this phase of investigation was 

to characterize the Vulture Mine Project site in suf- 

ficient detail to provide a preliminary assessment of 

diversion and leach pad locations and to identify any 

potential geotechnical constraints associated with these 

elements of the facility. 

2. PROJECT DESCRIPTION 

Preliminary details of the project were provided by A. 

J. Fernandez, Senior Mining Engineer of AFBL. The proj

ect will involve heap leaching gold ore from an on-site 

-'-..1rs::f11 SERGENT, HAUSKINS & BECKWITH 

f~l CONSUl T",G GEOTECHNfCAL EHG .. EERS 
- t - Pt-tOENtX . T\JCSOfoj • AlBUOUEAOUE • SAN'T'" FE • SALT lAKE C1TV • EL PASO 
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Heap Leach Facility Design 
Vulture Mine Project 
Near Wickenburg, Arizona 
SHB Job No. E87-11 

Page 2 

open pit and amalgamated tailings from ~n existing on

site disposal area. The ore will be crushed to a final 

product having a nominal maximum particle size of about 

1/8 inch. Both the tailings and crushed ore will be 

agglomerated prior to placement on the pad. The tail

ings will be agglomerated to a nominal 3/8-inch size, 

compared to an estimated 1/4 to 3/8-inch agglomerated 

size for the ore. Based on presently known reserves, an 

estimated total of about 700,000 tons of material, 

including both ore and tailings, will be leached over an 

approximate project life of two to three years. 

As presently planned, the leach pad will cover an area 

of about 375,000 square feet (8.6 acres), with ore 

placed to a total heap height of about 66 feet. The 

heap will be constructed in five lifts, including two 

initial IS-foot lifts, followed by three 12-foot lifts. 

The on-site 

Approximately 

tailings will be placed in the first lift. 
s~ FT 

25,000 ~ of ore will be under leach at 

any 

about 

one time. The solution application rate will be 
F"Tz.. 

0.004 gpm/~ with a corresponding design solution 

flow rate of about 100 gpm. 

The leach pad will incorporate either a single geomem

brane-lined system or a double-lined system. The double 

liner may include a geomembrane as the primary liner and 

compacted native soils as the secondary liner, or geomem

brane liners for both primary and secondary lining of 

the pad. 

_1-
jS:::!11 SERGENT, HAUSKINS & BECKWITH 

1~l CONSUlTING GEOTECHNICAl ENGtNEERS 
- i -PHOENIX. T\JC~. ALBUQUERQUE· SAN'TA FE · SALT LAKE CITY· El PASO 
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Heap Leach Facility Design 
Vulture Mine Project 
Near Wickenburg, Arizona 
SHB Job No. E87-ll 

Page 3 

Pregnant solution from the heaps will be transported by 

a lined solution channel to the pregnant solution pond. 

The pregnant solution pond will incorporate a double 

lined system with a seepage detection/collection sump. 

A conceptual layout of the leach pad, solution channel 

and ponds is shown on Sheet 1 included in the map 

pocket. 

A major design element of the project is the storm water 

diversion channel required to divert surface water run

off from the contributing watershed upstream from the 

facility. A summary of our subsurface investigation of 

proposed 

neering 

design 

diversion alignment alternatives, and the engi

analyses completed as part of the preliminary 

of the alternatives, are summarized in Sections 3 

and 5, respectively. 

Structures presently on-site would be utilized for mill 

shops, offices and other ancillary facilities. Addition

al process and crushing equipment will be skid-mounted. 

3. INVESTIGATION 

3.1 Review of Existing Data 

Prior to and ln conjunction with the field investi

gation, the following data were reviewed: 

A. General site plans, aerial photographs, topo
graphic and geologic maps and placer test trench 
evaluation data provided by AFBL. 
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Heap Leach Facility Design 
Vulture Mine Project 
Near Wickenburg, Arizona 
SHB Job No. E87-11 

Page 4 

B. Geologic 
published 
societies. 

and hydrogeologic maps and literature 
by government agencies and professional 

Mr. A. J. Fernandez, Senior Mining Engineer of AFBL, 

provided additional background information during 

conversations on-site and at several meetings during the 

course of the investigation. 

3.2 Site Area Reconnaissance & 
Geologic Mapping 

A brief preliminary reconnaissance of the Vulture Mine 

area was performed by Lawrence A. Hansen, Ph.D., P.E., 

James R. Fahy, P.E., and Paul V. Smith, P.G., of this 

firm in the company of ~1r. A. J. Fernandez, on January 

15, 1987. The locations of existing and planned 

facilities were examined and a preliminary evaluation of 

several potential diversion alignments was performed. 

An engineering geologic map of the proposed leach pad 

area was prepared in the field by Paul V. Smith, P.G. on 

January 30, 1987. This map is presented on Sheet l. 

Bedrock, surficial materials, tailings and fill in the 

proposed leach pad area were classified according to the 

Genesis-Lithology-Qualifier (GLQ) system of engineering 

geology mapping symbols (Keaton, 1984)*. A brief ex

planation of the system is included in the legend for 

Sheet 1. 

*References are listed at end of report. 

_1_ 
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3.3 Subsurface Investigation 

Page 5 

A total of 16 backhoe test pits were excavated using a 

subcontracted Case 580 backhoe. Locations of the test 

pits are shown on Sheet 1. Test pits 1 through 8 (TP-1 

through TP-8) were located along the alignments of poten-

tial diversion channels. The primary purpose of these 

pits \1-1 as to 

depth of soil 

ments. TP-9, 

since bedrock 

determine excavation conditions and the 

and bedrock along the proposed align

as originally planned, was not advanced 

was exposed at the ground surface in this 

area. Surficial materials were sampled from this 

location, and a test pit designation is retained for 

purposes of identification. TP-10 through TP-17 were 

advanced in the proposed leach pad area to determine the 

depth of tailings, soil and rock. Disturbed bulk 

samples of all materials encountered in these pits were 

retained for laboratory analysis. 

All soils encountered were classified by the Unified 

Soil Classification System (ASTM D2487) which is sum-

marized in Appendix A. Appendix A also includes a 

summary of terminology used to describe the relative 

density, consistency or firmness of soils, a summary of 

terminology used for the description of rock and the 

test pit logs. 

All test pits were backfilled with excavated material 

subsequent to the investigation. Paul V. Smith, P.G., 

of this firm supervised the field investigation. 

-'-J'M1 SERGENT, HAUSKINS & BECKWITH 

1 ~I CONSUl TIHG GEOTECHNICAl ENGINEERS 
- • - PHOENIX · nK:SON · AlBUQUERQUE · SANTA FE • SAL. T LAJ<E CITY . El PASO 
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Grain-size distributions and Atterberg limits were deter

mined for samples of material from three potential clay 

borrow sources. The samples were provided by Mr. A. J. 

Fernandez of AFBL. Moisture-density relationship deter

minations (standard Proctor) and remolded permeability 

tests of these clays are presently in progress. 

4. SITE GEOLOGY & GEOTECHNICAL PROFILE 

4.1 Bedrock & Surficial Geology 

The Vulture 110untains are composed of a Precambrian 

metamorphic/igneous core complex intruded by igneous 

rocks of Late Cretaceous, Tertiary and Quaternary age 

(Wilson and others, 1957; Wilson and others, 1969). 

Sedimentary rocks are generally not present in sig

nificant amounts. Bedrock is overlain by varying 

thicknesses of unconsolidated Late Tertiary to Quater

nary alluvial fan, channel and basin fill deposits, 

colluvium and eolian deposits. 

The surface geology of the Vulture Mine area was not 

mapped in detail for this project, but was obtained from 

an unpublished map (White, 1986) provided by AFBL. 

Bedrock consists of a schist/amphibolite complex of 

Precambrian age, intruded by granite, "quartz porphyry," 

aplite and alaskite of possibly Late Cretaceous age. 
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These units are overlain by undifferentiated volcanic 

rocks of Tertiary age, and are cut by several northwest

to north-northwest-trending faults. 

Bedrock is overlain by Late Tertiary to Quaternary allu

vial fan and channel deposits, plus minor amounts of 

slope wash, colluvium, and eolian deposits. These sur

ficial materials are generally strongly cemented with 

secondary calcium carbonate (caliche), forming a hard, 

low permeability and relatively resistaqt surface. 

Weathering may extend to depths of several tens of feet 

in bedrock, forming a moderately hard material that may 

be excavated using standard construction equipment. 

Certain rock types are more resistant to surface weather

ing, and shallow excavations may require ripping or 

light blasting locally. 

Portions of the mine area are also overlain by various 

fill materials, including tailings, mine waste rock, con

crete slabs, machine parts, construction materials, sand 

and gravel, and various deleterious materials. 

4.2 Hydrogeology 

The site area lies within the upper portion of the 

Hassayampa River basin, which extends from the Date 

Creek, Weaver and Bradshaw Mountains north of Wickenburg 

to the confluence with the Salt River near Phoenix, 

covering a total area of about 1,300 square miles. 
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Groundwater conditions in this area are discussed in a 

report by Sanger and Appel (1978). The report includes 

data on groundwater depths and water quality from numer

ous wells in the region, including the well at the 

Vulture Mine. It also delineates the outlines of sever-

al groundwater 

drainage system. 

the south by a 

Plain. 

basins within the Hassayampa River 

The Vulture Mountains are flanked on 

deep alluvial basin referred to as the 

This area receives recharge, pri-Hassayampa 

marily in 

slopes of 

the form of 

the Vulture 

groundwater, from the southern 

Mountains, including the site 

area. Groundwater occurs in saturated alluvial mate

rials at elevations ranging from about 1250 to 1500 feet 

in the Hassayampa Plain. 

The water table at the site is reported by Sanger and 

Appel (1978) to lie at an elevation of about 1645 feet 

above sea level, or 435 feet below the ground surface. 

This is in general agreement vIi th recent observations 

made at the mine (personal communication from Mr. A. J. 

Fernandez) • 

Surface flow in stream channels near the site is inter

mittent, no surface bodies of water presently exist, and 

none of the backhoe test pits encountered groundwater in 

surficial materials. Groundwater evidently only occurs 

at significant depths in bedrock, generally below about 

400 feet. Thus, infiltration of hazardous contaminants 

to the water table from the proposed leach pad area is 
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not likely to occur, unless such contaminants are intro

duced via underground mine workings. 

Groundwater in the site area is of generally good 

quality, with the exception of a high fluoride content. 

Major constituents present include sodium, calcium, 

magnesium and bicarbonate (Sanger and Appel, 1978). 

4.3 Seismotectonic Setting & 
Seismic Design Parameters 

Recent studies by the Arizona Bureau of Geology and 

Mineral Technology (DuBois and others, 1982; Menges and 

Pearthree, 1983; Scarborough and others, 1986) indicate 

that the potential for future seismic activity in" the 

Vulture Mountains is relatively low. The area lies with

in seismic zone 010 of Algermissen and others (1982). 

The preliminary map of horizontal acceleration in rock 

(with 90 percent probability of not being exceeded in 

ten years) prepared by Algermissen and others (1982) 

recommends a value of 0.04g for the site area. 

4.4 Geotechnical Profile Along Proposed 
Diversion Channel Alternatives 

4.4.1 Diversion Alternatives 1 & 2 

A total of eight backhoe test pits were advanced along 

proposed diversion channel alternatives 1 and 2. The 

depth of soil and bedrock encountered is indicated on 
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the test pit logs in Appendix A and is also shown on 

Sheet 1. Backhoe refusal was encountered at depths 

ranging 

either 

from 4.5 to 10 feet. Refusal occurred on 

hard, cemented alluvium or shallow bedrock. It 

was generally possible to advance the backhoe up to a 

few feet into the upper weathered surface of the 

bedrock, indicating that excavation of this material 

may be possible using conventional excavation equip

ment. 

Alluvial materials encountered in the test pits in

clude sand and gravel with lesser amounts of cobbles, 

silt and clay. These materials are generally strati

fied, .bedded and moderately to strongly cementedJ The 

depth of alluvium varied from a maximum of 8 feet in 

TP-l to a minimum of 4 feet in TP-5. Refusal did not 

occur in alluvium except in TP-6. The alluvial mate

rials encountered in these pits can be excavated using 

conventi.onal- excavation equipment. 

Bedrock was encountered in all test pits except TP-6, 

ranging from the surface in TP-9 to 8 feet 

Various rock types were encountered, includ-

at 

in 

depths 

TP-l. 

ing schist, amphibolite, gabbro, diorite, and various 

fine grained intrusives. These materials are moder-

ately to highly weathered and may be rippable to 

depths of at least 10 to 12 feet in most places. Hml-

ever, at the locations of TP-7 and TP-9, a relatively 

fresh and hard layered gneiss and schist was encoun-

tered, which may require blasting. 
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A brief geological reconnaissance of diversion alter

native 3 was performed on January 30, 1987. Alluvial 

materials, typically composed of hard, cemented sand 

and gravel, occur at the surface. Bedrock is exposed 

nearby and would probably be encountered at depths of 

10 feet or less. The depth of weathering of this rock 

was not determined. However, it may be possible to 

excavate this material to the required depth using 

conventional excavation equipment. Light blasting or 

ripping may be required if the rock is less weathered 

and more intact. 

4.5 Geotechnical Profile of 
Proposed Leach Pad Area 

The engineering · ·geol-ogi-c map of ·the proposed leach pad 

area is presented on Sheet 1. A total of eight backhoe 

test pits were advanced in this area to depths ranging 

from 3 • .5 to 16 feet. As shown on Sheet 1, tail.ings _are 

distributed over this area across an artificial alluvial 

fan that spreads outward toward the southwest from the 

former mill area. The tailings are thickest at the apex 

of the fan, where backhoe pit TP-13 was advanced to a 

depth of 16 feet without encountering native materials. 

Based on visual estimates, there may be 25 or 30 feet of 

tailings at this location. The thickness appears to 

vary in an irregular fashion across the pile area, 

filling in irregularities in the former ground surface. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Heap Leach Facility Design 
Vulture Mine Project 
Near Wickenburg, Arizona 
SHB Job No. E87-11 

Page 12 

The tailings primarily consist of uniform, thinly bedded 

to laminated silt and very fine to fine grained sand. 

These deposits appear to be loose in relative density 

and are estimated to be moderately moisture sensitive. 

The tailings will require some densification and recom

paction of near-surface layers as part of the pad 

construction. 

The tailings 

posed of hard 

is of unknO\'ln 

are underlain by alluvium, generally com

cemented sand and gravel. This material 

thickness. It is exposed at the surface 

in several drainage channels traversing the northwest 

side of the proposed pad area (TP-17) and in a small 

area near the southeast corner (TP-ll) • . The profile of 

the tailings and alluvium is well exposed in a recently 

incised drainage channel at the northwest corner of the 

proposed pad area; the thickness of the tailings at 

several points along this channel is listed on Sheet 1. 

Bedrock underlies the alluvium at unknown depth. It is 

not exposed in the proposed pad area, except along the 

northeast side, nor was it exposed by the test pits. 

Some rock may have been removed from the area adjacent 

to the former spiggot- to facilitate mill construction. 

Bedrock may be relatively shallow in this area, and may 

dip away toward the west. The existence of northwest

to north-northwest-trending faults cannot be ruled out, 

although none were shown by White (1986). The depth to 

bedrock within the pad area will be determined from our 

Phase II exploratory drilling program. 
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Existing drainages in the site area display a braided 

stream morphology. A similar pattern probably underlies 

the tailings. The natural drainage patterns have been 

modified in the past by construction of several berms 

near the west end of the pile. The effect of these has 

been to direct intermittent flows toward the tailings. 

As a result, active erosion of the tailings pile area is 

presently occurring. 

A site grading and drainage plan will be developed as 

part of Phase II which will address the existing erosion 

channels. Perimeter berms and diversion dikes will be 

provided along the perimeter of the leach facility for 

erosion protection and conveyance of incident runoff 

away from the site. 

5. SURFACE WATER HYDROLOGY 

5.1 General 

A detailed analysis of surface water hydrology was per

formed for various storm events within the contributing 

watershed located north of the Vulture Mine open pit. 

Mill Wash, which is the major drainage channel of the 

watershed, crosses a portion of the proposed open pit 

area. The purpose of the hydrologic calculations was to 

_1-
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establish peak design flows and runoff volumes for use 

in determining the minimum channel dimensions and chan

nel capacity required to divert the design storm around 

the open pit and away from the mine site. A summary of 

the methodology used and analysis results are presented 

in the following sections. 

5.2 Hydrologic Analyses 

Peak design storm floy,s for the contributing watershed 

area ylere calculated using the Hydrologic Engineering 

Center (HEC-l) Flood Hydrograph Package developed by the 

u.s. Army Corps of Engineers (1981). The HEC-l model 

simulates _ surface runoff response of a basin to precipi

tation by -representing the basin as an interconnected 

system of hydrologic and hydraulic components. In this 

analysis, the components used 'Vlere subbasins and chan

nels for runoff entities. The flood flow analysis 

followed -the Soil Conservation Service (SCS) curve 

number (CN) method available in the HEC-l model. Cal

culations were performed for the 100 and SOO-year, 

24-hour precipitation events and the six-hour general 

storm probable maximum precipitation (PMP) event. 

5.2.1 Subbasins 

The watershed upstream from the Vulture Mine open pit 

was divided into four subbasins to facilitate model

ing. The boundaries of the subbasins are shown in 

Figure 2 in Appendix C. 
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An important parameter in determining flood flows from 

the watershed is the CN. Factors considered in deter

mining the CN of each subbasin are soil types and 

depths, vegetation types and percent of cover, and 

antecedent moisture conditions of the watershed at 

commencement of the storm. CN estimates were made 

utilizing soils information from the U.S. Department 

of Agriculture Soil Conservation Service (SCS) for 

Maricopa County (1973), field inspection of the main 

channel deposits and surficial soils in the watershed, 

and representative CN's for various soil groups pre

sented by SCS. 

Variations in assigned CN for the subbasins within the 

watershed were principally due ~o the associated varia

tions in subbasin drainage channel conditions and 

contributing area of each channel to the total sub-

basin area. Assigned CN values for each subbasin are 

presented below: 

Subbasin 

Red Wash 1 

Red Wash 2 

Mill vlash 

Vulture 

5.2.3 Lag Time & Time of Concentration 

Curve No. 

80 

80 

75 

85 

Lag time is defined as the time for water to flow from 
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the center of mass of rainfall excess to the point of 

peak discharge. Estimates of lag times for each sub

basin were made utilizing the Lag Method developed by 

SCS, which relates the lag time (L) to the slope (Y) 

in percent, the hydraulic length (1) in feet, and the 

maximum retention (s). 

The time of concentration (t c )' which is a measure 

of the time for a particle of water to travel from the 

hydrologically most distant point in the watershed to 

the design point, was estimated using the empirical 

relationships tc = 1.67L. Table 1 in Appendix C 

summarizes input parameters for each subbasin. 

5.2.4 Precipitation 

Estimated precipitation for the lOa-year, 24-hour rain

fall event was obtained from the NOAA Atlas (1973). 

Rainfall from the SaO-year, 24-hour event was inter-

polated using 

Total rainfall 

a semi-log plot of lesser storm events. 

of 4.1 and 5.1 inches, respectively, 

was determined for the 100 and SOO-year storms. 

The six-hour general storm PMP was developed following 

guidelines presented by the u.s. Department of 

Commerce (1977). Computations for development of the 

general storm PMP are presented in Table 2 in Appendix 

C. A total rainfall of 9.2 inches was utilized for 

the PMP calculations. 
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Peak discharges and runoff volumes calculated for the 

design storms are as follows: 

Return Period Peak Discharge Volume of Runoff 
(years) (cfs) (acre-feet) 

100 877 319 

500 1,251 452 

PMP 4,043 1,345 

Computer summary sheets for the HEC-l analyses are 

included in Appendix C. 

6. DISCUSSION & RECOMMENDATIONS 

6.1 Diversion Channel 

Four diversion alignment alternatives, as shown on Sheet 

1, were considered for control of storm runoff from the 

contributing 

the \'latershed 

north of the 

the pit - and 

watershed. Alternatives 1 and 2 intercept 

at Mill Wash approximately 1,000 feet 

open pit, diverting runoff to the east of 

then to an existing drainage south of the 

mine site. Preliminary 

tities indicate a total 

estimates of earthwork ,quan

of between 20,000 and 25,000 

cubic yards of cut and fill would be required to con

struct either of these alternatives. 

Costs for construction of either Alternative 1 or 2 are 
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This includes earthwork 

costs for excavation, subgrade preparation and con

struction of the diversion channel perimeter berms. 

Channel protection for scour would be included at the 

diversion entrance only. For a short-term project such 

as the Vulture Mine Project, it appears to be advan

tageous on a cost-benefit comparison to accept the risk 

of occasional repair of sections of the channel after a 

significant storm than to fully armor the channel. 

Alternative 3 has the watershed runoff remaining in Mill 

Wash through the open pit area followed by a short diver

sion to an existing drainage on the southwest side of 

the pit. Alternative 3 would require a staged mining 

operation to maintain the wash for the majority of time 

spent mining the open pit. The wash would be disrupted 

for a 6 to 8-month period during which time the runoff 

in Mill Wash would be diverted to a previously mined por

tion of the pit. Any significant accumulation of runoff 

would be pumped to nearby drainages. 

Estimated earthwork quantities required to reconstruct 

the Mill Wash channel across the open pit after comple

tion of mining eliminates this alternative as a viable 

option. Approximately 137,000 cubic yards of material 

would be required to reconstruct the channel in its pres

ent position, or in excess of five times that required 

for either of Alternatives 1 or 2. 
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Alternative 4 includes diversion of all storm flows dur

ing mining directly into the open pit. This alternative 

appears to be the most economical option, but future 

costs may arise during mining that are difficult to 

quantify presently. Initial earthwork quantities and 

costs to facilitate this alternative would be minimal, 

but future costs may be incurred due to temporary pit 

shutdown during storms, for pit pumpout afterwards, and 

for pit slope modifications required after temporary 

impoundment of \-later. 

Considering that open pit mining will intercept existing 

abandoned underground stopes which would probably serve 

as conduits for rapid draw down of runoff in the pit, and 

that the duration of pit excavation is estimated to be 

less than two years, the risk of excessive shutdown and 

remedial costs during pit . mining appear minimal. In 

addition, runoff into the pit would provide recharge to 

the local groundwater regime. 

Diversion alternatives for the project were discussed 

with the Arizona Department of Health Services (ADHS), 

specifically regarding the possibility of diverting 

runoff directly into the open pit. ADHS indicated two 

criteria will control diversion siting or pad location. 

First, the diversion should be sited to avoid potential 

impact of runoff on the integrity of the heap leach pile 

or solution ponds. Second, should storm runoff be 

diverted into the open pit, the water quality of the 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Heap Leach Facility Design 
Vulture Mine Project 
Near Wickenburg, Arizona 
SHB Job No. E87-ll 

Page 20 

surface runoff must be acceptable for recharge to the 

groundwater. 

The diversion alternatives were also discussed with the 

Arizona Department of Water Resources (ADWR). Though 

this agency had a favorable reaction to Alternative 4, 

this procedure would require a groundwater recharge 

permit, which will require a hydrological character

ization of the region. ADWR also indicated a permit 

could only be granted for water for which Vulture Mine 

has legal rights. We are presently pursuing the issues 

of water appropriation. 

6.2 Leach Pad & Ponds 

Locating the leach pad and solution ponds generally with

in the boundaries of the existing on-site tailings, as 

shown on Sheet 1, appears to be the most viable alter

native, considering required grading and subgrade 

preparation. In general, the tailings deposit gently 

slopes to the southwest, which is advantageous for pad 

runoff and solution transport to the pregnant pond. The 

tailings consist primarily of fine grained sands and 

silts and would provide a very smooth finished subgrade 

for liner placement. Alternative leach pad locations on 

native soils or rock would require extensive grading and 

site preparation, including the import of finer grained 

material. 
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The tailings are loosely deposited and will require 

densification and recompaction of the near-surface 

materials prior to finish grading and liner placement. 

Estimates of compressibility of these materials and re

quired subgrade preparation procedures will be developed 

as part of our Phase II program. 

Preliminary siting plans for the leach pad and pregnant 

pond on the existing tailings were discussed with ADHS. 

Results of these discussions were very positive. Pro

vided our design philosophy is adequately supported by 

the results of our subsurface exploration and engineer

ing analyses, ADHS will consider permitting of these 

facilities on . the existing tailings. A double-lined 

facility with leakage detection is not a mandatory 

requirement of the ADHS provided a single-lined facility 

can be supported as an adequate containment system for 

environmental protection. 

Decisions as to the incorporation of an extreme storm 

surge pond in addition to the pregnant pond or providing 

storm storage fully within the pregnant pond have not 

been made as yet. An economic analysis of these options 

will be conducted in Phase II to determine the most cost 

effective system. 

6.3 Waste Rock Pile 

The proposed waste rock area is about 1,200 feet north 
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of the open pit on a gently sloping terrain (1 to 3 per

cent). An estimated~200,000 tons of waste rock will be 

included in the dump site. The pile will be constructed 

by end dumping at the angle of repose of the waste mate

rial. It is anticipated that the pile will be a single 

lift of about 50 to 60 feet. Relatively shallow bedrock 

underlies this area and will provide a relatively high 

degree of stability for the pile. Periodic sloughing of 

the near-surface materials should be considered when 

determining its final location, and the toe of the pile 

should be sufficiently removed from any stream flow. It 

appears these criteria can be accommodated in the 

general area proposed. 

6.4 Clay Borrow 

Materials from the three potential clay borrow sources 

near Congress, Arizona are similar in grain size distri

bution and plasticity. Each is highly plastic and is 

anticipated 

ability of 

to possess recompacted coefficient of perme

less than lxlO-7 cm/s. Due to the highly 

plastic nature of these materials, achieving near opti

mum moisture content during compaction and the potential 

desiccation and cracking after placement need to be 

evaluated when considering their use. The borrow mate

rials include a significant amount of coarse grained 

fraction which may be advantageous in achieving required 

compaction, and vlhich may reduce the potential for desic

cation cracking prior to covering the clays. 
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Moisture-density determinations and compacted perme

ability tests are being performed on samples of the clay 

borrow materials. A final determination as to the 

suitability of the clays for use as a low permeability 

lining for the pad and/or solution ponds will be made 

upon 

Phase 

review of these laboratory tests. As part of our 

II program, cost 

alternatives utilizing 

comparisons will 

the clay soils and 

geomembrane as an underliner. 

be made for 

placing a 
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TEST DRILLING EOUIPMENT & PROCEDURES , 

Drilling Eouipment Truck-mounted CME-55 drill rigs powered with 4 or 6 
cylinder Ford industrial engines are used in advancing test borings. The 
4 cylinder and 6 cylinder engines are capable of delivering about 4,350 
and 6,500 foot/pounds torque to the drill spindle, respectively. The 
spindle is advanced with twin hydraulic rams capable of exerting 12,000 
pounds downward force. Drilling through sailor softer rock is performed 
with 6 1/2 D.D., 3 1/4 I.D. hollow stem auger or 4 1/2 inch continuous 
flight auger. Carbide insert teeth are normally used on the auger bits 
so they can often penetrate rock or very strongly cemented soils which 
requi re blasting or very heavy equipment for excavation. Where refusal 
is experienced in auger drilling, the holes are sometimes advanced with 
tricone gear bits and NX rods using water or air as a drilling fluid. 
Where auger and tricone gear bits cannot be used to advance the hole due 
to cobbles or caving conditions, the ODEX (overburden drilling with the 
eccentric method) is used. A percussion down-the-hole hammer underreams 
the hole and 5 inch steel casing is introduced into the hole during drill
ing. The drill bit is eccentric and can be removed from the center of 
the casing to allow sampling of the material below the bit penetration 
depth. 

Sampling Procedures Dynamically driven tube samples are usually obtained 
at selected intervals in the borings by the ASTM D1586 procedure. In 
many cases, 2" D.D., 1 3/8" LD. samplers are used to obtain the standard 
penetration resistance. "Undisturbed" sampl-es of firmer soils are often 
obtained with 3" D.D. samplers lined with 2.42" LD. brass rings. The 
driving energy is generally recorded as the number of blows of a 140 pound 
30 inch free fall drop hammer required to advance the samplers in 6 inch 
increments. However, in stratified soils, driving resistance is sometimes 
recorded in 2 or 3 · inch increments so that soil changes and the presence 
of scattered gravel or cemented layers can be readily detec ted and the 
realistic penetration values obtained for consideration in design. These 
values are expressed in blows per foot on the logs. "Undisturbed" sam
pling of softer soils is sometimes performed with thin walled Shelby tubes 
(ASTM D1587). Where samples of rock are required, they are obtained by NX 
diamond core drilling (ASTM D2113). Tube samples are labeled and placed 
in watertight containers to maintain field moisture contents for testing. 
When necessary for testing, larger bulk samples are taken from auger cutt
ings. 

Continuous Penetration Tests Continuous penetration tests are performed 
by ar~ving a 2" D.D. blunt nosed penetrometer adjacent to or in the bot
tom of borings. The penetrometer is attached to 1 5/8" D.D. drill rods 
to provide clearance to minimize side friction so that penetration values 
are as nearly as possible a measure of end resistance. Penetration values 
are recorded as the number of blows of a 140 pound 30 inch free fall drop 
hammer required to advance the penetrometer "l.n one foot increments or 
less. .'" 

Boring Records Drilling operations are directed by our field engineer or 
geologist who examines soil recovery and prepares boring logs~ Soils are 
visually classified in accordance with the Unified Soil Classification 
System (ASTM D2487) with appropriate group symbols being shown on the 
logs. 

I 
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UNIFIED SOIL CLASSIFICATION SYSTEM 
Sorls are visually classified by The UnifIed Soi l Classification system on the boring logs presented in This reoort. 
Gram .. size analysis and Atteroerg Limits Tests are often performed on selected samples to aid in classification. 
Tne classification system is brIefly outlined on this chart. For a more detai led descriPtion of the system, see "The 
Unified Soil Classification System" Corp of Engineers. US Army Technical Memorandum No. 3 .. 357 (Revised April 
1960) or ASTM Designation : 02487 .. 661. 
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MAJOR DIVISIONS 

CLEAN GRAVELS 

(Less than 5% passes No. 200 s i eve) 

GRAVELS WITH 
FINES 

Limi ts plot below 
"A" line & hatched zone 

on plastiCity chart 

IGRAPHla GROUP 
, SYMBOL' SYMBOL 

[tj.;.~~~. GW 
f.£~Q··U.'" 
f~::~'~ . 

I' .'" 
I "f GM 

(More than 12 % 
passes No. 200 sieve) "A" line & hatChed zone ~~~"i. 

Limits plot above sm14 

on plast i city chart M GC 

CLEAN SANDS 

(Less than 5% passes No. 200 seive) 

SANDS WITH 
FINES 

Limits plot below 
"A" line & hatChed zone 

on plasticity chart 

[

0 00 j 
00 " 0 

o 0" 
SW 

t · · · ~ • • • • 
••• 

SP 

SM " "10 tJ 0 " 

" 0 .., 

TYPICAL NAMES 

I 
Wel l oraded pravels. grave l-sand mixtures, 
or sand-gravel-cobble mixtures. 

I 
Poorly graded gravels . gravel-sand mi x
tures . or sand-gravel-cobble mixtures. 

Silty gravels. gravel-sand-silt mixtures. 

I Clavey gravels . gravel-sano-clay mixtures. 

Well graded sands. gravell y sands. 

I Poor ly graoeo sands. ~raVeliY sends.. 

I Silty sands. sand-silt mixtures . 

(More than 12 % passes 
No. 200 sieve) 

Limits plot above 
"A" line & hatched zone 

on plasticity Chart 
fo~ sc I Clavey sands. sand .. clay mi)(tures. 
({~J& 

~ 5~ SILTS OF LOW PLASTICITY , I '/11 I Inorganic si Its. clayey si Its with slight 
~"'~5 I I I I ML p lastlcitv. 

"" _"'~ >- (Liquid Limi t Less Than 50) , I I ' 

I ~ o~ -~------------------------------------------~rY~~------~--------------------------------~ 'g ~~~~ SILTS OF HIGH PLASTICITY I' I inoroanic silts. micaceous or dl8tOma-
~ ' i2 (Liquid limit More Than 50) - MH ceo us silty soils. elastic silts. 

~ ~:r CLAYS OF LOW PLASTICITY ~~ I Inorgan i c clays of low to medium pi8s-
i ..,,,,~ CL ticlty. gravell y clays. sandy clays. silty 

~ :~~u (Liquid Limit Less Than 50) clays. lean clays. 

< g~:;~------------------------------------------~~~~------~--------------------------------~ 'd ~~~§ CLAYS OF HIGH PLASTICITY lj'" ~ 
:: "'... (Liquid limit More Than 50) 0'h CH' 

Inorganic clays of high plastiCity. fat 
clays. sandy clays of high plasticity . 

NOTE: Coarse grained soils with between 5 % & 12% passing the No. 200 sieve and fine grained soils with limits 
plotting in 'the hatChed zone on the plasticity chart 10 have double symbol. 

PLASTICITY CHART 

LIQUID LIMIT 

DEFINITIONS OF SOIL FRACTIONS 

SOIL COMPONENT J PARTICLE SIZE RANGE 

Cobbies, 
Grave l 

Coarse gravel 
Fine grave l 

Sand 
Coarse 
Medium 
Fine 

Fines (si It or clay) 

I 

Above 3 in .. 
3 in. to No . .4 sieve 
3 in. to 7< in. 
~ in. to No.· 4 sieve 
No • .4 to No. 200 
No. 4 to No. 10 
No. 10 to No. 40 
No. 40 to No. 200 
Below No. 200 sieve 

_ fX1_S_~--:~-~N-~-,~-,':T-":-~~-t-:._-~-,~-~-<~-~-,~-~-~-E~_~_:,_~_;~_= .. _~, ___ H_ A-2 
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TERMINOLOGY USED TO DESCRIBE THE RELATIVE DENSITY, 
CONSISTENCY OR FIRMNESS Or SOILS 

The terminology used on the boring logs to describe the 
relative density, consistency or firmness of soils relative 
to the standard penetration resistance is presented belo\';. 
The standard penetration resistance (N) in blo~s per foot is 
obtained by the AST~1 D1586 procedure using 2" O.D., 1 3/8" 
LD. samplers. 

1. 

2. 

Relative Densitv. Terms 
density of cohesionless, 
gravel mixtures. 

N 
0-4 
5-10 
11-30 
31-50 
50+ 

for descriPtion of relative 
uncemented ' sands and sand-

Relative Densitv 
Very loose 
Loose 
Medi urn dens e 
Dense 
Very dense 

Relative Consistency. Terms for description of 
wnlcn are saturated or near saturation. 

clays 

N 

0-2 

3-4 

5-8 

9-15 

16-30 

30+ 

Relative Consistency 

Very soft 

Soft 

Medium stiff 

Stiff 

Very stiff 

Hard 

Remarks 

Easily penetrated sev
eral inches with fist. 
Easily penetrated sev
eral inches with thumb. 
Can be penetrated sev
eral inches with thumb 
with moderate effort. 
Readily indented with 
thumb, but penetrated 
only with great effort. 
Readily ~ndented with 
thumbnail. 
Indented only with dif
ficulty by thumbnail. 

3. Relative Firmness. Terms for description of partially 
saturated and/or cemen'ted soils which commonly occur in 
the Southwest including clays, cemented granular mate
rials, silts and silty and clayey granular soils. 

N 
0-4 
5-8 
9-15 
16-30 
31-50 
50+ 

Relative Firmness 
Very soft 
Soft 
Moderately firm 
Firm 
Very firm 
Hard 

_1-
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EXPLANATION OF CORE LOG PRESENTATION 
& TERMINOLOGY FOR THE DESCRIPTION OF ROCK 

1. ROCK QUALITY DESIGNATION (RQD). Percentage of rock core per core run 
which is relatively sound and unfractured and which is longer than 0.33 
feet in length. Rock which is soft or weathered, closely jointed, or 
rock from which the core recovery is low, will have poor to fair RQD. 

II. DISCONTINUITIES 

A. Spacing of Joints 

Code 

1 
2 
3 
4 
5 

Spacing of Joints 

Greater than 10 ft. 
3 ft. - 10 ft. 
1 ft. - 3 ft. 
0.2 ft. - 1 ft. 
Less than 0.2 ft. 

B. Orientation of Joints 

Descriptive Term 

Very wide 
Wide 
Moderately close 
Close 
Very close 

Measurements presented represent dip angles from horizontal. 

Symbol 

Rdm 

Description 

Random - preferred orientation 
cannot be determined. 

C. Condition of Joints 

1. Roughness 

Symbol 

Smth 

SRgh 

MRgh 

Rgh 

Descriptive Term 

Smooth 

Slightly rough 

Medium rough 

Rough 

Properties 

Appears smooth and is essen
tially smooth to the touch. 
May be slickensided. 

Asperities on the fracture 
surfaces are visible and can 
be distinctly felt. 

Asperities are clearly v~s~
ble and fracture surface feels 
abrasive. 

Large angular asperities can 
be seen. Some ridge and high 
side angle steps evident. 

I 
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III. 

I 
I 
I IV. 
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Symbol 

VRgh 

Descriptive Term 

Very rough 

Properties 

Near vertical steps and ridges 
occur on the fracture surface. 

2. Presence or Absence of Fracture Filling Material 

BEDDING 

DEGREE 

Svrnbol . 
Dec 

Hiw 

MdW 

SlW 

UnW Ex 
Jts 

UnW Inc 
Jts 

Symbol 

Cln 

Descriptive Term 

Clean 

Definition 

No fracture filling material. 

Stn Stained 

Fld Filled 

Coloration of rock only. No 
recognizable filling material. 

Fracture filled with recog
nizable filling material. 

Symbol DescriEtive Term Defini tion 

OF 

TL Thinly laminated Less than 0.01 ft. 
L Laminated 0.01 ft. to 0.04 ft. 
ThB Thinly bedded 0.04 ft. to 0.20 ft. 
MB Medium bedded 0.20 ft. to 2.00 ft. 
TkB Thickly bedded More than 2.00 ft. 

WEATHERING 

Des criEti ve Term Prooerties 

Decomoosed, generally soil-like, can be crmnbled by hand 
pressure. 

Highly weathered, generally rock-like, can be broken eas~
ly, but crumbles with difficulty by hand. 

Moderately weathered, fabric stained rusty brown, can be 
indented by steel nail, breaks only with difficulty. 

Slightly weathered, open discontinuities 
coated, but only slight weathering of rock 
not indented by steel nail. 

are weathered, 
mass, generally 

Unweathered exceEt joints, weathering limited to the sur
face of discontinuities; fabric is fresh throughout but 
most joints show rusty stain and/or soil filling material. 

Unweathered including joints, rock mass and discontinuities 
are unweathered; only occasional joints show rusty stain, 
practically no soil filling. 
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V. HARDNESS 

Descriptive Term 

Very hard 

Hard 

Moderately hard 

Moderately soft 

Soft 

Very soft 

Properties 

Cannot be scratched with knife or 
Breaking of hand specimens requires 
blows of geologist's pick. 

sharp pick. 
several hard 

Can be scratched with knife or pick only with dif
ficulty. Hard blow of hammer required to detach 
hand specimen. 

Can be 
grooves 
blow of 
can be 

scratched with knife or pick. Gouges or 
to !t; inch dee p can be exca va t ed by har d 

point of a geologist's pick. Hand specimens 
detached by moderate blow. 

Can be grooved or gouged 1/16 inch deep by firm 
pressure on knife or pick point. Can be excavated 
in small chips to pieces about 1 inch maximum size 
by hard blows of the point of a geologist's pick. 

Can be gouged or grooved readily with knife or pick 
point. Can be excavated in chips to pieces several 
inches in size by moderate blows of a pick point. 
Small thin pieces can be broken by finger pressure. 

Can be carved with knife. Can be excavated readily 
with point of pick. Pieces 1 inch or more in thick
ness can be broken with finger pressure. Can be 
scratched readily by fingernail. 

VI. MISCELLANEOUS ABBREVIATIONS 

Symbol Description 

Bkn Broken 
Brc Brecciated 
Calc Calcite 
Cem Cemented 
Frct Fractured 
Gog Gouge 

Symbol 

Incl 
Qtz 
Slicks 
SZ 

Description 

Inclusions 
Quartz 
Slickensides 
Shear Zone 
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Heap Leach Facility Design 
PROJECT Vul ture Mine Proj ect 
JOB NO E87-ll DATE 1-23-87 

LOG OF TEST PIT NO. __ -----::T..;..P_-=l __ _ 

Backhoe Type Case 580 
GROUND WATER 

~ DEPTH HOUR DATE location E 22L 130 j N 1 1 027 1 530 
; t 2063' • 0 c none Elevation or. ! '0 

~o 

J!; 
.~ "0 • . c ~~ *VMP s; :c Ii Ii . .. - Datum 
i Q U ;;:: . ~8' E ~ ~ °E..! 
0 Cl .... ~ '" ... :>u REMARKS VISUAL CLASSIFICATION 

0 • • · . . \ moist SAND, predominantly medium to coarse · . \ I grained, interbedded with occasional · . . 
• • 1'\ SP fine grained sand, fine grained 

• • • v 
& gravel & gravelly sand, subrounded 

5 • • GP to subangular, no trace of lime • •• I 
• • I \ cementation, nonplastic, brown 

• • • note: well bedded, beds from 1" to 
\./ 

l\ 
l' thick 

/\ JJ 

10 note: increasing amounts of gravel 
to sandy gravel below 3' 

moist BEDROCK, undifferentiated Precambrian 
schist and amphibolite cut by 
Tertiary (?) Feldspathic intrusive 
(Alaskite ?) , moderately to strongly 
weathered, moderately soft to moder-
ately hard, dark green, gray to 
black, weathering to dark reddish 
brown 

note: hardness increasing gradually 
with depth 

, note: may be rippable to 15' 

Backhoe refused at 10' 
Backfill hole with cuttings , 

, *Vulture Mine Project Composite 
I Surface Map 

: 

: 

SAMPLE TYPE 
B - Undisturbed Block Sample 
D - Disturbed Bulk Sample 
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Heap Leach Facility Design 
PROJECT __ ~~V~u~l~t~u~r=e~M~i~n~e~P~r~o~ie~c~t __________ __ 
JOB NO E87-ll DATE 1-23-87 

LOG OF TEST PIT NO. ___ T_P_-_2 __ _ 

~ 
t 

i • 0 c :. n '0 -::0 

"'0 ~ 0: 

.~ C "'~ 

• . J] L :i Ii Ii . 
Q. C1 u 

:~ E E ~ 'c...! • ~ ~ 
0 I.? ... '" '" ... ::>u 

0 • • • • • 
• • I \ I • • • 
• • SP 

• •• V & 
• • \ GP 

5 · ... II \ • • • • • 
IV 1"\ 

V\ ~ 

10 

; 

: 

; 

Backhoe Type Case 580 
GROUND WATER 

E 221,300; N 1,027,420 DEPTH HOUR DATE location 

none Elevation 2073' 

Datum *VMP 

REMARKS VISUAL CLASSIFICATION 

slightly Interbedded fine to medium grained 
moist to SAND & GRAVEL, SANDY GRAVEL & 
moist GRAVELLY SAND, occasional cobbles, 

especially from 5' to 7' , subrounded 
to angular, moderately to strongly 
lime cemented, nonplastic, reddish 
brown 

1\ well bedded, beds from note: vary 
2" to 2 ' 

moist BEDROCK, undifferentiated Precambrian 
schist and amphibolite cut by 
Tertiary (?) Feldspathic intrusive 
(Alaskite ?) , moderately to strongly 
weathered, moderately soft to moder-
ately hard, dark green, gray to 
black, weathering to dark reddish 
brown 

note: hardness increasing gradually 
with depth 

note: may be rippable to 15' 

Backhoe refused at 9' 
Backfilled hole with cuttings 

"~Vul ture Mine Project Composite 
Surface Map 

SAMPLE TYPE 
B - Undisturbed Block Semple 
D - Disturbed Bulk Semple 
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Heap Leach Facility Design 
PROJECT ______ V~u=l~t~u=r~e~M~in~e~P~r~o~JL·e~c~t __________ ___ LOG OF TEST PIT NO. ___ T_P_-_3 __ _ 
JOB NO E87-ll DATE 1-23-87 

Case 580 

~ 
~ ; • 0 c . a. ~ ~o ... 

~ 0 0-:.: 
"~ ~ ;: "'-
~ ~ • • . 1~ 
1> D 0. 0. u ~: . :g E E • 'co! 

~ -0 Cl ... '" ... :>u 

0 • • 
• •• I \ I SP • • 

X D & • •• • • II GP 
• •• 

5 
1\ 
X D 

II \ 

10 

Backhoe Type 
GROUND WATER 

DEPTH HOUR DATE location E 22l z 460; N 1 1 °27,310 

none Elevation 2070' 

Datum *VMP 

REMARKS VISUAL CLASSIFICATION 

slightly Interbedded SANDY GRAVEL & GRAVELLY 
moist SAND, occasional cobbles, predomi-

nantly fine to medium grained, 
massive to thickly bedded, angular, 
weakly to moderately lime cemented, 

1\ 
nonplastic, reddish brown 

note: beds vary from 6" to 3' 

slightly BEDROCK, undifferentiated Precambrian 
moist Schist, " strongly weathered, moderate-

ly soft to moderately hard, green to 
brown 

note: very high caliche content 

\ 
note: may be rippable to at least 
15' to 20' 

Backhoe refused at 8' 
Backfilled hole with cuttings 

~'(Vul ture Mine Project Composite 
Surface Map 

; 

I 

SAMPLE TYPE 
B - Undisturbed Block Sample 
D - Disturbed Bulk Sample 

_I~I SERGENT. HAUSKINS & BECKWITH 

I B I CXlNSUlllNQ GEOTECHNICAl. ............ 
A-9 

_ _ PHOENIX .1'UC8ON • AL8UQUEAOUE • SANTA FE • &ALl LNCE aTY. n "A8Q 

I 
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Heap Leach Facility Design 
PROJECT ____ ~V~u~l~t~u=r~e __ M=i=n~e~P~r~o~j~e~c~t~ __________ __ LOG OF TEST PIT NO. ___ TP_-_4 ___ _ 
JOB NO E 8 7 - 11 DATE 

c~ 
!~ ; • co c 

~ a. 80 =0 

~ 
0: 

.~ ~ .~ "'-• • ~ c l~ :c :>. ~ 

" Ii Ii ;u ~ ': a ~g E ~ i: 'co! • ~ 0 C) ... '" :>u 

° - - SP ••• \ / 
•• X D & 
••• / \ ML . -.•. .;~. .. ~;.: .. :v n ,-.n 

~. 

5 

10 

1-23-87 

1\ 

I 

I 

Backhoe Type Case 580 
GROUND WATER 

22l z880; N 1 z 026 z 945 DEPTH HOUR DATE location E 

none Elevation 2055' 

Datum *VMP 

REM"RICS VISUAL CLASSIFICAlION 

moist SAND, fine to medium grained with 
occasional coarse grained sand 
interbedded with silt with some 
fine grained sand & clay, well 
rounded to angular, considerable 
lime cementation increasing with 
depth, nonplastic to low plasticity, 
brown 

note: some organic material, espe-
cially roots 

note: layering typically 6" to l' 
thick 

slightly SANDY GRAVEL, occasionally varying 
moist to to gravelly sand, angular, strongly 
moist lime cemented, nonp1astic, brown 
slightly BEDROCK, Gabbro-diorite, fine grained 
moist to with conspicuous salt & pepper 
moist texture, stronely fractured, well 

developed cleavage, moderately 
weathered to strongly weathered, soft 
to moderately hard, dark greenish 
gray to black 

note: hardness increasing with 
depth; may be rippable to 6' to 8' 

Backhoe refused at 5'6" 
Backfilled hole with cuttings 

*Vulture Mine Project Composite 
Surface Map 

SAMPLE TYPE I 
B - Undisturbed Block Sample 
D - Disturbed Bulk Sample 

_I~I SERGENT, HAUSKINS & BECKWITH A-IO 
~....!:.ll CONSUl T1HO 00,,",_"'" .NO." ..... 

_ _ PHOEHIX'TUCSON oAUMJQUEAQUE 0IlAHTAfE -&ALl I.NQ: (:I'TY-ELPA80 

I 
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Heap Leach Facility Design 
PROJECT Vul ture Mine Pro j ec t 
JOB NO E87-11 DATE 1-23-87 

LOG OF TEST PIT NO. ___ T_P_-5~ __ _ 

Backhoe Type Case 580 
GROUND WATER 

E 222 , 345; H 1,026,150 c~ DEPTH HOUR DATE location 

i 
!t 

2038' • CD !:~ none Elevation a. (io 
] 

>- ,l!'= 
.~ 

.... .- "i~ ,'<-VMP .! • ~c 

Datum s:. s:. ~. 

Q 0 a. Q. ::;v :.-:= :!g E ~ ~: 'i:.!! • .lI D C)~ on :IV REMARKS VISUAL CLASSIFICATION 

0 •• , ML I I 'V & 
slightly Interbedded SILT varying to SANDY 

I I 1"\ moist to SILT & CLAYEY SILT & thin (1" to 3") 
'/\ ~ SP 

J J J moist layers of fine to medium grained 
sand, silt beds - l' thick, moderately 

5 \I to strongly lime cemented, nonplas-
lI"'- JJ 

tic to low plasticity, brown 

note: some roots present 

note: varying to sandy gravel, 
10 predominantly fine to medium grained, 

angular, medium to high lime content 
below 3' , nonplastic , brown 

slightly BEDROCK, undifferentiated Precambrian 
moist schist, highly weathered, highly 

fractured, well developed cleavage, 
moderately soft to moderately hard, 
green to reddish brown 

- note: very strongly calichified 

note: may be rippable to 8' to 10' 

Backhoe refused at 6' 
Backfilled hole with cuttings 

'''Vul ture Mine Project Composite 
Surface Map 

SAMPLE TYPE I 
B - Undisturbed Block Sample 
D - Disturbed Bulk Sample 

_ 

~
5 - I SERGENT, HAUSKINS & BECKWITH 

B I CONSUl TNQ GEOT!.CHNCAL. ENOMERS 
A-II 

- _ II'HOEJQ' • 1lJC8ON • AUItJOUEAQU( • INn. FE °IAl,.T L.NCI!: CITY. n PAlO 

I 
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Heap Leach Facility Design 
PROJECT ______ V~u==1~t~u~r~e~M~1~·n~e~P~r~o~]~·e~c~t~.~ ______ ___ LOG OF TEST PIT NO. _____ T_P_-_6 _________ _ 
JOB NO E87-l1 DATE 1-23-87 

Case 580 
~ 

l 
t 

• 0 < 

'" '0 
':':0 ,. Jj; 

.E -0 ... 
• • c 1~ .I: :;: 
~ ~ 

. 
ii Q U ;: 

~g ~ E ~ ·c.! . · 0 Cl ..... on '" ... ::>u 

0 
:nF ,V , , , 1""\ lvfT 

V\ 
• • • \/ SP • • ~ 

1\ ,f",. >J 6c • • • 
-"' 

5 

Backhoe Type 
GROUND WATER 

E 222!545; 1 1 026 1 060 DEPTH HOUR DATE Location N 

none Elevation 2046' 

Datum *VMP 

REMARKS VISUAL CLASSIFICATION 

slightly SANDY SILT occasionally varying to 
moist silty sand, weakly to moderately 

lime cemented, nonplastic, brown 
slightly GRAVELLY SAND varying to sandy gravel 
moist to predominantly medium to coarse grain-
moist ed, subangular to angular, very 

strongly lime cemented, nonplastic, 
light brown to brown, caliche-
mottled 

note: rippable 

\ note: bedrock not encountered 

Backhoe refused at 4 '6 " ", 

Backfilled hole with cuttings 

*Vulture Mine Project Composite 
Surface Map 

-

: 

: 

SAMPLE TYPE 
B - Undislurbed Block Sample 
D - Dislurbed Bulk Sample 

_~I SERGENT, HAUSKINS & BECKWITH A-12 
B I CONSUl""" "",,",CHNCAl ........... 

_ _ PHOEHIX • TUC80N • AUMJOUEROUE • aAHT" FE • SALT lAKE QTY. B. 'AIO 

I 
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Heap Leach Facility Design 
PROJECT Vulture Hine Project 
JOB NO E87-ll DATE 1-23-87 

LOG OF TEST PIT NO. __ --=T..::..P_-..;...7 __ _ 

Backhoe Type Case 580 
GROUND WATER 

E 220,680; N 1,025,660 c~ location DEPTH HOUR DATE 

; !t 
2043' • Co c none Elevation or. C> 80 '!':D 

~ O~ 

.~ ~ .~ "'. *VMP • . • C 1~ Datum z: :c 0. 0. 
~. 

Q ;u ;: ii :!: E ~ '0 ... 'c~ . .. ~: VISUAL ClASSIFICATION 0 CI~ '" '" :>u REMARKS 

0 • • 
• • • 1\7 SP slightly Interbedded SAND, SILTY SAND & • • · . . X D & moist to GRAVELLY SAND, predominantly fine to · . moist medium grained, angular to subrounded · ... 1/\ GP .. . moderately to strongly lime cemented, 5 · ... increasing with depth, nonplastic, IX D 

brown 

\\ note: beds from l' to 2' thick 
slightly Diorite-gabbro, fine grained, BEDROCK, 10 moist slightly to moderately weathered, 

hard, green 
note: may not be rippable below 

\ 6' to 8' 

Backhoe refused at 6' 
Backfilled hole with cuttings 

*Vulture Mine Project Composite 
Surface Map 

, 

SAMPLE TYPE , 
B - Undisturbed Block Sample 
D - Disturbed Bulk Sample 

_1~S I SERGENT, HAUSKINS & BECKWITH 

I e I """"'"-TtNO GEcmCHNICAI. _EllS 

A-13 
_ _ PHOENfX· TlJCSOH • H.IIUOUEAQUE .. 8NfTA fE· SALT LN<E a1'Y" El. ~ASO 

I 
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Heap Leach Facility Design 
PROJECT Vul ture Mine Pro j ec t LOG OF TEST PIT NO. __ ....:::T-=..P_-;::..8 ___ _ 
JOB NO E87-l1 DATE 1-23-87 

Backhoe Type Case 580 
GROUND WATER 

E 222,035j N 1,025.420 c~ DEPTH HOUR DATE location 
; !t 

2033' • co c none Elevation :. " 80 ~o 

.E "0 ~ .- J!; ,'t-VMP • • ~c 

~~ Datum L :c Ii Ii ". 
i II. ~u eg E E '0 ~ 'co-! 

~ · ~: 0 Cl~ 01) :>u REMARKS VISUAL CLASSIfICATION 

0 I I I 
I I I 1\/ slightly TAILINGS 
I I I moist to SILT, light brown to yellowish brown 
I I I D ML moist 

5 I I I 
I I I II 
IIIII 

1\1 n 
slightly interbedded /\ BEDROCK, schist & gneiss, 

10 
moist to very fine to fine grained. moderately 
moist weathered from 7 ' to 9' • slightly ' 

weathered to unweathered below ~' 
dark greenish gray. reddish brown to 
black 

,\ note: may be rippable to 12' to 15' 

Backhoe refused at 9' 
Backfilled hole with cuttings 

*Vulture Mine Project Composite 
Surface Map 

: 

, 
; 

I 

SAMPLE TYPE 
B - Undisturbed Block Sample 
D - Disturbed Bulk Sample 

_ ~I SERGENT, HAUSKINS & BECKWITH A-14 
1 8 I CXlNSU.TNl OEan::OWICAl ENGINEERS 

_ _ ~ 01\lCSON. A&.8UOUEAOUE -SNiTA FE· SALT L.ME aT't. n f'A80 

I 
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Heap Leach Facility Design 
PROJECT Vul ture Mine Proj ect 
JOB NO E87-11 DATE 1-30-87 

LOG OF TEST PIT NO. ___ T_P_-_l_O __ _ 

Backhoe Type Case 580 
GROUND WATER 

~ DEPTH HOUR DATE Location E 2211 600j N 1,025,130 
; t 2046' • 0 c none Elevation .:. .. ~ =0 

] :: 0 Jl; 
.E • · ~ ~~ Zortman Mining Comt!any .I: :c n n ~ . - Datum 
~ 0 v 0:: 
• eg E E ~ ·c.!! 

~ · 0 C) ... on .. ::IV REMARKS VISUAL CLASSIFICATION 

0 iii i' 1\ J ML& 

I III A 1) SP TAILINGS 

.;;~.:~: slightly SANDY SILT varying to SILTY SAND, 
.,:;~. 1\1 moist to thinly bedded to laminated, moderate-

S ... ~ .. ~ X D GP moist ly to strongly lime cemented, non-:.:: .. II, plastic to low plasticity, light ... -.; .. 
brown, tan varying to yellow 
note: 6" conspicuous yellow layer at 
base of tailings 

10 
slightly grained SANDY GRAVEL, some coarse 
moist to sand to medium grained gravel, occa-
moist sional cobbles, predominantly fine 

to medium grained, angular, massive 
to thickly bedded, strongly lime 
cemented, nonplastic, reddish brown 

Backhoe refused at 6 16" 
Backfilled hole with cuttings 

_ ... - --

, --

SAMPLE TYPE , 
B - Undisturbed Block Semple 
D - Disturbed Bulk Semple 

_1rT;11 SERGENT. HAUSKINS & BECKWITH A-IS 
~~I COI<SlA,l1NOOE<m""""""-.NO ....... 

_ _ PHQENX· "IUC8OH' ALMIQUII!~ • INtTA " • 'All ~ aTY' U.'ABO 

I 
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Heap Leach Facility Design 
PROJECT ______ V~u~l~t~uurue~M~l.·n~e~P~r~o~J~·e~c~t __________ ___ LOG OF TEST PIT NO. _____ T_P_-_ll __ _ 
JOB NO E87-ll DATE 1-30-87 

580 
g 

; t 
• 0 c 

.! '" 0 =0 
"0 ~ .J!; 

.E • c 1:: .c. :c .! . 
0 D '" " V ;: 
• ~8' E ~ ~ .i:~ 

0 1:1..- ~ on "- :IV 

0 • •• X D SP 
• • • · . \I SP 
• •• A IV & • • 
• • • 5 • • I \ GP 

10 

Backhoe Type Case 
GROUND WATER 

22l z 840 i 11024 z 820 DEPTH HOUR DATE location E N 
none Elevation 2031' 

Datum Zortman Mining Company 

REMARKS VISUAL CLASSIFICATION 

slightly SAND varying to CLAYEY or SILTY SAND, 
moist to occasional coarse grained sand to 
moist fine grained gravel, predominantly 

fine grained sand, weakly to moder-
ately lime cemented, nonplastic to 
low plasticity, light brown to 
reddish brown 
note: some windblown tails on 
surface 

note: some roots and other organic 
matter present 

slightly Interbedded SAND & GRAVEL, occasional 
moist to cobbles, predominantly fine to 
moist medium grained sand, predominantly 

medium grained gravel, angUlar, 
strongly lime cemented, nonplastic, 
reddish brown 

Backhoe refused at 5'6" 
Backfilled hole with cuttings 

-

SAMPLE TYPE I 
B - Undisturbed Block Sample 
o - Disturbed Bulk Sample 

_'~I SERGENT. HAUSKINS & BECKWITH A-16 
1~~1 OONOlA.T1HGO.cmCHNICAl.ENO ....... 

_ _ P'ttOe«X -1\ICIOH • ~AQUE • IAHTA n . SAlT l.NC2 CITY. n ,~ 
I 
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Heap Leach Facility Design 
PROJECT ___ V_u_l_t_u_r_e_M_i_n_e_P_r_o....:J::....· e_c_t ______ _ 

JOB NO E87-ll DATE 1-30-87 
LOG OF TEST PIT NO. __ ---=T:..=P_--=1c.::.2 __ _ 

c~ 
!t · • co c · .. ~o ::0 ... 

~ ~":i 
.~ ~ .. 

• • • c "2~ .t: :c Ii Ii 
,. 

Ci Q :;u ;: 
:!~ E E i.f 'co! · . · 0 Cl .... '" '" :>u 

0 

5 

IlJ l '!L 

10 

I il I 

15 

Backhoe Type Case 580 
GROUND WATER 

E 220,780; N 1,025,140 
DEPTH HOUR DATE location 

none Elevation 2052' 

Datum Zortman Mining Company 

REMARKS VISUAL CLASSIFICATION 

TAILINGS 
slightly SANDY SILT, predominantly very fine 
moist grained sand, thinly bedded, moder-

ately lime cemented, nonplastic to 
low plasticity, tan to light reddish 
brown 

note: base of tailings not contacted 

note: possible collapsing soil 
conditions 

Stopped backhoe at 14' 
Backfilled hole with cuttings 

SAMPLE TYPE , 
B - Undisturbed Block Sample 
D - Disturbed Bulk Sample 

_llRJ-I SERGENT. HAUSKINS & BECKWITH 
1 B I CONSUl TNa OEOTE~1CAl ENGMm9 

_ _ PMOENX w lUCSON' AUlUClUEAQUE -IAHTA FE· SALT LAKE: QTY. n 'A!!IO 

1 

A-17 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Heap Leach Facility Design 
PROJECT ___ V_u_l_t_u_r_e_M_i_n_e_P_r_o-=:,.j _e_c_t ______ _ LOG OF TEST PIT NO. __ T_P_-_l_3 ___ _ 
JOB NO E87-1l DATE 1-30-87 

Case 580 
~ 

.. t 
• 0 

=~ : a. 'l; ~ oJ!'; 
.~ ~ • . ~ "2~ .<: :c 0. 0. u Q D t;:: 

:!g' E E ~ 'c~ . 
~ .. 

0 l?~ '" .... =>u 

0 

5 

11"\ ML 
I~ 

10 

1"\ .., 

15 
1'1 II 

20 

GROUND WATER 
Backhoe Type 

DEPTH HOUR DATE Location E 220,160; N 1,025,345 
none Elevation 2063' 

Datum Zortman Mining ComE any 
REMARKS VISUAL CLASSIFICATION 

TAILINGS 
slightly SANDY SILT varying to SILTY SAND, 
moist predominantly very fine to fine 

grained sand, thinly bedded to lam-
inated, moderately lime cemented, 
nonplastic to low plasticity, tan, 
occasionally varying to brownish 
red or reddish brown 
note: base of tailings not contacted 
note: possible 
conditions 

collapsing soil 

Stopped backhoe at 16' 
Backfilled hole with cuttings 

SAMPLE TYPE I 
B - Undisturbed Block SIImple 
D - Disturbed Bulk Sample 

_1rs:-;11 SERGENT, HAUSKINS & BECKWITH A-18 
I~...!JI COHSUlTlNO OEon;CHNICAl ....... EAS 

_ _ P'HOEMX.1'\JC8()H. M.MJOUEAOUE • SNfTA FE· SAL.T LAKE CITY. EL'NJO 

I 
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Heap Leach Facility Design 
PROJECT Vul ture Mine Proj ect 
JOB NO E87-ll DATE 1-30-87 

LOG OF rEST PIT NO. ____ T_P_-_l_4 __ 

Backhoe Type Case 580 
GROUND WATER 

E 220, 565; N 1,025,015 ·i DEPTH HOUR DATE location h .. • <0 < none Elevation 2038' .! ., ~o ~o 

.~ ~ ~ .- oX:; Zortman Mining Company • • • < l~ Datum ~ :c Ii Ii ". 
A D ;u :.=: :!g ~ E '0 ... 'c~ . • ~:: 0 c) ... VI VI :>u REMARKS VISUAL CLASSifiCATION 

0 
I I I 

ML TAILINGS 
I I I 

slightly SANDY SILT varying SILTY SAND, I I I to 
. '~' .. . moist predominantly very fine to fine 

5 
:.~: ... grained sand, thinly bedded to ...... 
~ ..•. laminated, moderately lime cemented, :.·:.ii (;1' nonplastic to low plasticity, tan . ; •... .";.,. to light reddish brown 
·~:i··· 

note: possible collapsing soil 
10 conditions 

slightly SANDY GRAVEL, some silt, occasional 
moist cobbles, predominantly fine to 

medium grained, angular, massive, 
moderately to strongly lime cemented, 

\ nonplastic, yellowish brown to brown 

Backhoe refused at 9' 
Backfilled hole with cuttings 

, 

, 

SAMPLE TYPE I 
S - Undisturbed Block Sample 
D - Disturbed Sulk Sample ~

s I SERGENT, HAUSKINS & BECKWITH 
- A-19 

B I COHSIA.T..a aE~CHNCAl ENOINIfRI 
_ _ ~. TUC80N oALIUQUEAQUf .INITA n. UlT I..NC2 QTY. n,...., 

I 
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Heap Leach Facility Design 
PROJECT Vul ture Mine Proj ect 
JOB NO E87-l1 DATE 1-30-87 

LOG OF TEST PIT NOo __ T_P_-_l_5 ___ _ 

Backhoe Type Case 580 
GROUND WATER 

ci DEPTH HOUR DATE location E 220,050; N 1 1 °25,320 
; !t 

2047' • <0 < none Elevation ~ 0. 8~ =0 
.E -0 ~ .~ 

.J!; 
.! • ~ < 

]~ Zortman Mining ComQany .t: :c ~. Datum 
~ 

0. 0. -a ;u 
ego E i '0 ... 'c~ 

0 C). ~ '" ~:: :>u REMARKS VISUAL CLASSIFICATION 

0 
TAILINGS 

slightly SANDY SILT varying to SILTY SAND, 
moist predominantly very fine grained sand, 

5 thinly bedded, moderately lime 
cemented, nonplastic to low plastic-

ML ity, tan varying to dark brown, 
D reddish brown or dark gray 

note: possible collapsing soil 
10 conditions 

'1'\ note: base of tailinf;s not contacted A 'v 

15 

Stopped backhoe at 14'6" 
Backfilled hole with cuttings 

SAMPLE TYPE 
B - Undisturbed Block Sample 
D - Disturbed Bulk Sample 

I~I SERGENT, HAUSKINS & BECKWITH 
- A-20 I !I I CXlHSUlTlNOO.cmC><NtCAI. ........... 

_ _ PHOENX· T\JC8OH • M.IN.JOlEROUE • INO"A FE • SALT LAKE CfT'Y .. n PASO 

I 
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Heap Leach Facility Design 
PROJECT Vul ture Mine Pro j ec t LOG OF TEST PIT NO. ___ T_P_-_l_6 __ _ 
JOB NO E87-ll DATE 1-30-87 

Case 580 

~ 

; t 
• 0 c 

:. Q. 
'0 

=0 

"0 ~ J!; 
.~ • . c 1~ s; :.c ii ii . 
; Q U ~~ . ~g E ~ :; 'co-! 
0 c) ... .:! on ... :>u 

0 · .'. 1\ I • • 
• • • V T\ SP 
• • /\ 

~ 

& · .. · . ML 

5 • • 1\ / 
• • • X D SP 

1\ 
• • V \ · . . 

10 

Backhoe Type 
GROUND WATER 

E 220,170 ; 1 1 °25 1 650 DEPTH HOUR DATE location N 

none Elevation 2048' 

Datum Zortman Mining Company 

REMARKS VISUAL CLASSifiCATION 

TAILINGS 
slightly SILTY SAND varying to SANDY SILT, 
moist to predominantly very fine to fine 
moist grained, thinly bedded to laminated, 

moderately lime cemented, nonplastic 
to low plasticity, tan 
note: possible collapsing soil 
conditions 

hardness & cementation gradu-note: 
\ ally increasing below 2' 

slightly SAND, occasional lenses of gravel & 
moist to clay, predominantly fine to medium 
moist grained, angular, weakly to moderate-

ly lime cemented, nonplastic to 
low plasticity, reddish brown to tan 

Backhoe refused at 7' 
Backfilled hole with cuttings 

.. 

SAMPLE TYPE I 
B - Undislurbed Block Sample 
D - Disturbed Bulk Sample 

_'~I SERGENT. HAUSKINS & BECKWITH A-21 

~.....!:.JI CONSlATNl OEOTECtHCAL ENOMI!AS 
_ _ PHOEMlC .1UCSON • Al.8UQUIEROUE: • 8AHTA F'E • 8Al T UrI(( CfTY . n .. AaO 

I 
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Heap Leach Facility Design 
PROJECT Vul ture Mine Pro j e c t 
JOB NO E87-11 DATE 1-30-87 

LOG OF TEST PIT NO, ___ T:!:..'P,--...... l!:..lZ __ _ 

Backhoe Type Case 580 
GROUND WATER 

c~ DEPTH HOUR DATE location E 220,480 ; N 1,025,585 

1 
!~ 2045' • co c none Elevation " ~o =0 

.~ '3 ~ .- .n Zortman Mining Company • · • c 1~ Datum J:. :i ii ii ~~ 

0- n ;u ;: :g E E i: 'c.! . 
~ · C ,,~ VI :>u REMARKS VISUAL CLASSifICATION 

0 • • 1\ I 
• • • y In C"T'l 

slightly SAND varying to GRAVELLY SAND, 
• • 1/\ moist predominantly fine to medium grained, • • • angular, massive, very strongly lime 

cemented, nonplastic, light brown 5 to light reddish brown 

note: thick lenses & pods of caliche 
note: weakly to moderately lime 
cemented zone, 0 to 6"· , some roots 
& other organic matter 

Backhoe refused at 3'6" 
Backfilled hole with cuttings 

. --. 
I 

i 

SAMPLE TYPE I 
B - Undisturbed Block Semple 
D - Disturbed Bulk Semple 

_'~-I SERGENT. HAUSKINS & BECKWITH 

1 e I CXlNSU.TNI •• OTE"""",,,,- ............ 
A-22 
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HOLE 
NO 

BURRO CLAY 

LYLES UPPER GREEN 
CLAY 

BC-l CLAY 

DEPTH 

SERGENT, HAUSKINS & BECKWITH 

TABULATION OF TEST RESULTS 

Job No. E87-11 
WIO 1 

UNIFIED SIEVE ANALYS I5-ACCUM % PASSING 
CLASS L.L. P.I. 1200 1100 150 140 130 i16 110 18 14 

.75 1 1" 1.5' 2n 2.5' 3' 3.5 ' 4' 6' 

SM 96 52 36 41 53 66 78 93 97 98 100 

se 94 60 19 27 40 50 62 89 98 99 100 

"H 4102 59 52 60 72 82 91 99 

.25' .375'.5· 
8' 10· 12" 

LAB NO 

7-11-1 

7-11-2 

7-11-3 

B-1 
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FIGURE 2 

Watershed Subbasins for Vulture Mine Site 
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Heap Leach Facility Design 
Vulture Mine Project 
Near Wickenburg, Arizona 
SHB Job No. E87-11 

TABLE 1 

Subbasin Design Criteria for HEC-1 Analyses 

Subbasin 
Vulture Red Red Mill 

Wash Wash 1 Wash 2 Wash 

Surface Area (square miles) 0.47 1.24 0.55 2. 11 

Hydraulic Length (feet) 5,200 9,050 9,880 14,900 

Average Slope (percent) 1.9 2.21 3.04 2.68 

Lag Time (hours) 0.76 1.24 1.14 1. 21 

Time of Concentration (hours) 1. 21 2.08 1.9 3.26 

Curve Number 85 80 80 75 

_ !~I SERGENT, HAUSKINS & BECKWITH C-3 
! B I CONSUl T1NG GEOTECHNICAL ENGINEERS 
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TABLE 2 

General Storm PMP Computations 

Drainage _-.:V....::u:.::l:..:t:..:u::.:r:..:e:.------- Area 

Latitude __ 3_4 ___ , Longitude 113 of basin center 

Month August 

Duration (hI's) 
6 12 18 24 48 72 

A. Convergence PMP 

B. 

c. 

1. Drainage. average value from 
one of figures 2.5 to 2.16 13.41in. (mm) 

2. Reducti0n for barrier-
-elevation [fig. 2.18) 79 % 

3. Barri er-elevation reduced 
PHP [step 1 X step 2] 10.59 in. (mm) 

4. Durationa1 variation 
[figs. 2. 25 to 2.27 
and t able 2.7). k ~ ~ l..lliL ill ~ % 

~ . Convergence PHP for indicated 
durations [steps 3 X 4] 

6. Incremental 10 mi2 (26 km2) 
P~~ [successive subtraction 
in s t ep 5] 

7. Areal reduction [select from 
figs. 2. 28 and 2.29] 

8. Areally reduced P~ [step 6 X 
step 71 

9. Drainage average P~~ [accumulat~d 
values of step 8] 

Orogr:aphic Pt,~ 

7.84, 9.43, 10.06, 
10.5Lll.8LI2.39_ in. (mm) 

7.84, 1.59, 0.63, 
0.53~.27 , ~ __ 3 ______ in. (nnn) 

IJ2Q.. 1J2Q. 100 100 1 00 ~ % 

7.84, 1.59, 0.63, 
O. 53..t..-.l.27 , ~5 __ 3 ______ in. ' (mm) 

7.84, 9 '-43, 10.06 
10.5~11.8~}2.39_ in. (mm) 

1. Drainage average orographic index from figure 3.11a to d. ~ in. (riun) 

2. Areal reduction [figure 3.20] 100% 

3 ; Adjustment for month [one of 
figs. 3.11 to 3.17] 100% 

4. Area11y and s~asona11y adjusted 
P~ [steps 1 X 2 X 3] __ 4 __ in. (mm) 

5. D,urational variation ['table 
3.9j 

6. Orographic PHP for given dur
ations [steps 4 X 5] 

Total PHP 

1i. Add steps A9 and B6 

35 QL 83 l.QQ-li.3lfl2J. 
1.4, 2.48, 3.32 
":::"'0~5 • 72 J. 48 _ in. (mm) 

9.24, 11.91, 13.38, 
~'6 17.& 18.8-1- in. (nnn) 

2. PHP for other durations from smooth curve ' fitted to plot of computed data. 
, , 
3~ Compa r ison with local-storm P~~ (see sec. 6.3). 

Heap Leach Facility Design 
Vulture Mine Project 
Near Wickenburg, Arizona 
SHE Job No. E87-!! 
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Computer Summary Sheets for HEC-l Analyses 

UH 

FL~~ HY[)RDffiiHi P~Cj:RS..f HEC-l 1IF!1 XI 51lt. VEf:srrno -fEB 1.1 ~'8~ 

U.S. I1!itIt CCRf'S OF ElI61~m.S , THE HYL'h'fJLDGIC ENGINEERING CENm., bUt SE[;WD STf,:E~T. DAV IS, L.A. 956H 
IMt 

THIS I[C-I VERSIOO CaHAItlS ALL Cf'T1DtIS EXCEPT ECON1l11!:S, AN:! THE IUID OF PLANS ARE REDUCED 10 3 

HEC-I Hf'UT H(l 

I~ ....... 1. .•.... 2 ....... 3 ....... 4 ••••••• 5 .... ... t, ••..••. 7 ....... S ....... ~.: "" .10 

LD SHB JOB ~<'J. E87-11 
10 j()(; YEAR. 24 He'JRS STORM 
ID Hili ~'J. T[;Fi "IKE liATEF;ID 
fDIAGIW1 

11 15 OlJU~87 0000 300 
10 3 
!N to 01,JlJt87 

P' . '. NILl 
KI'i MILL WP.5,i.\ 

BA 2.11 
PI 0.05 0.05 0.05 0.(15 O.Ob 0.07 ('.07 0.10 D.ll 0.14 
PI 0.22 1. 78 0.40 o ?? 0.14 0.11 0. 09 0. (19 0. 07 0.06 
PI 0.05 0.06 0.06 O. i)2 
LS I) ,~ 0 loJ 

UP ~,.2b 

n: F:EDI 
KM WEST RED ClDUD WASH 
BA 1.24 
LS 0 E;O 0 
UO 2.075 

KK RED2 
r.i~ Ef,ST RED r.t.OOO WASH 
BA 0.55 
L5 (I SO 0 
UD UO 

KK F:fD 
KI1 anltE FLOW FOR RED! AND RED2 
He 2 

n: lED 
KH COOB HE HILL tIAS1i U{) Ii£!) CLOUD WASH 
He 2 

KK VeLT 
KM VOLTURE WASH 
SA 0.47 
LS I) 85 
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INFtlT 
LINE 

~. 

7 

15 

28 

31 

36 
37 
38 
39 

U ENDS 
KI1 CDMBltf. ~JLL WASH AND VuUL!f:E MILL WASH 
He 
-, 
1.< 

SDH';nc ~IIIlG~:AM Of SHiM NETWORK 

(vi ROUTING (-») DIV£PSION DR PUMP FLOU 

(.) COftIECHf: (,:-) IilTlf:N [f DI~'ERTE1J IJ: fUlf£ll FLOW 

MILL 

REDI 

RD2 

1i'EII •• •••••••••• 

HRED ........... . 

VOLT 

36 BiDS ........... . 

(m) ~J~NQFF 1t.S!J DJtftJTEl) AT THIS LOCATION 
1 tHl 

5 ID 

IT 

FLOOD HYOOIJG1\APH F'OCKAGE f£C-l (1~1 Xl sm: VERSIaNl -FEB 1,1985 
U.S. AAl1Y CORPS OF ENGI!lERS, lHE HYDROLOGIC ENGiNEERiNG CENTER, 6i)~' SE~mlD Sm£ET, DRVl!), [;11. S ~61t 

HH 

SHE: JOB ttl. E87-11 
100 IEM, 24 HOtF:S STOfj; 
FOR VOLllKiE I1I1IE ~JATERS~.ED 

OUTFiJT CDNTffil V~qIABLES 
mm ' 3 PRINT CONTROL 
!FLOT (I PLOT WmOL 
QS(AL O. HYDROGRAF'H PLOT SLALE 

H'(DF:f.6flAflj Wt: DATA 

SCS H'IDEDOF:AFH tlTHDD 

tmW 1" • .J MINUlES Hl CDl1PUlATION lIHERVAL 
!DATE IJll87 ST~TItm DATE 
Im'£ OOtO 5TARHI~ TIME 

m 300 MJMID\ [f HYDfillGRWH ORD lilA rES 
tIDC~TE 4JUL87 8iDH~G DATE 
NOmE 0245 ~:rJltlG WE 

~tJfAnc."l INlERVriL .25 HOURS 
TO fit. 111'£ BASE 74,75 IUURS 

HRISH l!ms 
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fHHHHHH! 

7 I:J: t tau. f 

t 

HfHfftHHH 

I'!ILL WASH 

6 IN m.E DA1A Fffi It,'ftJT TIr.E SERIES 
JY.nIN 61) Til'[ INmVAL IN MHoIUTES 

JHlATE IJllB7 STrtlTING [tATE 
JXTItlE 0 STARTING TIME 

5UflBASIK Ftt:t{]fF DATA 

9 I:A SUBMSIN DiAAi\CTERISTICS 

Bf'1 

13LS 

14 UD 

TARfA 2.11 OOfIMSIN rv;:E;t 

ff.:ECIPIlATl OtI DATA 

5101\'1'( 4.12 BASIN lOTAL fRECIF'ITATIW 

INCROOIlAl F'RECIF'llAjj{}l f'AlTERN 
.01 .01 .01 
.01 

.v6 

.10 
.(13 

.02 

.01 

.OJ 

.01 
.02 
.03 
.06 
.10 
.03 
.1)2 

.01 

.01 

,(Jl 

.02 

.03 

.05 

.I)-~ 

.03 
O? 

.01 

.01 

.01 

.01 

.02 

.1)3 
.06 
.06 
.03 

(;7 

.01 

.Ill 

SC5 LOSS F:li TE 
5lm 

Cf<'.'tMl 
,67 INI1IAL A5'STRACTIDN 

75.00 WF:· ... E t-UiEfF: 

.01 

. 01 ,., .,L 

.')3 

.45 

. 0~ 

.02 

.02 

.02 
. I.~) 

RTIt1P .00 PEi\'Wil II'f'ERVlOOS AREA 

SCS DII'Ett;)lrtlLESS m1lT6RA"H 
flAIl 3.26 LAS 

ttf 

UNIT HYL:RC6F:1f H 

.01 

.01 
1\.-, 

. Vi 

.03 

.45 

.06 

.02 

.02 
• !ll 
r,· 

" "t 

67 EtID-L'H'ERlDD OHDINATES 
7. 19. 36. 56. 82. m. 151. 

~'82. 296. 300~ 300. 2:'7. 283. 268. 
186. 161. 139. 123. 109. 96. 65. 
54. 48. 42. 38. 33. :W. 2b. 
16. 14. 13. 11. 10. 9. 8. 

0 4. 4. ~ 1 3. , oJ. . '. J. oJ • 

I. I. 1. 1. 1. O. l'. 

tH ttl tff Hf HI 

Hl'DROff'§1-l AT STATION MIU. 

TOTAL RAINFALL = 4.12, WTIt LOSS = 2.36, TOTP.L EXCESS = 1.76 

F'ER( F WI. TI t'E rt\,(J lilf. AVERfJ£f FLU( 
6-/iR 24-H/l 72-HR 74. 7:5-HF: 

(CFS) (1£) 

(CfS) 

.01 . ('1 .01 . '!1 

.02 .02 • 01 " . · ,, -
." .~, t'" .. .O~. · ')~ 

.1)4 . :.'~, .114 . !;3 
.45 .44 .1 0 . Ii.' 
.04 .1!4 .u3 . ',4 

0" 1')2 IY' .-. . , • IL · ,, ~ 
.02 .0: .02 . (1 1 

• ~)2 .01 .01 , ,-, 

193. "'"i(1 
"..; ..; . 260. 

""-. J.oJL. 234. 212. 
77. H. 6:. 
'" 21. 1" • oJ. u • 

7. :.. ~ 
.J. 

2. ' . , 
L . L. 
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.. . ~ .' 

(AC-m 12"a. 198. 198. 192. 

Cl11lUTiVE AFiA : L.lI Sil I'll 

Hf HI Iff IH HI Iff tff tM ttl tff HI ftl ftl IH Iff tn fli ttl ttl HI Iff tff f-U tff ttl Iff tff HI IH HI Iff fft tff 

IfttHtttt'"1 

! 

15 ~}( RED 1 f 

17 E;A 

B F'B 

18 LS 

19 l'D 

HI 

tnttHffHHI 

~~Sl RED CU!'D kAStl 

SUBBASIN RL~LH DATA 

SUBBASIN CHARACTERISTICS 
TAF,£A 1.24 st;8~5Jt(!lFiA 

ffifCIPITATHlI DATA 

ST[Ju1 4.12 BASIN TOift. FffCIF'IlATI[ll 

11¢:REtlENTAL f'R.ECIPlTATlW PAiTExN 
.01 .01 .CI .01 
.1)1 
.02 
.02 
.06 
.1(1 
.03 
.02 
.01 
.OJ 

. 5::: LOSS RATE 

.01 

.02 

.(13 

.I)b 

.lv 

.03 

.02 

.01 

.01 

.01 .1)1 
07 ,':'2 

.v3 .03 
.OS .06 
.06 .06 
0' • C;3 

.02 .02 

.01 .('1 

.01 .01 

.01 

.1)1 
.02 
.03 
.45 
• ~)5 

.02 

.02 
0'1 

.00 

STRTL .50 I1HTIAL AE:5TRACTJON 
CfiVNBF: 80. OQ ClRVE IttiID: 
RTlt'J' • ()() F'EI\WIT IrrPERVIOUS AREA 

. SCS DII'IENS!(JtI-ESS LtlIT6RAFll 
TL~G 2.08 LAG 

tM 

um ff(DROGHAfH 

.01 

.:)1 
0'7 

.03 

.45 

.06 
0" • t. 
,," .. ) /.. 

.01 

.01 

44 ElID-OF-PERJOD DRDltlATES 
: 1. 34. 65. 100. 163. 215. "t;" " .• t.. 

244. 210. m. 155. 124. 103. 8&. 
~1. ~. n. 24. 20. 16. 14. 
7. 5. 4. 4- 3. 3. " ". 
1. 1. O. O. 

lit HI Itt lit 

HY'DfJJGRAfH AT STATlrt~ REDI 

TOiA~ R~Jtifli..l : 4.12, TOTAL LOSS = UB, TOTAL EXCESS: 2.14 

THE ffiX I Klt AVERAGE F LOt: 
6-~ 24-tf: 72-HR 74. 75-HR 

.;)1 .01 .01 .01 

.02 .02 .(I! · ~~t2 

.02 .02 ,('~, .03 

.04 .03 .04 hT · '~ '.: 

.45 .44 .10 · ~ .) 

.04 .04 .03 .04 

.02 .02 0" • t. ~ ' .... 

.02 .U! .02 . I)i 

.02 . r)1 .01 .('2 

270. m. 264. 
72. 61). 50. 
11. 9. B. 
2. 2. 1. 
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.... , ~, 

t g;'. 14.00 211. 71. 24- r " 
J.') , 

UNCHES) 1.581 2.141 2.141 2.141 
(OC-FTi 105. 142. 142. 142. 

U'ttlAmE If(£A = 1.24 5Q "I 

Iff Ht IH tn ttl t .. Ifl ftl 1ft ttt HI Hf IH flf HI fft nl Itt In HI flt Ht IH Iff HI Iff Iff IH H. H~ HI HI 'ftt 

HHHfffttitl 

• 
20 n RED2 I 

i2 BA 

I 

tttUUlntH. 

EPST RED CLOl'D WASH 

SUBBASW 1i'L~l(fF DATA 

SUBBASIN CHARACTERISTICS 
lAID .55 SUBMSIN AREA 

f'RECIF'lTAllOtl DATA 

Slffit! 4.12 BASIN TOTAl. PF:fCImATl[j~ 

B F'J WCREMENTAL PRECIPITATION mmtl 
.01 .01 .01 .01 .Oi 
.01 .01 .(:1 .01 .I}i 

C'"' .02 .02 or, 
, L .1)2 

0'1 .03 .03 .:)3 .03 
.06 .06 .05 J>6 .45 
.1 (1 .1(; .06 ,Ob .!f..i 
. 0.3 .(t~ .03 .03 f"~' 

.~'':' 

, i)2 .02 .02 .1)2 .0:::' 
.01 .ot .01 .01 .02 
.01 .Oi - .Oi .01 .00 

2$ LS SCS LOSS R{;TE 
SH:TL .50 ItllTlAl. ABSTRACTION 

CRVNBF: SO.tI) IlENE IliliEfF; 
RTIIf .00' PERCENT II'IFERVlOUS AREA 

24 UD SCS DItHISIfJtUSS L'HTGRAftj 
TLAG 1. 90 LAG 

ttl 

ltllT If(DF:(gi.Af~ 

[II 

.01 
0'"'1 . , 

.03 

.45 

.I)~ 

O? 
, t12 
.01 
.01 

40 ENJ}-QF-PERIDD ORDHIATES 
6. 19. 36. bl). 90. 114. 127. 

107. 9"1 ,. 73. 58. 47. 38. 32. 
l4. 12. 10. S. 6. 5. 4. 
2. 2. I. 1. 1. 1. 1. 

ttl tn HI ttl UI 

HYDROGF;Af'~ AT STATION RED2 

TOTAL fiAINH:LL ; 4.12, TOHL LOSS = 1.98, TOW!.. EXCESS; 2.14 

PEAK FLOW Tlt:£ I1AX lHiJtl AVERAGE FLOW 
., .. , .... 

.01 .01 . I)! •. i 

"~, . O~ .(11 ,,:)2 .:)i. 

.l,2 .02 ,03 · ~ '.~ 

. (j4 . 03 .1)4 :" 
".'-.' 

.45 ... .10 < ,-." · ~ ", 

.04 • ',14 .03 . A 
• ~~2 . ~2 cr, • ' i, • ',;'2 
.0:: .01 • ~:2 .')1 
.:)2 .01 .G i . 0~ 

131. IZi. li9. 
"'i-. £u. 21. 17. 

4. ~" 2, 
O. o. O. 

C-9 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I t 

I 

+ 

(US ) 
158. 13. 75 95. <~ "i.. 11. 1(', 

nt::t£S) 1.604 ':.141 2.141 2.141 
(~-FTl 47. 63. 63. 63. 

UJt' .. .vm VE Piill = .55 52 MI 

Itl HI HI IH flf ttl HI tH HI ttt IIf Uf tH IIf Iff ttt Ht Hf 1ft fH Ht tit ttl ftl ft~ ft> tff Ht l! I IB IH HI HI 

25 n: 

27 He 

HI 

FEH( FLCt 

(CFS) 

493. 

tHftHfftftH 

t 

REDf 
t 

HtHftfftHH 

CU'1El1i'E FLC4/ FOR 1\8)1 AIm RED2 

H '~~~ CDl1BIt~T1Il{ 

1Cft"i' 2 l-lUiiBER OF HYDROGRAF'HS TO COt'iliINE 

Hf 

IH ttl ftl 

HyDRIJ6RAF1i AT STATION 

'TIl[ MAXII'UM AVERAGE F L0t4 
6-HR 24-HR li-HR 74. 7~1{~ 

(fIR) 

(US) 
· 14.00 306. 103. 34. 33. 

!lN~f£S) 1.587 2.141 2.141 2.141 
(AC-Fl) 152. 204. L'04. 204. 

wrru TlYE APiA = 1.79 SQ HI 

HI IH iH fft Hi fff fit ttf ftf ftf flf IH HI HI fft HI Itt *** 1:H Itt HI fH H' H* Iff Itl tH Ut HI H. H* Iff HI 

28 t.:t.. 

30 1£ 

HI 

F'ER i:: FLOW 

(CFS) 

HtftHfttftH 

f 

H.ifD f 

f 

tHUftftfntt 

WnBlNE MIU WASH AND RED CLOUD :It'ISH 

HYDfi'OffirllH mlB ltlA T HJI 
I COM!" 2 t,rJtlBEf\ OF HI'rn::CGAAF'HS TO COMB I NE 

itl Hf Hi ttl 

HYDRU"oRAf'H AT STATION if\ED 

TIME MAXlI'ill1 AVERAGE FLO'~ 

6-fiR 24-1f< 72-ff\ 74.7~HR 
(fl.RJ 

C-IO 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I t 

I 

." .. ..,; ~". -_. 
IINQfS) 1.315 1. 932 1. 933 1.9J: 
IAC-FTl m. 402. 4')1 \, ... 4("' .~. 

LUfllAm'E m : 3. '10 SQ III 

H' tft Hf Ht tff ft. Itt Hf H. Itt .. I In tff ft. Itt ttt fft ftt Iff Iff ttl H. f .. HI ftt If. tft I .. In In ... t 4ft "' 

tffUtHH .... 

I • 

31 i~X Vu..T t 

33 SA 

8 PB 

8 PI 

34LS 

35 liD 

ftt 

H"'HtttHH 

SUBBASIN IitJtlJfF DATA 

SUBBASIN C1lARACTERISTlCS 
TI'iiEA .47 5UBBASIN P.ffA 

PRECIPlTATIDlI DATA 

STO!iI1 4.12 BASIN TOTAL fRECIPlTATlDN 

INCfiiMElITAL PRECIPITATION PATTf"till 
.01 .01 .01 .01 
.01 
.02 
.02 
.1)6 
.10 
.03 
.02 
• 01 
.01 

.01 .01 JJI 

. ~2 0" • L .02 
J)3 .03 .03 
.06 .1)5 .06 
.10 .06 .06 
.0: .03 O~ • J 

• fJ2 07 .02 
.01 .vl .01 
,i}1 .01 .01 

.35 ItHTIAL AB3TRACTl(}i 
85.00 ClF:\£ )I!J/,Ui'ER 

.01 

.I}I 

.e2 

.03 

.4:, 

.05 

.02 
0:-

.02 

.00 

ses LOSS RA 1£ 
STF.R 

C~~vtrDR 

1mif' .00 PERWIT mUVIOUS AIi1A 

SCS DIMENSIOIliSS tJIlTERAf'H 
TL~ 1.21 IJb 

11m HYfJROOPJl.F'H 

.01 

.01 

.1)2 

.(13 

.4~ 

.1)6 

.02 
0'; 

.01 

.01 

26 £tID-OF -P£RJ OD OF:D INA TES 
15. 49. IIX'. 149. 169. 16b. 145. 
4~. 33. 24- lB. B. 9. 7. 
2. ~ I. I. L. 1. O. 

H. fft ftf 

HYCRfAlRAf'H AT S1ATlON VOLT 

TOTAL F:AiioifAll : ~.12 ! TOTAl. LOSS = 1.55, mm_ EXCESS = " .., ~ • .JI 

F'E?!( FW~ WE MXII1J1 A\~AGE FLO~ 
b-ffi 24-i{R n-HR 74. 75-HF: 

ICFS) (if() 

.Cj 
.1)2 
.~2 

.04 

.45 

.04 

.02 

.02 

.02 

116. 
5. 

0' 
(I" • L 

.02 

.03 

.44 
• Ct4 

1\'-; 
• v ... 

.01 

.01 

81. 
4. 

.01 

.ill 

.O~ 

.(14 

.10 

. ,)3 
'-"1 

• Ji.. 

.02 

.Oi 

59. 
3. 

.:)1 
• ~'2 
.03 
.u.: 
.l '} 
.1:4 
.02 
. 1)1 
" -: . 

. '_ ~ 

C-ll 



I 
I 
I 
I 
I 
I 
I 
I 

+ 

+ I 
I 
I 
I 
I + 

I 
+ 

+ 

I , + 

I + 

I + 

I + 

I 

tlNCHESJ 
(AC-Ff) 

2.M' 
SO. 

2.565 
64. 

• 47 Sg 111 

2.565 i.5b5 
64. 64 • 

tif IH fll ttl ttl ttl tH tff ttt Iff In Ht fit ttl tit ttl HI ttt 1ft Hf Hf. HI tn tn IH 1ft fit Iff fH IH fH fll HI 

tHtHtH .. t .. 

36 KK BillS f 

fH .. ftH .... 1 

IXt'JHNE MILL WASH IlIID va. TURE MILL WASH 

38 He H¥DIitl6IWH COt'.aIWlTIrnl 
ICOMP 2 ~ OF HYDROBRtHG TO COt".BINE 

tft 

IH IH tH Itt I .. 

Hl1'ROG/W'H AT 5 TAT JON ENDS 

F'EAK FLOW ; TINE I'tiX I ~Lt1 AVERAGE FLON 
6-H~: 24-HR 72-HR 74. 75-tii\ 

(CFSJ (h'F;) 

(CFS) 
877. . 14.00 643. 235. 7B. 7b. 

W{f£S) 1.367 1.99'i 2.001 2.1XJ1 
(ANT) 319. 466. qU. 4bb. 

CIJ1I.lA TIVE W.£A = 4.37 ~ MI 

RL~mFF =Ut1I1AR'( 
FUjii IN CUSIC FEET PER SEC~ 

TiME IN HOURS, MEA IN SillJAAE tU LES 

PEAt: TIl[ OF A'v'ffiAEf FLW Fffi riAWiil1 fERIOL' BASIN MF.IJt1UM rINE OF 
DFEF:A T 10:1 STATION FLO~ PEAK AREA STAGE MAX ;TAGE 

6-H0iJ( 24-ttJlf: 72-HOOR 

HYDF,ftf:APH AT 
MiLL 337. 15.50 258. 100. 33. 2.11 

HYCfI'C:::#i'H AT 
Fill 337. 14.00 211. 71. 24. 1. 24 

H\lf~rBRi:f1-l AT 
RED2 158. 13.i':j 95. 32. II. .55 

2 COl1BI~ AT 
RED 493. 14.00 300. 103. 34. 1.79 

2 cor;W[!) AT 
Hli:ED 757. 14.25 t:".-, 203. bB. 3.90 wi.. 

H'{DI\'ffifiAFH AT 
VOLT 217. 13.00 102. 3~' 11. .~7 

-~ "nVT',r""" t O\T 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

LH£ 

Hi FF.1:1 m 

4 
:5 

~. 

W 
11 

i3 

I" 

15 
16 
17 
18 
19 

:1 

24 

26 
27 

29 

31 

WH 

FLOOD HYDF.'OORAPH F'r..."j:.AG~ fI.EI-! !1£r.1 Xl 512)( \U:3lONi -FEB 1.1985 
U.S. ~i1r c!'(f'S [f EMmURS, Tf£ ffi'OOOLOGIC EI.IJHfERIKJ CHHER. 6':19 SE:[tID ST!'.EEI. DAVIS, CA. iS~b 

UH 

THIS f£C-l VEF:5Iml C[tHAINS li.L [PIlON'; ECHT ECC.'i£:1IC3, AN!) THE r.liBER OF FUN; ff£ R£r.u() ro 3 

tiEC-1 lt~~UT f'ilS!: 1 

10 ....... 1 ....... 2 ....... 3 ....... 4 ....... 5 ....... 6 ....... 7 ....... B ....... ~ ...... 10 

ID SUB JOB liD. [S7-1! 
ID 5()j YEAft, 24 H[JJf:5 sm::t1 
ID FOR VOLTU~:£ t1It-[ W;;TERSHED 
tDIAGAAM 

IT 15 0IJ';~7 t:oOO 1("," 
... vV 

10 3 
lt~ W OlJULB7 

KK HILL 
KM M I li. 1iAS,'1 

SA 2.11 
PI 0.06 0.06 0.06 O.Ot o.oa 0.('7' 0.C9 o .", •• L 0.13 0.16 
PI 0. 27 2.21 (!.49 0.27 J.1B 0.13 0.11 0.11 (I. ifI ~) .CS 

PI 0.06 (: .07 0.00 0.03 
LS 0 75 i) 

UD 3.26 

ilK ~flll 

KM ~JEST Ffll CLOUD ~"H 
BIt 1.24 
LS 0 80 0 
UD 2.075 

l\K RED2 
KM EAS I IilO CLOUD WiSH 
BA 0.55 
LS 0 8(1 0 
UD i.90 

KK F:EO 
KN W1BWE FLOW FeR REDI AliD F:Ell2 
fC 2 

KK HREO 
~ ca;BI~ HIli. Wl5!l mil flED a.CIJD WASH 
It 2 

r.x VOLT 
~ \OLT~E WASH 
BA 0.47 
LS 0 85 0 

C-14 
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tID. 

15 

20 

28 

37 
38 
39 

r..r. EIIDS 
r.t1 CffiBlNE MILL WASH AiiD vtlTUEE r.IU ~A5H 
f( 2 
ZZ 

SCfU1ATlC DIAGRAM OF SlRfA.'1 lifliiORK 

(-}) DIVERSION DR PUMP FLf.*I 

I.) UlMCT ffi ({--) fiHlfIN If DIVERTED [)fI f1JIfED FLOW 

MILL 

R£J)1 

REl .......... .. 

~.'fI) •••••••••••• 

31 mLT 

36 ElIDS ........... . 

(Ht) F:UlioH ~so CCtf'UTED AT THIS LCCATiDN 
1 HU 

510 

IT 

FLOOD HYDROClltiF'H Ffi[XA'2E HEC-l (1511 XI 512~: ',EF:SJOW -fEE 1.1 S(l5 
U.S. ARt-II CORPS OF HIGHW:S, M HYL'RO' ... DSIC ENGltffRING WmR, 61)9 S'ECOtlD STREET, DA\!IS. CA, ';:-6; ~ 

HH 

SlID JOB t-ill. E87-11 
5<)1) YEAR, 24 HOUFS SmRH 
FOR \l'JLTUR£ MINE WATEh~ 

o!mtlT cc~m:!l. V~U ABLES 
IPF:IH 3 PRINT CDNTRC'L 
IFtOT I) PLOT crnTfiQ 
Q5CAL ' O. HYDROGRAPH PLOT SCA'..E 

H1'£f:ffiRAF'H TIl[ DATA 

SCS HfDRDGRAFH t'£THOD 

NMHI 15 MINUTES 111 C!iIf'lJTATHrt mmiJliL 
IDHIT IJ11.87 STMTItIS DATE 
!TIlt: O()1)O STARTWG TIME 

NQ 300 tOIEff: OF HrDF:ilBAAFH ffiDl~TES 
tiDCIlTE 4JULB7 EIIDWS DATE 
tOTlI1£ 0245 E1IDl~ TIME 

W'f'UTATIDN ImERiJAL .25 HDUP.S 
TOT~ fINE BASE 74.75 f'ID:S 

Er~6LISH UNITS 

• • _ • • ~. _ .. .. .. _ ........ M .... __ . .. .. .. .. _ ................... ~ ...... _ _ " ........ .. . . . ... " ..... _ .. __ .. . . _ _ .. .. .. .......... .... .. _ ..... .. . .. ... .. , ••• • • _ .. . . . .. _ .... . . 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

7 1:1 

6 HI 

9BA 

B PEl 

8 PI 

lHD 

IH 

HtffHtffHtf 

• 
tllu.. t 

fffftHffKtff 

~ILL WASl-i 

TIt1 ~TA FOF: Uf'Ul WE SERIES 
JX/'IIN 60 TIME ItITERVPL IN HlNUTES 

HDATE IJUL87 STARTIMS DATE 
mIrE 0 5TA.~TlIffi TIl( 

!llIBASIN R!NfF MTA 

SUBBASIN r.:Hf>.R.P.CTERISTlCS 
TAFiA 2.11 SUBEflSltl ~ 

FRECIPITATION MTA 

STO!it1 5.11 BASIN TOTAL F1lECIF'lTATIoti 

HlCREtI.EtH& PRECIF'lTATIDN PATTE1i11 
.02 .02 .02 .01 .01 
.02 .02 .02 .02 .02 
.02 or, 

• i- 0':' Cr, t 't. .02 
• ~13 .03 .03 .u.;, .03 
.07 .07 .07 .07 .55 
p .. r- .07 .07 .07 

.03 .03 .03 .03 .03 

.03 ,03 .02 .02 .02 
.01 .02 • ('1 .01 .02 
.02 .02 .01 .01 .01 

f£S LCGS RATE 
SIRTl .67 lNITIAL APSlRACTlc;i 
wmE~ 75. IX' C~f:~£ 1t:'XIifR 
RTIr.f' .00 PERCENT H'fERVIDl1S AriEA 

!rS DI~~3IWLESS UtUlffiAPH 
TLAS 3. 2b lil6 

tff 

urm HYOO06RAf'H 

rt'i . ,~ 
.02 
0"' • L 

.03 

.55 
,!)7 

.0 

.02 

.02 
• 01 

67 END-OF-f'ERlOD ORDINATES 
~ 
I. 

L'82. 
186. 
54. 
16. 
< 
.I. 

I. 

19. 36. 
296. 300. 
161. 139. 
46. 42. 
14. 13. 
4- 4. 
1. . ,. 

56. 
300. 
123. 
38. 
11. 
1 v. . 

82. 114. 151. 
m. 
M. 
33. 
10. 
3. 
1. 

223. 
96. 
30. 

9. 
3. 
O. 

268. 
85. 
2b. 

B. 
.... 
O. 

In tH ttt Hf 

HiL:f:GGRAFll AT STAT ION MILL 

TOlfl.L RAHIFALl == 5.11, T01PL LOSS == ~.57, TOTP.!.. EXCESS == 2.54 

6-HJ;: iL-tii: 74. 75-HR 
t I[IS) Iffil 

{CFS,I 

.02 "r, " . .01 .t2 

.02 (,~ 
. .... L OJ . U~ 

.02 ( t l .v_ .03 . ::'~ 

.05 .05 . ('4 . 05 
=< . ~~ r ' ~ .~ . 

• .1.1 .. 
.u5 ('" 

. .. j ~ .04 . ~i5 
.03 .03 .03 I I)} 

.02 .02 • !)2 ··I·~ 

07 c'-' . -. .1:2 .02 

193. 230. 260. 
'j=", 
.J •• 234. 212. 
77. 69. 61. 
23. 21. IE. 
7. 6. r 

.I. 

2. i.. i. 

C-16 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

(A::;-FTl 187. 285. 286. 286. 

2.11 5il I'tI 

Hi IH HI ftl Itt ttt tft tff ttt tft ttt tit tH tit tff Itt 1ft ttt i H IH Iff Uf Hf ftt ftt ttt 1ft Iff Itl IH ttl tH HI 

15 ~]( 

17 &A 

BF'& 

HI 

18 LS 

19 U:i 

ttf 

.. tUtUtH' .. 

f£l1 f 

f 

fUfHtfffffU 

\IlST RED Cill,;D ~H 

SL'B!lASI~ Rlt~H [lATA 

51J&EASW CHAHAClffiISTICS 
TAFfA 1.24 SUB&ASW AFiM 

F'P.£CIF'lTAl ION DATA 

STORM 5.11 BASIN TDiilL F'Ii£CIF'nATI~ 

IN:REMEtHAL PRECIPITATION F'ATTERN 
.02 .02 .02 .01 
.1)2 .02 .02 0" 
.~ .~ .~ .~ 

.03 
.07 
.12 
.03 
.03 
.01 
.02 

.03 

.07 

.12 

.03 

.03 

.02 

.02 

.03 

.07 

.07 

.03 
O? 

.01 

.01 

.03 

.07 

.07 

.03 
O? 

.01 

.01 

.50 !tUTIAL ABSTRACTlliIl 
80.1)1) CURVE mER 

.01 

. 02 

.02 

.03 
= • .J..J 

. (17 

.03 

.02 

.02 

.()! 

SCS LOSS RATE 
STRTL 

ClMlffi 
RTIMF' .00 F'tli'CENT IMF'ERVWJS AREA 

seE DINENSIotUSS IillITliRAFH 
TlJi5 2.()3 LAB 

ttt 

[JUT HYDfl1l5RAf'H 

.02 

.02 
Oi 

.03 
== .JJ 

.Oi 

.03 

.02 
C" . ':" 

.01 

44 ENHHERIDD OSlllt.IATES 
11. 34, 65. 108. 103. 215. ~..c:~ ..... u ... 

244- U"O. I'll. I~< .J..J. 124. 103. Bb. 
41. 35. 29. ~. 20. II:. 14. £'t. 

7. ~ 
J. 4. 4- 3. 3. ... 

1. 1. O. O. 

... fff ttl tn 

H'IDF.'OGlWH AT STAmm REiJI 

TOTAL liAINFALL ;; 5.11, TOTAL LOSS ;; 2.12, 10TAL EXCESS;; 2.97' 

FEAl: FLOW 11 ME MAXlMlJ!1 AVERlf.i. FLOW 
6-HR 24-f*l 72-HR 74. 75-HR 

o~ • L .02 . 01 • ~12 
.02 .02 .02 .O~ 

07 .02 .03 .03 
.:)5 .05 .04 • (is 
~= rr .1i ,:0;. .J..! .JJ . J~ 

.05 , ')5 .04 .05 

.03 .03 .0'5 . 03 

.1)2 . 02 .02 ( I') 
• J~ 

.02 0" • L 
I·. ~' .C'2 .VL 

270 • 272. 21:4. 
72. 60. SO. 
11. 9. 8. 
2. ~ 1. .. . 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

,~r ~ _ 

+ f '= I~. 14.00 2~'5. 100. 33. ~-21 
(jtOit:S) 2.211 2.999 2.989 2.981 
(ANT) 14~. 198. 198. IS'E. 

CUl'".J..A TI'v{ l'iiA = 1.24 S1l HI 

HI Iff fft Iff. ftt tff HI ttt fff Ilf ttf In tff HI ftl ftt tn ttt tH IH ftl In HI IH IH tff IH fH HI Hf Iff IH Itf 

'-'.ffffffiffl 

f 

~,j ):J: F:ED2 * 

22BA 

8 F'B 

23 LS 

24UD 

f 

HUIHffffUf 

EAST f1D CLWD WASH 

5'JBBASltt RlNFf DATA 

SUBBASIII CHARACTERI5T ICS 
TAfIHt .55 SUBMSIN Af:EA 

F'RECIF nA1ION DATA 

STORM 5.11 BHSHi 101ft f'REClf'ITATlON 

H[~:£MENT ft FREe j PIT AT ION FA lTERj~ 
~ .~ .~ .m 

.02 

.02 

.03 
(1' .. / 
P 

.03 

.03 

.01 
07 

S::S LGSS F;A1E 

.1)2 

07 

.03 
.'j7 
.12 
.03 
.03 
.02 
0" 

.02 .02 
0;- ()" • I.. 

• 03 .03 
.07 .07 
.(17 .CI7 
.OJ .. ,1 ... 
O~I ('-J 

.01 .01 
.01 .01 

STRTL .~~) INITIAL A8S1RACTlDN 
Cf;v~IBF; SO.IXI crn~'E M.~B£R 

.01 

.02 

.02 

.03 .... 
0";") 

.07 
.03 
0''' . "-

.02 

.01 

RTlHF' .0(, PERCENT II'PERVIOUS MfA 

sr:s DIXENSIOIliSS lJHTfilAFll 
TLA6 1. 90 I1t6 

HI 

.(2 
.C2 
lei 
.!;: . 

0;; 
.~ .. 
.07 
.03 

('7 

.02 

.01 

40 ENHIF-FERIOD ORL'INA1ES 
6. 19. 36. 60. 90. 114. 127. 

107. 92. 73. 5B. 47. 38. 3" ~. 
14. 1" 10. B. b. ~ 4. 1... w. 

2. 2. 1. 1. 1. 1. 1. 

H' Ht HI Ilf HI 

HYDROI*:APH AT SlATION RED2 

TWL RAlNfPll.= 5.11, TOTAL LOSS = 2.12, rant mESS = 2.99 

PEAK FLOW T 111 MAXI)1l,T\ AVERAGE FLOW 

.02 Oc- ,(ll .rJi 

.li2 .02 .02 .~l ~ 

1:)2 .02 .I) ,~, (.i 
I J ~ 

,cJ5 .(15 .04 .1,;5 
;:< [:;:' .12 .12 • .J,J • oJ') 

.05 .1):, .04 • !~ : 5 

.03 . (i3 .03 .1:: 

.02 O? Q~ • <-
, ",.OJ 

.02 (1'1 . '" .02 . :;2 

131. 129. 119. 
26. 21. 17. 
4. , '-.!. "-. 

O. c. o. 
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\ 1 ': \..' 

(CFS) 
~~. 13.75 m. 4t 15. 14. 

(JrK .. ~:ES ) 2.m 2.989 2.~·11 2.98"1 
(r£-FT) b-6. 88. 88. eg. 

CUIU . .ATI'v't AFiA = .55 SQ NI 

ftf IH fff 1ft Itl ftt Itt tft Iff Iff ttl Ht ttt Iff 1ft IH Iff fft IH ttt ftl ftt tft IH HI Itt IU Hf H~ IH ttt HI HI 

fHHHHHftt 

FiD , 

IHfHHffHff 

COriB!~ FLOiI FDR REDl fltID RED::: 

27 He 
IC[tf' 2 flLll'mm OF HYL'ROGRAPHS TO CO!'I.BINE 

.'f IU Hf til HI 

H'IDR[!ffillyH AT 5T~1I0ii RED 

FfjiJ( F LiJ~ TINE I'!AWUl1 AVERAGE FLIliJ 
6-HR 24-HR ]2-fii 74. 7~-1f< 

+ (eFS) (Hl) 

(eFS) 
bi'5. 13.75 m. 144. 48. 46. 

(JI~CHES ) 2.220 2.98'1 2.%9 2.989 
(E\C-FT) 212. 285. 285. ~. 

UIU.P. Tl VE '*8-: = 1.79 5Q MI 

Ht IH Iff Iff 1ft ttt ttf HI fff Iff Itt tff 1ft Ht ttt tft tft H. Itt IU tff tft tft Iff tH tft HI ttl Itt H! tft Ht til 

28 l\K 

30 He 

'II 

t (CF3) 

HHHHHHH 

* 
tiHED t 

I 

HHtftttttlH 

IfrDR[(~:I1'H CLi'lBI~T JON 
ICfltlP 2 tUIBER OF HiDROGRAf1t3 TO COMBINE 

H' 

Iff Hi tH ftt 

HYD~'O~:Af"H AT STAlIrtl MRED 

TIME t¥lXiI1l11 AVERAGE FLW 
6-HR 2HDi 74.75-f'R 

(1£) 
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1' ... .,; ;:,J' , ... I .... 

(IMJ£S) 1.878 2.743 2.745 2.m 
(I\C-f1) 3~'1. t'''l't 571. ":11 ..J; .... "' , .. 
CLl'ru n VE AF:£A = 3.9() SJ til 

Iff ft· lH Hf IH fH IH Iff fff Hf fH Itt Iff HI HI HI Iff 1ft ttt tt. In In Iff HI ,_. I .. fit HI H~ fH UI **' HI 

31 I:J, 

33 fA 

H E 

BPI 

3HS 

35 UD 

1ft 

tHffHtHHH 

f * 
VO • ..1 * 

"f"Htlfff" 

VOLT URE WASH 

9J9E'ASIN F:~[fF DATA 

SUBSA.sI~l CHARACTEIUST les 
T MEA • 47 S1J8BASI~ A.~lA 

FRECIF'ITATION DATA 

STOF:M 5.11 MSIN TOTAL Fhi.CIF'I1ATWN 

HlCREHENTAL PRECIPITATION PATTERN 
.02 .02 .02 .CI 
.02 
.02 
.03 
.07 
.12 
.03 
.03 
.01 
0'; 

.02 .02 .02 

.02 .02 C" • £ 

.03 .03 .1)3 

.07 .07 .07 

.12 .07 .i)7 

.03 • C,~, .03 

.03 .02 .02 
0" • ' i,. .01 .01 

.02 .01 .01 

.35 Wl1IAL ABSTRACTiON 
85. Or) CUfi;,'E ttlllitE 

.01 

.02 
O? 
01 

C~ 
. ~.J 

.07 

. O,~, 

. 02 

.02 

.01 

S% LOSS RlilE 
STRTL 
(~MmH 

RTIMF' .00 PERmIT li1'Ef&IOUS A.'l£A 

SCS DlMENSIOtUSS utUTGRAFll 
TLAG 1. 21 LAS 

Hf 

WIT iftDh'OffiAF1-! 

.02 

.02 

.1)2 

.o~, 

<t 
• oJ,) 

. 07 

.O~, 

.02 

.02 

.01 

26 ENJ}-OF-f8IDD !J\l)INATES 
15. 48. 100. 149. 169. 166. 145. 
44. 33. 24. 18. 13. 9. 7. 
2. " 1. 1. 1. O. (.. 

Hf * .. HI tft 

HyOODtIlffH AT STATION VOlT 

TDW.L R.Al t.5'All. = 5.11, TOTAL LOSS = 1.64, TOTAL EXCESS = 3.47 

F'EAf: FLOW TIff: 
b-~ 24-tF. 72-HR 74.7HiR 

:(JS) (Hf(i 

01 . ~ 
.01 

0"1 • L 

.05 
« 

.oJ.J 

. 05 

.03 

.(12 

.02 

116. 
~ 
oJ. 

f'".' • ," L 

.02 

.02 
( ,< 

.... J 

~c 
.. ,L; 

I" • V.J 

.03 
;f-, 

."'~ 

• :)2 

81. 
4. 

• ('I 
(1') 

.03 

.I)~ 

' ''", .. .:. 

• !)~ 
f ll .,J,_' 

e' . i .. i.. 

.02 

5~. 

3. 

, ,.., 

• ~)2 
T 
.' 

i .. ~ . :~ . ..; 
.L 

..... .-
IY! 

.IJ . ' 

.. .. -; 
I i.':" 

,(2 
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I 

UliCl£Si 
(OC-Fn 

2.699 
68. 

3.470 
87. 

• 47 SQ MI 

3.'{7:) 

87 • 
3.4"i ') 

37. 

n, ttl HI ttl tit tH tit Ilf tH Ilf HI H' HI tn Itt IH HI tH HI tH In In ttl HI ~H .14 4H ~H Hf 4 .. Uf .. , H' 

+ 

t 

+ 

36 KI: 

fH 

UttltHHtfH , 
ENDS t 

HHtHtHfttf 

COMBlIf Mill WASH ~lD VOLTURE HILL WASH 

Hlllf:ffiRAf'H CO~:BII(ATJ[Ji 
1 CaMP 2 NUt'£ER OF H¥DllDGRrfHS TO COI'.BIN£ 

ttl 

HI tH IH tH 

HYDRCSR.AFH AT STATlDt~ ENDS 

f'£p.K FLO. TIKE I'VIXltu1 A'/tF',/;{iE FLcr. 
6-1f\ 24-ffi 72-HR 74, 7~.-HR 

ICFS) (HR) 

(CFS) 
1251. 14.00 911. 331. 111. 107. 

(INDfS) 1.937 2.820 2.B23 2.223 
(~-FTl 452, 657. 652 . '. b<·Q -..ii,J • 

CUW TlVE AREA = 4.37 SQ IH 

Rlt.~:H SlJ!111ARY 
FLOW IN CUBIC FEET f'EH SEC!l,'D 

Tl HE IN HOL'RS, AFBi IN SWARE tilLES 

PEAK TIl'[ OF A','E.~AGE FUM FOf; IiAXlteJI PERIOD 
OPERATION ~; TATION FLOW F'EIlt. 

6-HflJ'R 24-1UL.~ 72-HLIiJR 

HYLfiG'SRAPH AT 
MILL 4"· 15.50 1''''; 144. 48. • .i. . '1' • 

H\,[~L~:it'H A1 
RED 1 475. 14.00 2S'5. 1~'O. 33. 

HYL'f;(iCflrf'H AT 
RED2 223. 13.75 F~ >N. 44. 15. 

2 SLtlBIi9 AT 
FiD 6~5. 13.75 m. 144. 4B. 

2 CCl'JiltlED AT 
MiifD 10~'1. 14.25 7BB. 288. 96. 

Hm:[]£f;AHi AT 
VDLT 294. 13.00 136. 44, 15. 

."1 ... "vr.,.lr", &"1' 

B~~S IN r14Xlr;1i Tl~ [IF 

AREA STAo't ~A;' ST~'s£ 

.~. t. 
l..ll 

1.2~ 

.. 
• .1.1 

1.79 

3.9') 

.47 
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I 

m t~]f;-":'1. END (f f£C-I ttl 

. ••• ... ..... l ..... 
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I 
I 
I 
I 
I 
I LHiE 

I ~ 
L 

3 

I *H FFitE m 

~ 
J 

I 7 
8 

I 
; \ i' -- 9 

10 
11 

I 
It: 

I 
l / J - 13 

it - 14 

I 15 
lb 
17 
18 

I 19 

20 

I 
21 
~i. 

-" l..1 

~ -. 
.!o't 

I 25 
ib 
27 

I 28 
2S' 

I 
3(' 

~-i 

';;.;. 

I " ';; .~I 

~A 

I 

Hlf 

FLQOD HYr.f:fJ5F:lfil POCKffE HEC-I 09M n 51i.1( VEF:5IUW -fEE 1 I 1985 
U.S. AAt1r CORPS If ENG ltlEER5 I THE Hyo~:DLOOIC Et13ltHRlt-ID CE.NTER, iIli Sle-oN!) STHT, DA'iIS , Cd. ~':::E 

HH 

THIS f[C-l VERSION CONTAINS ALL OPTlDNS EXCEPT Em01ICS, ~~D THE NLf.2.f.R OF F'LHHS i;.t;'O F~~'UCEC T03 

HEC-I INf'JT 

ID ....... 1. ...... 2 ....... 3 ....... 4. .....• :i ....... 6 ....... 7 ....... 8 ....... 9 ...... 10 

IV :tiB JOB UJ. E87-11 
ID 6 HOUR FtlP STOP.M 
1D FIF. 'vDLTlRE NII£ ~TERS\-£D 
*0 I AGRAM 

JT 15 0!Jl;'l..87 0000 301) 
10 
IN 15 01JUlB7 

tK KILL 
KM MILL WflSH 
SA 2.11 
PI 0.10 0.11 0.11 0,11 1).14 O. b o .. ~ 7 o ,, ~ .4. 0,24 0.3:1 
F'l 0.49 4.00 (1. '7'0 0.49 ('.32 0.24 0. 19 (J.! " O.!~ 0.!4 
F'I 0.11 0.13 0.14 0.06 
LS I) 75 I) 

Uf! 3.26 

~K REDI 
~lj WEST RED CL[)uD WASH 
SA 1.24 
LS 0 B~' 0 
UD 2.075 

~l R.ED2 
tJ1 EAST !ifD CLOUD irJAf*i 
Bi1 (\.55 

LS 0 80 0 
UD 1.90 

KKRED 
KM COtlE:lt.£ FLIm FDR RED! fiND RED2 
fC 2 

~]( 1'f.EJ) 

tJ'! COMB 111£ N I LL ~ASH I:l\D F;8) fl.rtJD WA-SH 
OC 2 

I 

tJ:: vru 
KM vi lURE WAS1i 
BA 0.47 
LS 0 85 0 
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I 

I ~:F\JT 

Llt;~ 

N~. 

15 

20 

28 

31 

36 Ij', ENDS 
37 KI1 COMBJlI MIll WASH AND VOL TIM MlLi.. WASH 
38 He 2 
3S' ZZ 

~TlC DIAGPM [f WIAM NETI.Uit 

(V) liiUTWG (-» DIVERSlON !fi PUMP FLOioi 

(.) CWt,£CTOR (-) IiHW~ [f DIVEF:TED ffi Pt'HD FUIW 

I'!lLL 

RED I 

RED2 

RED •••••••••••• 

~:£J: .......... .. 

vrLT 

36 ,WIl5.. .......... 

t tit) F:Ut,"JFF ~:L9J COtHJTED AT THIS LOUmGN 
I Utf 

5 10 

11 

FLOOD Hi&'f.'Off:ifii POCKAGE HEC-I tlBtl XI 512K vt.'\Sm~) -FEB I! 1',8'.) 
U. S. AHMY CORPS OF ENGINEERS, Tf[ HYDRDLD6IC ENGitHRING eElI'm! /:,0''/ SEC[M STREET, tAVIS! CA. 95616 

un 

EBB JDB t~. E87-11 
6 HOOR Fi'f' STllF:t! 
FOR VOL Ilf([ HINE WA iERSHED 

[jiJfFtJT CWIROL V~RIAf:t.ES 
I PRIll 3 PRWI [DlHROL 
IPLOT 0 PUiT IDnRU.. 
QSCAL O. HtDROGRAPH PLDT SCALE 

HYuROffiPPH lltlE DATA 

SCS tJDROGRAF'H HEniDfI 

NM!H 1~, Nl~JTES IN COMf'UTATl0t4 HHERVIll, 
100TE IJLl87 STARTING DATE 
mr£ oc'OO STARlING TItlE 

t..'Q 3(ii) NltlBER OF HYDIi'03RAFiI ffi:m~ ITS 
NDliATE 4JULB7 ElIDING DATE 
tlDTlI'L 0245 ENIllt.'G TIl'[ 

CCtftJTATlON INTERVAL .25 HO\.lR5 
TOTFL Tllf. BA~ 7US lfJiIiS 

ENGLISH ~ITS 

..... ... , 0' ... .. .. .. .. . ............. _ ................. _ ... _ .. .... _ .... _ ............. .. .... _ ""_ .. , ..................... " .... " .. ......... .. ............. " ...... .................. .. .. 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I + 

+ 

I 
I 
I 

7 rl" 

6 I:: 

9 BA 

B F'P 

8 Pi 

1- I ~ J __ 

14 UD 

Uf 

HHtHtttHtf 

I

MI~ f 

HHHJ:fHtHf 

MIU. ~ASH 

T It( DATA Fm 11f.'IJT Tltf:: SERIES 
mllf~ 15 TIME JNTE~~AL III MlhlJTES 

JlOATE IJ:.1.87 STAF:TING DAiE 
mIt1E 0 STARTIN!i Tl!'i 

SUBBIiSI N CHARACTER I STlCS 
TME~ 2.11 SUBBASIN AEEil 

F'RECIPITATlON OA1A 

STORt1 S·.2~ &ASJtI TDlit FFiClF'lTATlON 

HlCREr.EIITPL F'RECIF'llAll00 PATTERN 
• 10 .11 .11 .11 
.4i' ~.oo .90 .49 
.11 

SCS LOSS RATE 
STRTl 

ClN~:Bf: 

.13 . .14 .06 

.67 ltil1li-'t A3S1li:ACTION 
75. C~) a.~VE. toUhb'ER 

.14 

Rllrf,' • 00 F'ERWfl I MPH-\, 1 GUS AREA 

S:S DIr.Ett:SIDlItES5 Uta 1GRAfH 
TlAG :·.26 LAG 

ttf 

UNIT HYDROGPJlf'H 

.It 

.24 

67 END-OH'ERlDD ORDINATES 
7. 19. 36. 56. 82. 114. 15:. 

')v,. 
LwL. 2~·6. 300. 300. '[=17. 2B3. 268. 
IB6. 161. 139. 123. M. 96. 85. 
~04. 48. 4" i.. 38. 33. 30. 26. 
16. 14. 13. 11. 10. ~. B. .. 4. 4 • 3. w. 3. 3. 3. 
1. 1. I. 1. 1. O. O. 

HI- ttl ttt ttf 

HYDR06RAf'H AT STATION t'tlLL 

TDT~ RAlNFALL = ~·.24, TDT~.L tOSS = 3.07, TOTAL EXCESS: 6.17 

FEA!; FLOW TlNE t'oIil.l!"JM AI,UiAEE fLU1 
6-ffi 24+~ 72-lf! 7~.75-If( 

ICFS) (H'\i 
(CFS) 

W8. b.50 1178. 350. li7. 112. 
(Jt.'Cf£S) 5.191 6.173 6.173 6.173 
(OC-FTi 584. 695. 615. 695. 

CL'HllATIV't AF:EA : 2.11 SQ HI 

.17 

.19 

193. 
#\.:' .-, 
J..JJ •• 

77. 
23. 

7. 
2. 

.22 

.19 

~"Ttl 
L ..... J. 

234. 
69. 
21. 

6. 
2. 

' .. 
.L~ 

.16 

260, 
212, 
61. 
lB. . 
~. 

2. 

.14 

\ 
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I 

ttt Iff Hf Ht ttt Ht ftt tn 1ft If:f. Ht fH HI IH Ht Ht tU Iff ttt tH ** HI tH fH +J' Hf HI HI Ht tl, tH tH ttt 

i51;'1:: 

IlEA 

BF'B 

8 PI 

HHHtftttHt 

RED! « 
t 

HtlttttftHH 

~JE5T RED CLOUD WASH 

SUBBASIK I\tJNGfF DATA 

SL'BBASIN CHAAACTERIST ICS 
TUliA 1. 24 S'.JllMSII1~:EA 

FHCIF'ITATl31 DATA 

STOIia"1 9.24 BfiSIN TOl~ f'ft.f.CIP!TAl!~1 

HICREMEI4ip,L PREClf'lTAT ION f'Al1ERN 
.10 .11 .11 .11 . 14 
.49 4.1)) .90 .49 37 

.11 .13 .14 .Ob 

18 L3 SCS l..fJ'3S RATE 

19 UD 

.50 INlTlhL ABSTRACTI!JN 
Sj.IXI ClP,iI NUroBEf; 

SlRTL 
CRVUBR 
RTltf .00 F'ERCEtff IMFERVIOUS MEA 

SCS DIHammLESS UNITGf<':HI 
TLAG 2. OB LAG 

Ii< 

.16 
.24 

ulm Hl'DF:OOF~'H 

44 END-Cf-PERIOD DRDIi4ilES 
11. 34- 65. II)S. 163. 215. 2:2. 

244. 220. 191. 155. m. 103. 9b. 
41. ,t ~, 24. 2t), 16. 14. -,~, L .. 

7. 5. 4. 4. 3. 3. ~. 

1. 1. (I. O. 

Ht Ht tft itt H* 

REIJI 

TOTAL F;Al~lFALL : 9.24, TOTAL LOSS: 2.44, TOTAL nms : 6.80 

FB\K FLO~ TlI".E ~XlrLiI1 AVEPA6£ FLc:.I. 
6-~ 24-k."'l 72-ffi 74.Y.rP.R 

(CfSi !ffij 
(CFS) 

1536. 5.25 855. li/. 76. 73. 
!lNCIlS) c.M 6.796 0.796 6.796 
(AC-fT) 424. 449. 449. 44'1. 

Cl'MtlATIVE P.FfA : 1.24 SQ MI 

.17 ' , . 24 

.19 .11' .16 . ! 4 

270. £:.'2. :;:b4, 
r ~. :0. ~O. 

Ii. 9. 8. 
~ ~ 1. L, l . 

IH HI IH HI IH Itf HI HI ftt. Iff tH fit ttl *H tH ftt Itt HI iff HI iff itt til tff iH itt IH HI- U' In fft flf ttt 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

t 

+ 

20 KK F:ED2 t 

n BA 

B f'B 

HI 

:23 LS 

4tiIltHtttHH 

EAS T litD CLOUD WASH 

SUBBf>.sI~ RIMIFF DH TA 

SUBBASJ~ tfWitiCTERIST lCS 
T~:EH .5'5 SUBBilSIH~.EA 

m:IF'lTATICN DATA 

ST~:ti 9.24 BASW TOTAL Ff.£CIf'lTAlION 

I NCREHENT AI.. FREt I F'JT A TI ON PA mRN 
.10 .11 .11 .11 
• 49 
.11 

SCS LOSS RATE 
STRTL 
CRVl~F: 

4. (K) 

.13 

.90 

.14 

.50 INillAL AE:Si~.ACTlor~ 

6'Q. (1') ClRVE tfJ;ID: 

.14 

.32 

RTII'If' .00 PERCENT It1PERVJ(i\JS AF:EA 

.16 

.24 

24 ~TI 5[5 DlMElISIONLESS LDUTGAAH~ 
TLAG 1. 90 LAG 

HI 

UN IT If{DF:OGRAf'i~ 

41) OO-DHiRIDD DRDIi~~TES 
t. I~· . 36. bO. ~'O. 114. !27. 

107. ,.'. ,L. n. 58. 47. 38. 3c, 
14. 12. 10. B. 6. 5. 4. 
2. ". 1. 1. 1. 1. 1. 

IH JH Hi tH Iff 

HYDRDBRAF'H AT STATION 

TOlK. RAHfPll = 9.24, TOTAL LOSS:: 2.44, TOTAL EXCESS = 6.80 

f EAI:: FL[ti TIilE 

(erSi IIf{) 
(CfS) 

731. 5.00 
(IOCf£5) 

(AC-FTI 

I'.AXIMUM AVERASE FLOW 
o-HF: 24-HR 72-tF: 74. 75-ffi 

384. 
6.~8a 

190. 

101. 
6.796 
l'N. 

.55 5f1 MI 

34. ~" 
..;~. 

6.796 6.796 
1,1. 199. 

.17 

.19 

13i. 
26. 

I ,. 
O. 

t •• . n 

129. 
::1. 
3. 
O. 

.24 

.!~ 

119. 
17. 
~ 
L. 

c. 

flit ttt. H4 HI ttt Itt ttt fn iff fff Iff fn HI 1M fft HI IH ftl H* HI *If. HI In Hf fH ftt IH HI ~H H. fit Uf flf 

HHUHfHlltl 

f 

::'5 n. ffD * 
* f 
HHtttHHHf 

COHBIIlE flOW FOR PI:!1 ~[1 RED::: 

C-27 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

f-B 

HI tM ftt Mf tB 

HY[)!\'OG.':AF'H AT STATION FED 

FEAI : FLOW 111'[ MAX I t'U1 AVERAGE FL(AiI 
6-fl.R 24-ffi 72-ffi 74. 75-!f: 

(C.FS) (ff() 

(CfS) 
+ 2251. 5.00 1238. 327. 109. 1('5. 

(itCHES) 6.432 6.7% 0.796 0.796 
(AC-Fl) b14. 649. 64'1. 64~'. 

CLm.Am£ AlH = 1.79 SJ Ml 

Itt HI Ilf HI IH Iff Iff Iff 1ft Iff Itl In Uf Iff nl Hf fil IH .. f Hi HI HI Uf fH 'H HI In UI IH 'H HI .. I *'~ 

HHHtHHHf 

28 r.l 

HtfftHtfttH 

aJMB It[ MILL ~jA5H A.t.:D RED CLD!JD WASH 

30 He HYlJROERAfH m1BIMTION 
ICCMF' 2 tvi'tBER Of HYDRD51WHS TO CDr.Blt[ 

IH 

H! Uf. Hf HI ttt 

PEAK FLli'~ TlI'E I".AXlr~ iWffifii3E mil 
6-HF: 24-~ 72-H( 74.75-fiR 

+ (efS) IfRi 
(CFSi 

+ "1~r,~ 5.50 2374. 677. 226. 217. .J.JO.J. 

!It£f£S) 5 .. ~59 6.459 6.~59 o.~5~' 

IAC-FT) 1177. E43. 1343. 1~r43. 

C'Jt1tlATI'v't Af.lA = 3. 1(,j !ill HI 

Iff nf Itt Hf UI HI HI n. Iff .. I Itt UI IH HI ttl 1ft ttt tH IH HI IH Ht Iff fH HI HI lit IB HI Uf IH In UI 

31 n. 

tU*fHUHff 

* 
f VOLT t 

U'HHUftHf 

VCUURE ilA5H 

SUcBIiSW RltlCfF DAT A 
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I 
I 
I 
I 
I 
I 

BPI 

34LS 

35 un 

Iff 

PH£[; I f'JT II TIDN DA 1 A 

SfQFj1 9.24 B?:SIN TOTAL F1[CIF'ilATl!Jl 

INCREtENTIlL F'fi'ECIPITATlW f'i\TTERN 
.1(' .11 .11 
.49 
.11 

SCS LOSS MTE 

4.0(1 
.13 

.11 

.49 

.06 

STRTL .35 HHTIAL ABSTRIiCTlG."I 
CIi'VNllR 85. 00 CLR~£ tUlEfR 
RTlI'f .00 PERCENT IMllF:VlOOS A.1ilA 

SCS DIMENSICtliSS LtHT5RAF'H 
TLAG 1. 21 Li'tS 

It. 

ttl IT H'l'[ffi"&<Af'H 

.16 
.:::4 

26 END-DF-f'ERIOD ffiDlNATES 
15. 
44. 
2. 

Iff 

48. 
33. 

2. 

II)J. 
24. 

1. 

Iff 

149. 
lB. 
1. 

169. 166. 145. 
13. 9. 7. 
I. O. 

HI 

T01p~ r:AWFALl ;: ~'.24. TD1PL LOSS;: 1.83, lOT{;l. EXCESS;: 7.41 

(CFS: iff:) 

r.AHMLJ!1 AIJERAEf FLW 
b-fR 24-1f( 72-KR 74. 75-KR 

(CFS) 

UND'ES) 
(ANn 

36~' . 

7.301 
183. 

CLt1llATlVE AfifA = 

94. 
7.415 
180. 

.47 SQ HI 

31. )0. 
7.415 7.41 ::1 
196. 18t. 

.17 

.19 

lib. 
5. 

.1 S' 

81. 
1. 

. ~4 .'", 

.16 .14 

59. 
3. 

Iff 1ft tff ttl Ht ttl Iff Iff Itt ttl HI Iff ttt I .. ftl tit Ht H. 1ft IH fH ftt IH ftt HI ttt tn *If. fH fH Ht ttt Itt 

fttffiH ffttt f 

f I 

3b ~J: t 81DS t 

• I 

!+\fltftfHttt 

38 HC 

fH If. 

COI1BINE MILL ~ASH Il.l(!) vet TUf:E MILL WASH 

2 Nt.r.BER OF tWDROGRAPHS TO COMBINE 

tff 

In IH 
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I 
I 

b-fli\ 
[OS (If: 1 

(CFS) 
+ 41)4~. < 'oC 2712. ,J.~.J 

lINClH) 5.169 
(~-FTl 1345. 

Clt111A m'E if.:f.A = 

F'EAK 
cm,Anrn STATl~4 FLOW 

+ 

HYDROGRi:f'H AT 
MILL WE. 

Hl'L'f:08RWH AT 
+ RED! 1536. 

HY\jf.,'OGF:f1>H AT 
+ RED2 731. 

2 Clit':BltiD Al 
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January 5, 1990 

Ms. Carol O-Brien 
A.F. Budge (Mining) Limited 
4301 North 75th Street 
Scottsdale, AZ 85251-3504 

RE: TECHNICAL INFORMATION - VULTURE PROPERTY 

Dear Carol: 

I have prepared for your appraisal and attention, a list of the 
documentation that has not yet being delivered to us with respect 
to the Vulture agreement. This was compiled after a discussion 
with Don White concerning what information exists at the current 
time. Don is of the opinion that Budge does have most of the 
data that he has in his files. 

1. All of the underground geological maps, sections, assay 
plans, assay sections, longitudinals and other and 
sundry drawings relating to the underground workings. 
We understand from White that there are a great number 
of these available. Sufficient for him to construct a 
mine model. During 1971 Noranda Mines carried out a 
great deal of geophysical and airborne work contracted 
by GEODATA Inc. The IP survey that was carried out 
during the later part of this year on which the recent 
drilling program was based. We understand that this is 
on file. 

All of the drill logs with descriptions, assay and 
other related data pertaining to the above program of 
drilling carried out the later part of 1989. 

Hans Matthews has been in communication with Chuck 
Elliot (Tucson) and has very good cooperation. We have 
received a great amount of data from him pertaining to 
the earlier geophysical surveys and other material. 

I have been asked by the syndicate members as to the contract 
being drafted by Lacey. Please comment. 



------- ------~------~-=---------------

January 5, 1990 
A.F. BUDGE (MINING) LIMITED 
Ms. Carol O'Brien 
Page 2 of 2 

We'd appreciate your cooperation on obtaining the above material. 
It is most important as we are currently putting together the 
overall picture of the area including all the airborne, ground, 
underground and other related data. 

Sincerely, 

ARIZONA EXPLORATIONS, INC. 
Stanley W. Holmes, 
President 

SWH/bjg 



January 29, 1990 

tBu'DOE' 
\ J 

A.F. Budge (Mining) Limited 

4301 Nor\h 75th Street 
Suite 101 

Scottsdale, AZ 85251 <~504 

(802) 945-4630 
FAX l6(2) 949-1737 

Arizona Explorations Inc. 
8433 N. Black Canyon Highway 

suite 158 
Phoenix, AZ 85021 

via FAX: 864-6116 

Dear stan: 

I am in dire need of some information in the files 
on the Vulture which yOU received from our office. 

In March of 1997, we drilled several holes in the 
vicinity of our leach pads. These were condemnation holes, 
and nuwJered C-l, C-2, etc. 

Would you please fax the logs of these holes, 
which were prepared by Peter H. Hahn. I promised the 
Department of Environmental Quality I would send them the 
information as soon as possible. 

Your assistance in this request would be greatly 

appreciated. 
Sincerely, 

~~4. 
Carole A. O'Brien 

DIRECTORS: A.F. Burige. O.B.€.. e.Ellg .. f.1 .C.E .. n .H .'t .: Mrs J. 81.J(:1r;:~; 7(1) 2 CI(.am· at~r ~·arkw"y. Paradise VRlley, AZ ~S2r.3 
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ENGIN •• RING GEOLOGY OF LEACH PAO & PONO AREAS 

UNCONSOLIDATED MATERIALS 

General Symbol Ab (e)(t) 

A - Genetic Symbol 
b - Lithologic Symbol 

(c) - Qualifier Symbol 
(t) - Approximate Thickness 
Ab - Sequential Units 

Ab(e) 

BEDROCK MATERIALS 

SC - Precambrian schist. Hay include 
other metamorphic and igneous rock 
types. Generally moderately to 
strongly weathered to depths of at 
least 10 to 15 feet. 

Symbols 

~ -Contact 

I "5" - Backhoe test pit 
location and no. 

EXPLANATION 

Genetic Symbols 

T - Tailings 
A - AlluVium 
F - Fill 

Lithologic Symbols 

m - silt 
s - sand 
~ - qravel 

Qualifier Symbols 

u - uncompacted 
f - fan deposit 
c - caliche-cemented 

PLAN A 

SURFICIAL UNITS 

Tms(u) - tailings: silt/sand (uncompacted) 
Frt(u) - Fill: rock rubble, and other 

dele terious material (uncompacted) 
Asg(f,c) - Alluvium: sand / gravel (fan 

morphology, caliche-cemented) 

Note: Base map prepared by Aeri31 Mapping, Inc. 
for Zortman Mining Co , 

NO, DESCRIPTION DATE 

REVISIONS 

_1-

~I SERGENT, HAUSKINS a BECKWITH 
- _ ~ 1- CONSULTING GEOTECHNICAL ENGINEERS , 

PLATE 1 SITE PLAN ANO ENGINEERING 

GEOLOLGIC MAP OF PROPOSEO 

LEACH PAO AREA 

JOB NO. DATE DESIGNED BY DRAWN BY CHECKED BY SHEET NO 

E87-11 2-87 PVS CAW JRF I 
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100282 

1 FT. THICK LAYER 
SA NO &: GRAVEL OVER LINER 

10 ' CORRIDOR 

FOR SEISMIC SET-BACK 

PREGNANT SOLUTION 1 

TORM WATER CHANNEL 

ERIMETER BERM 

ORE PILE 

1l::::: 
ROCKFALL 1 SOLUTION 
CONTAINMENT BERM 

1.5' LINER ANCHOR TRENCH ITYP . I 

1.73 

2 .5 

3-INCH DIA. 
PERFORATED 

HOPE PIPE 

~~~~~~~ ____ ~1~ 
~ PMP STORM 

V 

2.5 
1 r=:;:::;; 

2.5 

'\' ::::::::11 
6" MIN. (TYPI 

1~",",,~~ I..COMPACTED TAILINGS 
2.5 1/2 PMP STORM EMBANKMENT FILL '\... 

30 MIL PVC LINER 
5' \.. PREPARED 

TAILINGS 
SUBGRADE \. 

36 MIL HYPALON 
GEOMEMBRANE 

LIMITS OF PVC LINER LIMITS OF 36 MIL 
HYPA LON LINER 

NOTE: PVC Liner Connected to Hypalqn By Factory Dielectric Weld. 

20 ' ACCESS 
CORRIDOR ---..., 

SECTION 

PREGNANT SOLUTION 
CHA NNEL DEPTH 

© 

1.5' DEEP X 50' 
WIDE SPILLWAY 

'0 5 10FEET 
1~ ________ ~ ______ ~1 

SCALE: 1" · 5 ' 

BARREN SOLUTION POND PREGNANT SOLUTION 1 STORM WATER STORM WATER SURGE POND 

BARREN 
SOLUTION 

DEPTH 36 MIL HYPALON 

PREGNANT 
SOLUTION 

DEPTH 
G E 0 M E M BRA N E -----,,..-r-----+_"" 

::::=J 1 
3 

1~ 
3 

LEAK DETECTION SUMPS 
SEE DETAIL B. THIS SHEET 

\L------POND LINER SYSTEM / 

SEE SECTION ®~ 
THIS SHEET 

, 

36 MIL HYPA LON 
GEOMEMBRANE 

2' ~~_~\1COMPACTED ~ 
2.5 TAILINGS 

,- EMBANKMENT 
FILL 

~~v 
ROCKFALL 1 SOLUTION 
CONTAINMENT BERM 

NOTE : TYPICAL AT S.E. CORNER OF EACH SEGMENT 

N.T.S. 

LEACH PAD SEGMENT © OUTLET DETAIL 

POND 

,,1/2 PMP STORM 

~ 1 
3 

"- NATIVE ALLUVIUM 
SUBGRAOE '--

SECTION 

36 MIL HYPALON SPILLWAY 
EROSION PROTECTION • 

1/2 PMP ANCHORED AT BOTTOM 
STORM 

20 MIL PVC LINER 

2 ' COMPACTED TAILINGS COVER 

0.5' COMPACTED TAILINGS SUBGRADE 

o 30 60 FEET 
L' _____ ~I ________ _l1 

SCALE: 1" · 30 ' 

• 
" 

36 MIL HYPALON GEOMEMBRANE 

16-0Z. GEOTEXTILE 

30 MIL PVC LINER 

20 MIL PVC LINER CONTINUOUS 
THROUGHOUT POND 

LEAK OETECTION 

4-INCH DIA . PVC PIPE 
SLOTTED & WRAPPED 
W/GEOTEXTILE IN SUMP 

. NOTE: Pipe Extends To Crest 
\ Of Pond 

~0.5' THICK LAYER 
COMPACTED TAILINGS 

N.T.S. 

SUMP DETAIL ® 

LEAK DETECTION 
SUMP. S'X l O' 
SEE DETAIL B. 
THIS SHEET 

SOLUTION 1 STORM 
WATER CHANNEL 
INLET - TRANSITION 
TO PREGNANT POND 

3H:l V 
SLOPE 

TYP 

0.5% FLOOR SLOPE 
GRADE TO SUMP 

36 MIL HYPALON 

50' 

SPILLWAY 
TO SURGE 

POND. 

1.5' DEEP · 

~:::>'rl--7S H 0 TCR E T E 
SPILLWAY 1 SPLASH PAD 

"\:4Ll~ '- GRADE BREAK 

p.~Ul+I~=t- GRADE BREAK 

·21(2:1ITYP.1 

PREGNANT SOLUTION 1 _--- -IT 
STORM WATER CHANNEL 

o 30 60 FEET 
Ll ________ ~I ________ ~1 

SCALE: l' ·30' 
CREST: 105' X 105' 
DEPTH: 15' 

PLAN VIEW OF PREGNANT POND 

CREST: 1 05' X 105' 
DEPTH: 12 ' 

3H: 1 V 
SLOPE 

TYP. 

0.5% FLOOR SLOPE 
GRADE TO SUMP 

Jd~~=======f==='''- LEA K 0 E TE CTION 
SUMP 

o 
I 

SEE DETAIL B. 
THIS SHEET 

30 60 FT. 
, I 

SCALE: 1" · 30' 

PLAN VIEW OF BARREN POND 

ORE PILE 

1 FT . THICK LAYER OF 
SAND & GRAVEL OVER LINER 
50 FT WIDE 

·5' SEISMIC SETBACK 
FOR EACH 15' LIFT 

1~ 1S·TYP. 

1.73 

! 3.5% PAD GRADE'I 1 % PAD GRADE 75 "FT . FROM TOE OF PAD I I 

o 10 20 FT. 
r r r 

SCALE: 1" · 20' 

TYPICAL CROSS SECTION THRDUGH LEACH PILE 

--SPILLWAY TO 
PREGNANT 
POND. 1.5' 
DEEP 

50' 

/ 

~6 "'IL HYPALON 

36 MIL 
HYPALON 
SPiLLWAY 

./ EROSION / 
PROTECTION 

) 

3H:1 V 
SLOPE 

TYP. 

CREST:l1S'X 115' 
DEPTH: 15' 

o 
I 

310 60 FT. 

SCALE: 1" '. 30' 

PLAN VIEW OF STORM WATER 

'SURGE) PONQ 

36 MIL HYPALON 
GEOMEMBRANE 3 

H·IMIN.I 

Y l,S '(MINI 
ANCHOR 
TflENCH 

20 MIL PVC UNDER LINER 

16 OZ. GEOTEXTILE 

0.5' THICK COMPACTED 
TAILINGS LAYER 

N.T.S . 

SECTION ® 

I 

I 20 MIL PVC LINER 

2' THICK COMPACTED TAILINGS COVER 

SECTION ® 

rLl IMJN
.
1 

f l,S'IMIN.) 
ANCHOR 
TRENCH 

N.T.S. 

I 

NO. DESCRIPTION DATE 

REVISIONS 

_I- . 
~ SERGENT, HAUSKINS a BECKWITH 

- _ ~ - CONSULTING GEOTECHNICAL ENGINEERS 
t 

LEACH PAD DETAILS & TYPICAL BECTIONS 
HEAP LEACH FACILITY DESIGN 

VUL TURE MINE PRO ... ECT 
NEAR WICKENBURG, ARIZONA 

" 

JOB NO. DATE DESIGNED BY DRAWN BY CHECKED BY ,LA'T'E NO 

EB7-11 4-87 N ... L CAW " • ... RIR Ii! 
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