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WORKSHEET 1

SUMMARY SCORE SHEET

Site Name: Holden Mine Tailings ID No:

Site Location: (City, County, or Section/Township/Range)

Holden Village, Chelan, Section 7, T21N, R17E

Site Description: (Attach a sketch/map)

Eight million tons (80 acres) of mine tailings from copper/zinc/gold/silver mining
corporation. Adjacent to Railroad Creek which feeds into Lake Chelan 12 miles to the
east. Located at Holden Village. Within the Wenatchee National Forest, elevation 3,200
feet.

Special Considerations:

Railroad Creek is eroding the base of the piles. Especially during high flow. Physical
siltation and dissolved copper and zinc (& arsenic) have knocked out aquatic insects
for several miles downstream and reduced fish population directly or indirectly. Large
flooding/erosion would make this much worse. Railroad Creek feeds Lake Chelan.
There is runoff and probably constant seepage through the tailings that enters the
creek, and a small stream with high dissolved Cu & Au. An air route. environmental
score can be generated and other route scores can be elevated if analyses are
performed to document the presence of other metals at the site, including lead,
cadmium, and others.

ROUTE SCORES:

Ground Water/Human: 31.4 Surface Water/Environmental: 44.4
Surface Water/Human: 32.0 Air/Environmental:
Air/Human: 30.2

WK-1




WORKSHEET 2

SITE WORKSHEET

Site Name: Heot e MINE "TAILINGS

1. What waste management areas/spills are present at the site?
A % MitlioM ToNS OF MIHE TAILINGS | CoVERING RO AcrRES

I3 * Z4F5 STREAM FROM MINE PoRTAL FLOWING To RAILRAD CREERK
la. How big are they? (Use measure most applicable to type of waste and container, ie., drums =
gallons, landfill volume = cubic yds, tanks = gallons, impoundments = galions)
A TAILINGS I ESIMATED TeTAL CorPER = 6.5 ToHS ¥
ESTIMATED TotTAal ZINC = 175 ToMS
GUESSTIMATED ToTAL ARSEMHIC = [00 ToRS

B MIHE FPORTAL | Higu LEVELS oF CoPPER ., ZINC f PROMA BLE ARSEMNIC

2. For each waste management area listed above, what hazardous substances are present/
important for that area? Why?
A TAILINGS ¢ ZINC copPER § PROBADLE ARSEMIC ARE HarrFve TO
STIEEAM [FAUMA . So |S CREEBK SILTATION -- [NTERFREREES LT
Glel FoMeTioNs |, Hicik RATES of RONOFF{EeoS| oM PuiziHG STORMS,
3. PORTAL STREAM, WITH SAME DISSoLVED MINERALS -~ CONSIDRRED
LESS |MPORTANT. BECALSE Low Flow RATE 15 CILVTES BY RIZ CRESK

3. Which areas/substances are to be used to score the ground water route?
corPPER- ?.lr-fc-(i Alzscfﬁia) oM TAILIMGS

3Ja. Have releases to ground water occurred? EXTREMELY PRZOBAIBLE | ALTHovGH
ARSEMIC HAS HOT BEEH TESTED

3b. How are these documented?
HoT |NVESTIGCATED

4. Which areas/substances are to be used to score the air route?
DOST | CoMTAINING PROIEABLIE ARSEHNIC

4a. Have releases to air occurred? Y= S | ALTHOCGH ARSEMIC HA S NoT GiEEN
TESTED Fole-

!
4b. How are these documented? HOCPEM MIMNE TALING REHABILITATION
US FopesT SERrRVicE, ocT 1435 P 2-18

[}

S. Which areas/substances are to be used to score the surface water route?
corprr 2INC({ AZSEMCO)Fzom TAlLIMES

5a. Have releases to surface water occurred? \/[;—.5 . ALTHovGH ARSEN|. DATA
1S INcompLETE

o
5b. How are these documented? HOLREM MIMNE TAILIMNG REUADILITATION
US ForestT seeWeE, 0T 1475 PAces 2-12 To z-1%

"

WK~2
% oEgIvEe ’
\r,IVL'-D FrrorM ’:’SSA‘/ RESOLTS 1d | HoLDEM MINIE TAILNGS EHVIROMMEMTAL
AMALYSIS REPRT ., CHELAN RANGER DISTRICT 477 ¢
X :

COoPPER = -Oblk OZ/ToH (MEoiam VALUE)
ZINC = 0.7 O2/ToH (MRAH VALUE)



‘ WORKSHEET 3

ENVIRONMENTAL AND TARGET DATA

Site Name: HotpEer MINE TAILINGS
Section/Township/Range: SECT TZIN RIE
USGS Quadrangle Name: LIRERTY MED Tor MTH.

Name of Soil Conservation Service Soil Survey: CHELAN CO. BQO"Z

Nearest Drinking Water Well (Describe by name section/township/range), include distance:

NoMe WwitTiN = 12 Mitezs

Total Population Served by Drinking Water Wells: o

Nearest Surface Water (Drinking) Intake (Describe by name, section/township/range)  include

distance:
HoHE LOITHIN = {2 MILEES |  DOWNSTREAM

Total Population Served by Surface Water Intakes: __ O

Acreage Irrigated by Wells: <

Acreage Irrigated by Surface Water Intakes: )

Sensitive Environments (List by name, distance/direction from sitel:

1. RAILRCAD cRERI - DIZECTLY ABVTS SITIE, . Frows To LK. CHELAH

2. LOCATED LOITRIF WENATCHERE NATIONAL ForREST

3.
AIR ROUTE TOXICITY MATRIX
Air Chronic Acute Carcino-
Cempound Standard Value Toxicity Value Toxicity Value genicity Value Highest Value

T T T ¥
1. AKSENI(’ K I 1 X { X 5 t '7 7
2. i I I i
3. l l 1 :

l | l
:. ! l 1 I
: | | | :
6.

' : } L

+Bonus Value (2 pts) = 7
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WORKSHEET 3 {Continued)

SURFACE WATER ROUTE TOXICITY MATRIX

Drinking
H,0 Chronic Acute Carcino-

Compound Standard Value Toxicity Value Toxicity Value genicity Value Highest Value

H [Buad | v T Z
1. copPER Jlma/l VT ozwmat 1 b 102 2
2. ZIMC S/l 2 WA, g |atoms ! & 5 |
3. ARSENIC [tows | & (143 ! | A 4
5. ' ! 1 |
6. ' . ! |

[ | ! P

+Bonus Value {2 pts) = q

ARSENIC o
Environmental Toxicity Acute Standard; “Z2+vro _ Value = L& L{'

300

GROUND WATER ROUTE TOXICITY MATRIX

Drinking
H,0 Chronic Acute Carcino-
Compound Standard Value Toxicity Value Toxicity Value genicity Value Highest Value
I FE LI i 3
T
1. CoFPER -y by I\ : <
2. 2INC ' I g a q
3. ARSENIC | C .S 1 :
4. i ' | ,
5. 1 l { |
6. ! ! ! t
1 | | i
+Bonus Value (2 pts) = A4

Attach the following to this worksheet:
1. Copy of USGS Quadrangle map with site marked
L 2. Copy of map showing sensitive environments

3. Copy of site-specific soil descriptions, or SCS Soil Survey pages showing site location,
and text describing soil types

8. Copy of Washington State Water Rights Information System printouts showing acreage
irrigated by wells and surface water intakes.

L 5. Copy of Washington Public Supply System Listing showing drinking water sources within
2 miles.
WK -4



WORKSHEET &

SUBSTANCE CHARACTERISTIC WORKSHEET
FOR MULTIPLE UNIT/SUBSTANCE SITES

Combination 1 Combination 2 Combination 3

Unit:
Substance:

|AIR ROUTE

Human Toxicity/Mobility
Value:

Environmental Toxicity/
Mobility Value :

Containment Value:

Air Human Subscore :
{Toxicity/Mobility + 5) ®* (Containment + 1)

Air Environmental Score:
(Toxicity/Mobility + 5) * (Containment + 1}

———————————————————————————— - =5 —— - T e T

SURFACE WATER ROUTE

Human Toxicity Value:

Environmental Toxicity Value:
Containment Value:

Surface Water Human Subscore:
{Toxicity + 3) ® (Containment + 1)

Surface Water Environmental Subscore:
(Toxicity + 3) ®* {Containment + 1)

==:=::====::===‘—’====:======:===:::::::'—'1::::::::::::::==:F====’-=‘_‘=::'—'::::1;:.’::::::::::.‘::::::i
GROUND WATER ROUTE

Human Toxicity Value:

Containment Value:

Ground Water Subscore:
(Toxicity + 5) ® (Containment + 1)

WK-5
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WORKSHEET 5

SURFACE WATER ROUTE

1. SUBSTANCE CHARACTERISTICS
Human Toxicity 1234567891011 12
Environmental Toxicity 12345678910 2]
| Quantity 123456780910 W/
|
2. MIGRATION POTENTIAL
Containment 024567810 3
Surface Soil Permeability 1357 1
Total Annual Precipitation 12345 e
2-Year, 24-Hour Rainfall 12345 =
Flood Plain 01 2 T
Terrain Slope 1235 5
3. TARGETS
Distance to Surface Water 024710 |©
Population Square Root (7Y~ Popu.-write in nearest whole no.) o
Area Irrigated (0.75 "\ Area-write in nearest whole no.) [o)
Distance to Fishery Resource 0 369 12 [Z
Distance to Sensitive Environment 0 369 12 |
4. RELEASE 05 f

1. Substance/containment combination used to score this task: [AIL/NGS [PILES  LoITH
PRoBADBLE ARSEMIC,

2. Waste management areas used to score quantity: ONLY MINOR COMNTAINHMENT AT TopP
- 6 __ . :
b X0 ToNS OF MINE TAILINGS w\TH GOESSTIMATED ([cOoToNS OF As
= ? Lo R LHyay 7 ‘ - : L
' M ArTuA C S \‘i ’D S V4 le ﬁ/ e oss ’é/tw»e« e
NOTES: Fpege o
% = AKSENIC FooND IN RAILRoAD CREER RUT PATA
> [Ncor T
WK -6



WORKSHEET 6

AIR ROUTE
1 SUBSTANCE CHARACTERISTICS
Human Health Toxicity/ Mobility Scalar 123456789101 ‘
12 14 15 16 17 18 20 22 24 [ 7 Y
Environmental Toxicity 123456782910 X s oo
Quantity 12345678910 10 | % v
Wik
2. MIGRATION POTENTIAL
Containment 03456810
3. TARGETS
Nearest Population 02463810 o
Nearest Sensitive Environment 013567 o
Population Sq. Rt. (y Pop. in % mile-write in nearest whole no.) (o4

4. RELEASE 0s [K] 4

[RARE TAILINGS ©F FINE
PARTICCLATE (WITH PRoRARLE

2. Waste management areas used to score quantity: ARSEHNIC

TAILINES PILE S

1. Substance/containment combination used to score this task:

NOTES:
KA MANMUM USED Rec4ose oF LARGE ArEA (KO ACRZES
AVAILARLE To WING T RANSPoRT

F = WINY -
BLowwoMN DL sT IS COM“qu IN Sorer
2o, > M
AZEA, RoT pag yor RER
SIEEH  ANALYZED Pore ARs
@w».»«#.,@ relecie - (2

mw 7( (,J/Jé;[ﬂl/v\ p(./ﬁ(%(cf( p"l)é/fy’»ﬂf /%7"1 I:LA.(,‘/Z

s

LNV (B Commid be sened chne P lech /Q Ove- 10X, olefr
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WORKSHEET 7

GROUND WATER ROUTE

1. SUBSTANCE CHARACTERISTICS
Toxicity 123456789 1011 12 q
Mobility 0123 >,
Quantity 1234567859 (9 Zio] 9y
2. MIGRATION POTENTIAL
Containment 012345678910 Z 1) Ykx
Net Precipitation 012 34 S -
Subsurface Hydr. Cond. 1234 o
Depth to Aquifer 1234638 %
3. TARGETS
Aquifer Usage 12345910
Nearest Well 012345

Population Square Root (7] Pop.-write in nearest whole no.)
Area Irrigated (0.75 | Area-write in nearest who no.)

Ol |N

4, "ELEASE 05 (o ] {7

PRoOBZABLE
1. Substance/containment combination used to score this task: ARsEMNIC  Ne CHER, CoURT

" OR LEACKRATE ColLECTIoN
2. Waste management areas used to score quantity:

- -

TAILINGS P(les w)TH 6o
. E S J | ESSTIMATE N ; . Py

é)’//h'v’\‘-u\\ i~ oy ke h,v(/"‘d‘“( STTIMATED [o© TONS OF ARSENIC

NOTES:

% = NEAR-CERTAIN CRLEASE OF LEACHATIE TO (RoVNSWATE @

!
RoT HOoT YET INVESTIGATED NotZ ANA LYZER [FolT AlRsENic

Lofoarment = Louyte e o (’J/* o z?b(j\[«ff .’</(/? (49(/”\”' no P no CNP

7\'(} wWds presen s
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R/ W)

Ny

6 5 4 3 2 1 6 5 4 3 2 1
7 8 9 |10 | 11 12 7 8 | 9 {19 | n 12
18 17 16 15 14 13 18 17 16 15 14 13
19 20 21 22 23 24 19 20 21 22 23 24
30 29 28 27 26 25 30 29 28 27 26 25
31 32 33 34 35 3/6, _.34_-..3\2 33 34 35 36
6 5 4 3 2 / 1 6 5 \u 3 2 1
i
7 8 9 10 11 12 3 8 9 10 1 12
{ . {
/
18 17 16 15 14 13 18 17 /16 15 14 13
#
19 20 21 22 23 % m1=9.-n»--“"55/ 21 22 23 24
30 29 28 27 26 25 30 29 28 27 26 25
31 32 33 34 35 36 31 32 33 34 35 36

‘Township, Range, and Section Diagram for Determining Well Data Collection Needs

i




NWXNWX NE%XNWX% NWXNEX NE%NEX
SWENWY% | SWXENWX SWXNEX SEXNEX%
NWXSWX NEX%SWX NWXSEX NEXSE%
SWX%SWX% SE%SWX SWXSEX SE%SEX

D C B A
E F G H
L K | J
M N O P

Well locations guide for designation by sixteenth sections

200t 1,8, 1114 a4 | T SN, RIEE
49, 16-19 , T IINLJ7E.
36, TIRN RIGE
3233, THdaN, €175

Well locations guide for letter designation within sections



Faclity name: __ﬁgl_ie_n_m_ne______ﬁomunulh,_hlA_USﬁS_Ma.p—_

location:___Chelan Co., Holden Village, Washington

EPA Reglon: _10
U.S.D.A., Forest Service

Person(s) in charge of the facility:
Robert E. Hetzer, District Ranger

Name of Reviewer: __H. Aldis Date: ___ 8/3/82

Genera! description of the facility:
{For example: landfill, surface impoundment, plle, container; types o! hazardous subslances; location of the
{ecility; contamination route of major concem; types of Information needed for rating; agency ection, etc.)

Abandoned copper, zinc, silver and gold mine. Approx. 8-million

tons of mine tailings beside a creek. Eroding and washed down to

Lake Chelan. 2 cu.ft./sec. of mine water with copper and zinc.

Scores: Sy = Sgw = 4 Sgu= 5 S§g= )
s = -
SDC =
FIGURE1

HRS COVER SHEET




Ground Water Route Work Sheet

i line m is 0, multiply @ x @ x [ﬂ X @

. Assigned Value Multi- Max. Ref.
Rating Factor {Circie One} plier Score Score | {Section)
m Observed Release @ 45 1 45 31
if observed release is given a score of 45, proceed to line E]
If observed release is given a score of 0, proceed to fine E.
@ Route Characteristics 3.2
Depth to Aquifer of 01 2 @ 2 lz 6
Concern . P
Net Precipitation 012 3 i / 3
Permeability of the 03 24 1 3 3
Unsaturated Zone
Physical State oM 23 1 ! 3
Total Route Characteristics Score ' I 15
& Containment 0123 1 3 3 33
E] Waste Characteristics . 3.4
Toxicity/Persistence 03621518 1 18
Hazardous Waste 0 12345¢678 1 A 8
Quantity
Total Waste Characteristics Score )j, 26
(s) Targets ) 3.5
Ground Water Use 0o 1 (2 3 3 & 9
Distance to Nearest 004 6 8 10 1 40
Well/Population 16 18 20 -
Served 24 30 32 35 40 L
Total Targets Score é 49
& iiine [§) is 45 murtipy [} x [@ x [3]
57,330

[@ pivide tine [E] by 57.330 and muiltiply by 100

Sqw= a 2

FIGURE 2

GROUND WATER ROUTE WORK SHEET




Surface Water Route Work Sheet

Assigned Value Multi- Max. Ref.
Rating Factor {Circle One) plier Score Score | {Section)

[ﬂ Observed Release : 0 1 45 41

If observed release is glven a value of 45, proceed to line E]
if observed release is given a value of 0, proceed to line [2].

@ Route Characteristics 4.2
Facility Slope and Intervening 0 1 2 3 1 3
Terrain
1-yr. 24-hr. Rainfall 012 3 1 3
Distance to Nearest Surface 01t 2 3 2 6
Water
Physical State 0123 1 3
Total Route Characteristics Score 15
@ Containment 012 3 1 3 4.3
E Waste Characteristics ) 4.4
Toxicity/Persistence 0 36 9@15 B 1 e 18
Hazardous Waste 0123458 7@) 1 ¢ 8
Quantity
Total Waste Characteristics Score 2 ) 26
[53 Targels : 4.5
Surface Water Use . o 1 (2 3 3 6 9
Distance to a Sensitive 0o 1 2 @ 2 [
Environment
Population Served/Distance @ 10 1 O a0
to Water Intake 16 18 20
Downstream - 40
Totlal Targets Score B | &5
[ wiine [3 is 45 mutipty [1] x [] x [8] ' ,
i tine ] is 0, muntiply [Z) x 3] x [ x [g] S400| 64,350
Divide line [6] by 64,350 and multiply by 100 Ssw= 7
FIGURE 7

SURFACE WATER ROUTE WORK SHEET



Air Route Work Sheet

Assigned Value Multi- Max. Ref.
Rating Factor {Circle One) plier Score Score | (Section}
E Observed Release 0 45 1 45 5.1
Date and Location:
Sampling Protocol:
I ine [1] Is 0, the Sy = 0. Enter on line [5].
tf line [1] is 45, then proceed to line [2].
@ Waste Characteristics 5.2
Reactivity and 012 3 1 3
Incompatibility
Toxicity 012 3 3 9
Hazardous Waste 012 3 456 7 8 1 8
Quantity
Total Waste Characteristics Score 20
@ Targeis 5.3
Population Within } 0 9121518 1 30
4-Mile Radius 21 24 27 30
Distance to Sensitive 01 2 3 2 6
Environment
Land Use 012 3 1 3
Total Targets Score 39
E-_ mutiply [1] x [2) x [3] 35,100
BB pivide tine [3] by 35,100 and muttiply by 100 Sz =

FIGURE 9

AIR ROUTE WORK SHEET




Groundwater Route Score (Sgy)

&/

Surface Water Route Score (Sgw)

¥

Air Route Score {(53)

s2, + 8o, + 82 W O
\/sgw+ 2, +82 /1.73 =Sy = W 5

FIGURE 10
WORKSHEET FOR COMPUTING Sy,




Fire and Explosion Work Sheet

. Assigned Valug Multi- Max. Ref.
Rating Factor (Circle One} plier Score Score | (Section}
E Containment 1 3 1. 3 7.1
IZ] Waste Characteristics 7.2
Direct Evidence 0 3 1 3
Ignitability 01 2 23 1 3
Reactivity 0 1.2 3 1 3
Incompatibility 01 2 23 1 3
Hazardous Waste 01 2 3 456 78 1 8
Quantity
Total Waste Characteristics Score 20
@ Targets 7.3
Distance to Nearest 0123 45 1 5
Population
Distance to Nearest 012 3 1 3
Building
Distance to Sensitive 0123 1 3
Environment
Land Use 031 2 3 1 3
Population Within 01 2 3 405 1 5
2-Mile Radius
Buildings Within 012 3 45 1 5
2-Mile Radius
Total Targets Score 24
[4 mutiply 11} x [2) = (3 1,440
BB pivide tine [3) by 1.440 and muttipty by 100 SFE =

FIGURE 11

FIRE AND EXPLOS!ON WORK SHEET




Direct Contact Work Sheet

; Assigned Value Multi- Max. Ref.
Rating Factor (Circle One} plier Score Score | {Section)
E] Observed Incident 0 45 1 45 8.1

it ine [T] is 45, proceed to line [4]
If line El] is 0, proceed to line EI

E] Accessibility 01 2 3 1 3 8.2
@ Containment 0 15 1 15 8.3
E] Waste Characteristics

Toxicity 01 23 5 15 B.4
Bl Targets 8.5

Population Within a 01 2 3 45 4 20

1-Mile Radius '
Distance to a . 0123 4 . 12

Critical Habitat

Total Targets Score ' az
{6} it tine [1] is 45, murtiply [ x [ x [5]
it tine [1 s 0. muttipty 2] x [3 x [ x [ 21,600
Divide line [E by 21,600 and multiply by 100 Spc =
FIGURE 12

DIRECT CONTACT WORK SHEET
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HOLOES TAILINGS MONITORING PLAN will be evisTd)
Region: PNW - 6 FM‘ \1%51

Wenatchee Natignal Forest
Chelan Ranger District

JNTRCCLITICH

The R

1=
i

{1roga Creek watershes i¢ situated in North Central Washington (T 31 N,
y w.,; and is Tocateg orn tnz Chelan Ranger District, Wenatchee National

Y-
we
ot T

ore

The Railroad (reek 8asin has a cirgue-type formation at the headwaters and
trellis-like Tendform pattern extending to Lake Chalan, The Basin area contains
approximately 41,600 acres - 4§ percent of which lies within the Glacier Peak
Wilderness. Elevations range from 1,112 feet at Lucerne to 9,517 feet at the
summit of Bonanza Mountain.

Ratlroad Creek - the major stream draining the Basin - i 18 miles long and
flows from the high elevational Lyman Lake to Lake Chelan. This Stream Class I
tributary 1s one of the m&jor water contributers to Lake Chelan; providing water
for downstream yses sgch as irrigation, power production, and recreation op-
portunities for many local residents and thousands from outside the area.

The drainage receives heavy recreational use during the summer mcrnths from
campers, packpackers traveling to and from the Wilderness, and visitors to the
retreat at Holden Village.

The discovery of valuable minerals cccurred in the late 1800's as advanced
scouting parties attempted te locate a railroad route across the Cascade Range,

In 1837, the Howe Sound Company began major copper and gold mintng operations at
rolden. Mining econtinued until 1857, The milled tailing were deposited in three
piles adjacent to the mine. As the piles grew and additional waste areas became

in short supply; the tailing was placed along the banks of Railrcad and Copper
Creeks, Upon closing of the mine and operations in 1857, the tailing piles covered
an arez approximately 80 acres with an average depth of 120 feet.

To protect Railrozd Creek, the mining company constructed about 4,500 lineal feet
of log crib revetmant between the tailings and Railroad Creek. The wooden cribding
has graduailly decayed and 15 being destroyed by periodic heavy discharge. Major
fleeding would cause sianificant erosion of tailings into Railroad Creek and sub-
sequently Lake Chelan, Railroad and Copper Creeks annualily experience tailing-
sediment loading from the now unprotected bases of the tailing slopes that lie
adjacent to these streams. The tailings may have toxic levels of cyanide, arsenic,
iron, lead, copper, and zinc. Mine pertal efflyent which discharges directly to
Rajiroad Creek also contains thete element and compounds, plus low pH levels,

Peak flow occurrence would result in catastrophic effects to the aquatic subsystems
of Railroad/Copper Creeks and Lake Chelan. The potential for damage to other
resources and facilities alsc can be anticipated with high probability.



B

.SENT B“r’:l;.jena.tr:hea F ;8-23T-27 1@rdioM ; SOEEE242E8s SE% TV 228908 2

v

Elbed b it} T

‘ Monitoring Plan
Page 2

In 1975, a contract was awarded to ORB Architects of Renton, Washington to acquire
agditional field data and to develop restoration alternatives. The Chelan District
has programmed funding to accomplish the proposed restoration,

weter cuality sampling of Railroad and Copper Creeks to evaluate the effects of
the tajiings - has been on-going for several years., However, evaluation of the
collected data was not accomdlished. The elements and chemical compounds present
are atypical from those encountered in the majority of forest activities.

ir 1987, & contract wes awardec to Gordon Snyder and Comsuyltants, Inc. with the
cojective ¢f evaluating the effects ¢f the erocing tailings, leachate, and mine

portal effluent on the water quality to the adjacent streams. The results of
this report were heavily relied upon in develorping the Railroad Creek Water

Quality Monitering Plan.

QBJECTIVES

1. To detarmine the impact of sadiment and chemical effects of tailing piles 1,
2, and 3 on the water quality of Railroad Creek and Lake Chelan.

2. 70 determine if the water ¢uality of Raiiroad Creek exceesds Washington State
Class AA Standard Limitations.

3. 7o determine the effects on water zuality of Cepper Creek flowing between
tailing piles 1 and 2.

4. To determine if the concentrations of the toxic pollutants in the leachate
from the tailing pites affects the water quality of Railread Creek,

5. To determine the contribution of the mine portal effliuent 10 the pollution
problem in Railread Cresk,

6. To determine if the concentrations of toxic elements in Railroad Creek are
grester below the mine portal tributary than concentratiens found above the
gentrance of the tributary,

7. To determine if the Holden Viilage sewage lagoon contributes enough bacterial
contamination to Railroad Creek to create a healtih hazard,

RESPONSIBILITIES

The District Watershed Technigian will be responsible for data collection. Analysis
will be performed as follows:
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Holden Tailings
Monitoring Plan
Page 3
Parameter Analysis by:
Temperature, Turbidity, Electrical District Watershed Technician in
Conductivity, and pH the field with portable equipment
Suspenced Sao7i4s, Alkalinmity, lrsn, Forestry Sciences Lab - Wenatchee
Copper, Leac, Zine, Fecal Caoliform,
and Fecal Strep

Central Washington State University

Argenic, Cysnide
. . Lab

Tne District Watershed Technician will be responsible for entry of data into STORET
and storing reports in TRI.

-

The Hycrologist and District Watershed Techmictian will prepare progress and
cempietion resorts.

The Forest =ydrologist will perform reguired statistical analysis and determing
conclusions to be reported.

SAMPLING LOCATIONS (See attached maps)

STATION NAMZ ' STATION NUMBER
1. Railroac Creek at Wilderness Boundary 8103

2. Mine Portal at Holden Mine 8104

3. Railrved Creek below tailings 8106 .

4, Railroad Creek at Lucerne Bridge '8107

5. Copper Créek below Tailings 8127

6. Copper Creek above Tailings o B12R

7. Seepage from Pile 2 | 8140

A e fmm D1 8141 | (more)
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STATION NAME (Con't) STATION NUMBER

¢. Railrgad Creek above Holden Drainfield 8144

1C. Railroad Creek below Holden Drainfield 8145

11, Lake Chelan at Mouth of Rajlroad Creek 8150

12. Lake Chelan uplake of Pailrozd Creek 81351

12, Railroad Creek gt Vehicle Bridge 8152

PARAMETERS

**=A11 stations except B144, 8145*« ‘

Discharge Suspended Solids Copper Cyanide
Temperature Turbidity Lead

pH Alkalinity Zinc

Conductivity Iron Arsenic

**wStations' 8144, B145*w~

Fecal Coiliform
Fecal Stren,

The parameters listed were selected for analysis using the matrix from the 1981
Water Quality Monitoring System for Wenatchee National Forest and recommendations

by Dr.

Monitoring Project. Copies are attached.

SUPPLEMENTAL INTERPRETATIVE DATA

Gordon Snyder in his design provided in Holden Mine Tailings Water Quality

Stream discharge will be measured with each sample taken at each station.

A description-of the study area is provided in the Holden Mine Ta$lings Rehabilitation

report prepared by ORSB,

A copy is on file at the District.
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SAMPLING FREQUENCY AND OURATION

Fignt sampies per station per year will be taken at all stations.

winter {1) - ane sample during peak use of lagoon and drainfield.

Early Sprinc (1) - one sample on the rising limb sometims between mid-April and
mi1d-¥3y, but before the stream reaches high flow.

Pegk Flow [2) = two samples during peak flow, The times may vary but samples
srouid be taken as close to peak flow as possible,
© Summar (1) « one sample on the recession 1imb about two tO four weeks

Vo hom Y vy

arter peak runoff.

1
nw
%

Late Suzmer (2) - one sample during low flow sometime in late August &nd one
sample in mig-September, but before the cool fall weather sets in,

Late Fall (%) - one sample during low flows of cool weather in late fall, prior
tc receiving winter precipitation,

These samples will be aimed a2t sampling the thundersicrms,

Snyder recommends that statistics should not be calculated on less than twelve
samoles. Also, at least two years of data should be gathered before viewing

- stetistice) calculations with a large degree of reliability., The monitering

crogram shcuid be maintained for a minimum of two years with a review of the
data at the end of the two years to determine if enough data has been gathered
T0 Provide 2 sound analysis of the effects of the tailings on Railroad Creek

ang Lake Cheian.

SAMPLING FPROCEDURES AND QUALITY CONTROL

Streamflow - Measurements will be taken in conjunction with other samples.
Equigment to te used is: Railroad Creek, a price meter, during heavy
flows, suspended from a cable off of the vehicle bridges at Holden and
tucerns with a 75 pound weight and digital reader, and during Jow flows,
from a wading rod; Copper Creek, a Price or pigmy meter with wading rod;
Mine Feortal, a Price meter or weir,

Turbidity - Grab samples will be taken with one liter containers. Samples will
be anslyzed with the Hach 2100 Turbidimeter (NTU's),

wWater Tempersture - Water temperature will be takem with a2 hand held Fahrenheit
scale thermometer,

pH - Grab samples will be analyzed with the portable Cormning Model 3 pH meter,
Samples will be taken at established frequencies,
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Corguetivity - Conductivity will be measured in the field with the use of the
heckman Model RA-2A Conductivity Meter. Analysis will be done at established

sarcie frequencies,

Suspenced 5plids - A USDH-48 sediment sampler will be used to collect samples for
graivsis, The Forestry Sciences Laboratory will do the analysis according
¢ Tre Standard Methods Tor the Examination of Water and waste Water, 14th

fciticn, 1975 manuai.

Fiveiinit, - Grab (dic) samples will bz taken at planned samoling fregzuencies.
Anaiysis will be perfermed oy trne Forestry Sciences Labratory according
%% tnz Stancdard Methods for tns Examination of wWater and Waste Water, 14th
Edizion, 1G/5 manud)] (standarc Metnods Manual).

iren, Copper, Lead, Zinc - Grab (dip) samples will be taken at planned sampling
- frecuencies. Analysis will be performed by the Forestry Sciences Laboratory
using the Atomic Absorption method, a¢cording to the Standard Methods Manual.

Feca) Coliform and Fecal Streptocci - Grab (dip) samples will be taken at planned
sampiing frequencies. Analysis will be performed by the Forestry Sciences
Letoratory using the memdrane technigue according to the Standard Methods
Yanual, Samples shall be iced and transported expeditiously to lab for

analvsis,

Arsenic - Grab (dip) samples will be taken at planned sampling frequencies.
Cenrral Washington State University (CWSU) lab will perform the analysis
by tne Atomic Absorption methcd according to the Standard Mgthods Manual,
Methcds require & 200 milliliter plastic container be filled, and stadbilized
with Nitric Acid to & pH of two prior to transporting.

Cvanide - 5Srab (dip) samples will be taken at planned sampling frequencies. CWSY
lab «1]) perform the analysis by the Spectra-photometric method according
to the Standard Methods Manual. Methods require a 500 milliliter plastic
contziner be filled, stabilized to a pH of twelve with sodium hydroxide
and transported on ice to the lab, Analysie must be completed within 24 hours.

TNTERPRETIVE REPORTING PROCEDURE

The Forest Hydrologist will prepare the interpretive reports, A progress report
will be prepared at the completion of the first twelve samples to determine if
further monitoring will be needed beyond the 16 schedyled samples, A final report
will be prepared, interpreting the data collected to answer the seven objectives

identified in this plan.

DATA AND REPORT STORAGE | .
’

A1) data collected will be stored in STORET according to the station numbers assigned.

A1l interpretive reports, including summarized water quality data will be entered
in the TR] system.
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OPERATIONAL COSTS AND NEEDS FOR A TWO YEAR MONITORING PROGRAM

Labor - Hydrologist: §$110/day X 16 days = £1,760
Watershed Technician: $87/day X 87 days = 3%4,9%¢%
Bozt Operator: $90/dey X 16 days = $1,440
Forestry Technician: S48/day X 16 days = $ 720
Resourge Clerk: $4%/day X 32 days = 31,568

Subteztal 0,4

Materials - Bottles $30
Sotution (for cziibration) $40

Ice cnests $40
Ice $32

Mizcellaneous supplies (probes, ete.) £80
Subtotal ]

Transportation -
Half ton rental (FOR)} 3 months @ $330/mo = $290
Half ton rental (mileage) 16 trips X 224 mi,

X .2/mi.= §717

Boat use -~ 16 trips X 3 hrs, X $15/hour = $720
Per diem - 16 trips X 2 nigrts/trip = 32 ¥ -
£12/night = £384
SUbto \.a‘l 2.

Central Washington University Lab -
Cyanide: 17 samples X 16 collections =
176 X $10 = $1,760

Arsenic: 11 sampies X 16 collections =
. 176 X §10 = $1,760
Subtozal . 33,520

Forestry Sciences Laboratory -
Iron: 11 samples X 16 collectiens
Copper: 11 samples X 16 collection . $1.760
Lead: 11 samples X 16 collections }
Zinc: 11 samples X 16 collections
ATkalinity: 11 samples X 16 collections =
176 samples X 84 = $704
Suspended Solids: 1% samples X 18

collections = 176 samples X §5 = $880

Fecal Coliform: { smp X 16 coll,
Fecal Streptecci: 1 smp X 16 co{j}; 16X39 = 3144

Subtotal 33,388
GRAND TOTAL $20,488
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U.5. AL

HOY DLN MINE TAEL INGS

SUMMARY SHLET
OLSCRIMTTON: V.
Ihis reporl reviews the various means of Lreating pollotants in Railroad

The

pollutants originate from mine tailings deposited on National Forest land

Creek on the Chelan Ranger District, Wenatchee National Forest.

from 1937 until abandonment in 1957 by a copper and qokd mining operation.

vl

I HVIRONMENTAL 1MPACTS:

Impacts associaled with the various abandoned mining operdtions are:
contaminated water flowing from the mine portal, leachate flow frem Lhe

tailing piles, erosion ot tailing piles by surface water runoff, erosion of
tailing piles by surface water runoff, erosion of tailing niles by Railroad
and Copper Creek, erosion of tailing piles by wind action and visual ollution.
AFERRATIVE S :

jhree alternatives are offered for evaluation:

1. Ho Action,

Z. Action ta obtain a nominal reduction in wind and weter erosion and

provide protection to withstand a 25-year flood.

3. Action to reduce wind and water erosion to meetl water and air standards

and pravide protection to withstand a 50-year flood.

FOREST SERVICE ENVIRONMENTAL ANALYSIS REPORT 1.

ASSISTANCE & COMMENTS:

Technical assistance anmd advise have been received from; U.S. Forest
service, Washington Departments of Matural Rescurces, Game, Ecology & Labor
Y Industries, National Park Service. Soil Conservation Service, local
publics and agencies.

LHVIRONMENTAL IMPACT :

ihe siyniticance of any tnpact is dependent on the final alternative
chosen.  Focus on this issue can be best analyzed after evaluation of
public response and the subsequent choice of alternatives has been made.

RLCUMMENDATION:

Ihe Wenatchee National Forest Management Team requests public and agency
response to the three dlternatives to assist them in arriving at a decision

in reyard to fulure management of the holden mine tailings.



1 and Management Objeulives:  Management of Hationdl foresis are
subject to several laws af which the following are of primary imgortdnce:

Organic Act of 1897
Multiple Use Acl of 1960
Forest & Range Renewable Resources Planning Act of 1974

Naliona] Torest Manageument Act of 1976

[hese laws set the staye for resource manayemend designed to provide
renewable resources, comodities and services to the public without
toss of productivity and/or dgegradgation of the environnent.

o safequard our nation from envirommental degradation, several laws

have been passed in recent years:

National Environmental policy Act of 1969
Resource Recovery Act of 1970

Clean Air Act of 1963

Federal Water Poilution Control Act of 197¢
Historical Preservation Act of 1966

he Lnviromental pProtection Ayency has stated that as loag as an
abandoned operation remains Jormant and inactive, any discharge or
resultant runof f from the area would not be covercd by the Nutional
Pollutant Discharge Elimination System (NPDLS) Permil. Water quality
standards for streams draining this area would be enforced by the

State Nepartment of Ecology. In addition, the National Ambient Air
(uality Standards may also apply. There is also the question con-
cerning NPDES implication once rehabilitation commences. Alteration
of man made strutures of historical significance is subject to approval
by the State Wistorical Preservation Officer {Wasnington State Parks

& Recreation).

kesource Characteristics:

Gieolgyy: Holden, Washington, at an elevation of 3,209 feet, is
situated in Railroad Creek Vailey. The valley floor rises from 1,100
feet at Lucerne on Lake Chelan to 9,500 feet at the summit of Bonanza
Peak at the wpper end of the valley. Railroad Creek Valley was

carved by glacial action and has the typical "U" shape associated with
nlaciation. Recessional moraines left by the glaciers are irregular
deposits of vock. The town of Holden, mill and other mine buildings
were located on one of these moraines.

Soils:  Three hroad categories of soil occur in the Holden Area:

a. Alluvium - Found in the valley bottom, geperally more than ten
feet deep and are subject to flooding and stream channel erosion.

;.  Colluvial - Generally occur at the base of snow chutes. three tu
ten feet deep and contain a heterogenous mixture of angular rock
and soil material.

¢. Glacial Till - Soits underlying both the alluvial and colluvial
soils and extending well up the valley walls. Generally these
soils are more than ten feet deep with the upper layer being less
compacted and considered stable.

Water: Railroad Creek drainage encompasses 64.8 square miles. Lyman
lLake is fed by Lyman Glacier seven miles upstream from Holden. Rail-
road Creek contributes 12 percent of the annual discharge into Lake
Chelan. The original channel was moved north to provide space for the
mine tailings.

Climatology: FPrevailing winds are westerly, precipitation averages

35" per year with 77 percent of it in the form of snow, averaging four
to eight feet. A season suitable for construction activities is



While the tailing material is highly susceptible to erosion by water, the
top oxidized crust prevents rain and snowmelt from eroding and deep cutting
the tailings. A velacity of only J0 cm./sec. is needed to start eroding

Lho Lailing material.

The tailing pijes are relatively stable in their present condition. Sus-
ceptihilty of the tailing piles to liquefaction is low.

Fonded water on piles is caused by a settlement ot silt and clay sized
particles to the botlom of ponds. This results in clogging the inter-

qranular voids resulting in a veduction of permeability

Soil Chemistry:  Soil pll of the tailings material is 2.9 to 3.5 indicating

a highly acidic condition. Plant materials are umable to sustain yrowth in
this «oil. Tests have shown that the addition of Fime at the rate of 15
toms/acre will raise the pil to a level sufficient to sustain plant estahlivh-
ment . b was also found that o rapid breakdown rate of 1ime occurred and
the snil returned Lo the original Tow ¢l Tevel in two tu three years Lime.

These test results show a need for organic matter in the growing media.

Due to droughty soil conditions, irrigation will be necessary for plant
establishment. Amounts must be controlled to prevent-an increase in
leachate rates,

Hydrologic Characteristics: The north slopes of Tailing PilesT, 2 & 3
abut Railrepad Creek. During periods of high runoff, undercutting occurs at
the bases of these slopes, ercding tailimgs material directly into the

stream course.

Copper Creek flows north between Failing files 1 and 2 into Railroad Creek.
Copper Creek is eroding the base of Tailing Pile No. 1. Holden Village
nbtaing its domestic water supply and hydroelectric power from this creek,
approxiwately 1/4 mile upstrean from the tailing piles.

Railroad Creek Tlow at 50 year flood level is approximately 3000 CFS. This
would vary from five to seven feet in depth and using a three foot free-

Bkoard, Lhe required height of bank protection is ten feet.

Copper and 2inc are having a dramatic effect on insect fauna of Railrpad
Creet.. lmmediately upstream of Tailings Pile No. 1 a healthy and diverse
fauna was observed with a mean of 261 individuvals per square meter of creek
bottom. Downstrean, in the vicinity of Tailing Pile Np. 1, the population
Tevel dropped to 41 insects/sq. meter and below Tailing Pile No. 3 to a range
of five to twelve insects. [t appears that insect recovery gradually

occwrs 1n the lower six miles of the stream.

Lxamination nf water quality data indicate that the pertinent parameters
were copper, zinc, pHoand alkalinity. The combination of Tow pHoand low

alkalinity enhance the toxicity of heavy metals

Hiavy metal concentrations in Railvoad Creek have depleted fish populations
due Lo chronic or acute exposure to copper and zinc ions which lead to any
of the following:

1. Ropid Hortalities.

2. Sub-lethal effects and eventual mortality.

3. Avoidance of stream areas due to no aquatic insect food,

Leachate flow into the stream has cemented the stream bottow for several
miles downstream. This condition denies a normal aquatic habitat.

Air Quality: Staff and guests at Holden Village have recorded adverse
effects to humans attributed to airborne particulate matter from the mine
tailings. Associated respiratory problems show a high frequency of occur-
rence. with persons having asthma often developing severe attacks.



7. Some historical values related to the wine 1ailings and roch dunps

will be lost.
AL TERNASI¥ES (i THE PROPUSED ACTION

[he allernatives that follow purtray a range of projects from no action Lo

Lhat considered to be optimum rehabilitation.
Abternative |

Mo at Lion to be taken which will allow a continuing degradation of air and
water quality. Visual and land produclivity standards.will not be omet,
Violalions of the Federal Water Pollution Control Acl and Clean Air Act are

a possibility.
Aliernative 2

This sobution entails rip-rap stresmbank proteciion along Railroad Creck Lo
withstand a 25-year flood; a chemical protective covering over all tailing
pile 'slopes; treat contaminated water from the old mine portal prior to

its release into Railroad Creek; close existing decanting towers and
tailing pile drainage systems; constructing an intercept swale at the base
of the hillside area above the tailings to divert runoff away from the pile
curfaces. Estimated cost is $787,000 with an annual maintenance cost.

In comparison wilth complete rehabilitation this alternative is deticienl in

the following:

1. foes not meet water quality standards; no effort to control leachate

flow through the piles.
7. irovides anly temporary solution te aerial pollution problem.

3. Noes not provide 50-year flood protection to the tailing piles.

q. Boes not return the tailing piles or land back into production.
L. boes not weet visudl desiygn criteria.

. [ish and other wipuatic lite will pot be materially wnproved.
Abternative 3

Thaiy wlternative iy designated to eliminate the deficiencies poted in

Alternative 2.

Thiy sulution entails treating contaminated water from the mine portal gnrior

to release in Railvooed {reeb.

[ailing Pile Hu. 1: Grade the tailing pile slopes and surfdace and tredt to
support trees and shrubs on 20 of area and grasses on BO of area, (lose
decanting towers, construct a lined intercept swale to divert runoff and to
collect surface water from the pile. frovide ares for retention pond to
treat poliuted water if required by £.P.A. Sewage lagoons for Holden
Villaye should be located on File No. 15

Tailing Mile No. 2: Close decant tower and drain systems, construct an
intercept swale to divert hillside runoff and drain snownelt and rainfail
from the top of the pile, grade east slope only between Piles No. 2 and 3
and place rock and veyetative material over slope area, provide a com-
hination v grass and rock cover on top of pile, relocate Railroad Creek in
aree of taiiing piles to allow planting of trees at toe of slope, provide
rock caver on top windward edaqe of pile, relocate west channel of Copper

(.reek, provide 50-yeor flood protection to pile;

Tatling Pile No. 3: Close decant tower and drainage systei, construct
intercept swale for hillside and pile top drainage, grade east and west
slopes and place grass and rock cover on these surfaces, combination rock
and grass cover on top, retocate Railroad Creek to permit planting of trees

12



6. INVIRONMENTAL PROTECTION AGENCY
P ORBARCHITECTS - PLANNERS - LHGIBLLRS
MANAGLMINT KT COMMNDAT IONS

Ihe Henatehee Natione] Forest has no preferrgd el ternative.  Fublic and
oreL T

dagency response has been requested to aid then NPT e i1 redching
d dectsion for manaqement of the lolden Mile lailings.  Public response
received in earty 1976 will be considered with current public end aqency

comiment |
A!W’LNIIII

Appendix A - Vicinity Map

Aupendi x - Landuwnership Map

Appendin C - 4RE Repeort
Appendix B - Historical inventory

Appendix L - Mineral Report
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APPENDIX A

STEHEKIN

HOLD’EN\_CHELAN
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LUCERNE TO HOLDEN
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VI. ScicvacefTectmalory

INVENTORY FOREA e, Industry
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She invertory of mistoric plaves is an attespt to develdp a catal
of all propeciies in the state that dermonstrate a ¢ontribution te
our present by peoplern of the past. Tt is a basic part of the Stag .
Historic P'reservation Plan that can tcll planners, c¢ngineers, qﬂﬁezz .
ment officials and others wvhat features in our cities, towns nnd'ru_q:
arcas they should be aware of ac they develop new projects,.  The ;:1
inventory form is not a substitute for a nomination to the Mationa} | v
or State Registers of Nistorie Places but it will alert the Office g+
Archaeology and Historic Preservation staff to potential nominaticr"
and their locations; it will cnable the Nffice of Archaeology and p
Hisloric Freservation to more effectively assist you in” hc:ﬁf-é’p‘qrgt-‘r”'.
of actual nominations. h R
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No one knows how many historic sites there are in Washindton:' thae fs
one of the purposes of the inventory; There are certainly thousang,

and, conscquently, the inventory will be in progress for several year
Cligible properties are those which bear the mark of man: houﬁes;{'l
commercial buildings, mines, vessels, atchaeologiéalhnitds and tha'l ﬁ
sites of historic events, transportation facilitiés -- virtually ap
cvident structure, objoect or site that has played;a part in our coil!
lective heritage. fencrally, pioperties 'less than 507 years.will -paf;
be a part of the inventory. - - e T o N

N S
send the completed form to: Office of Archaeology and ooy
llistoric Preservation

Washington State Parks o am
) F.O. Box 1128 ; .
DESCRIPTION : "-‘“\\ Olympia, Washington 98504 -

Cok%: Stewart's cabin is ja sumall log structure located next to a feaced g
A nuber snimal traps elts hang from fts walls. The Jdo-iea of the hed
vas cosded foon otdéT elrlictures in the Coscades Mooetains,
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Economic Evaluation, lolden Tailings Piles

Forest Supervisor, Wenatchee N.F.

I have performed the following analyses of the value of the Holden
tuilings piles at the reguest of your staff.

T hasic data used are assays of split spoon samples from holes drilled
in cach of the three piles by ORB Architects-Planners-Engineers during
Lhis summer of 197% under a Forest Service contract. The holes used for
this analysis were selected on the basis of distribution in three piles.
Hale No. B-3 was in Pile 1; hole No, B-1l was in Pile 2; and hole No.
n-7 was in Pile 3., The samples within holes were selected at approxi-
mate 15-foot intervals to show the wertical distributieon of the values.
The location of the holes, lithologic logs, and sample thicknesses are
shown in the appendix to the ORR report.

ALl the samplcs were assayed individually for gold, silver, copper and
zinc - the metals formerly produced from the Holden Mine - in order to
reveal variations in metal content within individual holes and between
thi: three piles. Additionally, the four samples from hole No. 7 and six
sumples from hole Mo, & were composited and assayed Eor sulfur, iron
oxide (FeQ), and Silica {5i0,) as an indication of the average content ot
these substances in Plles 2 and 3.

Tin- assays {certificate attached)show no important trends in metal con-
tent vertically within drill holes. The gold, silver and copper assays
are within such a narrow range that deviations of individual values have
no discernable significance. The zinc assays in Plle 1 and near the
hottom of Pile 2 are significantly higher than any others.

It iy believed that the higher zinc values are due té the fact that Pile
1 and the bottom of Pile 2 contain tailings from the earliest milling
when, it can be supposed, metallurgical efficlency with respect to zanc
haed not reachud the higher degree represented by later tailings.

The averaye ansays restated for each hole are as follows:

Oz. Oz. * L}
llole Mo, Gold Silver Copper zZinc
B-3 0.025 0.1 0.094 1.45
B-7 0.018 0.13 0.066 0.l8
B-11 0,023 0.18 0.061 0.3

r

Proyressively lower average assays from hole No. B-3 throu h hal
Noi_Bfll to hole No. B-7 s5uygest either improving metallurg' T ¢
efficiency chronologically from Pile 1} through Pile 2 to Fg;ca
respec%ivelv, or progressively lower grade mill feed at the :a;é
approximate recovery rate,

Gross Value

Gross value is estimated for the purposes of this evaluation by

applying the average November 197% prices pub ed by Engineerin
Lng published Y Ei e i ]

and Mining Journal (McGraw Hi uk: atio T =1

;..l_lr-s_#—_._‘_ ¢ ra ill Public tions, December 1975) as

Gold, tHarmon and Handy, Mew York $143.274 per ounce

Silver, U.8. producer 431.902¢ per o
. unge

Copper, U.S. producer, refinery 63.165¢ per pound

Zinc, U.8., prime western 38.897¢ per pound

Sulfur, elemental, U.S., f.o0.b. Gulf ports $60-63.50 per ton

The gross value of the avera .
follows: 9¢ assay of each drill hele is estimated as

Hole No. Gold Silver Copper Zinc Total
B-3 $13.58 50.43 $1.19 s1l1l.28 $16.48
B-7 2.58 0.56 0.83 1.40 5.37
B-11 3.30 0.78 0.77 2,33 7.18

The gross value of the contained sulfur
; at approximately 3¢ per i
$3.36 per ton in hole Ne. B-7 and $2.20 per ton in hole No. g—ilpound N

Market value

Estimates of the value of the tailings in the market Place without f h
concentration take into account the fact that smelters, the obviou b
chasers, pay less than the published price by the use &f a scheduls p:F—h
allows the smelter to recover the value of wetals lost in the smelz‘u N
process, cover the costs of operations, and generate a return on in:::t-

ment.  Schedules vary from smelter to s i
) melter a
mentation and market josition. Feording €0 thelx sauie-

The Fuo smelters closest to Holden are the ASARCO Smelter at Tacoma
Washington and the Cominco Smelter at Trail, B.C. The ASARCO Smelt;t

is principatly a copper smelter while th i
tor renghally o c e Cominco Smelter is designed



csw:;'s well ingold content” (Pearse and Zanadvoroft, 1939), it is probably conservative
to assume that at least holf of the gold lowes were as composite pyrite-fine gold parficles.
Thus, 5 percent {or half of the estimated 10 percent tailings Joss) of 0.04 oz. would be
about 0.003 oz. gold per ton of ore or per 120 pounds of pyrite (6 percent) or ebout 0,05
oz, per ton of pyrite,

The overoll gold-silver rotio was 1:3,5 and the ratio for the zinc concentrate was
1:12, As no information regarding silver in the pyrite was found, it is assumed that the
cantent was negligible for purposes of this summary,

Mo published information on the zinc content of the tailings wos found; however,
cortspondince 2, Fred Williims, L July 1968) siwws that the 1947 overoge taifings
los. was 0.20 percent zinc.  Although zine was not recovered until 1943, the older toilings
{pile number 1) were lorgely used later in sand=fil [ operations cna the remoinder of this
pile is deeply oxidized so it is doubtful that much zinc could be recovered from any of
the Holden tailings. .

Of the tailings in piles number 2 and 3, ot least 1 foot of thickness on the top
surfeces and 3 feet or more of the dike faces are oxidized. Thus, this surficial meterial
and probably most of what remains of pile number 1 is not amenable 1o froth flotation.
Although few dota are avoilable on which to bose calculations, a reosonoble estimale
of the amount of unoxidized material might be on the order of & million tons. Using
whot would appeor 1o be o conservative figure of 5 percent recoverable pyrite, we
wbloin a result of 300,000 tons of pyrite concentrate,

While value dota for pyrite concentrates in the Northwest are not avoilable,

a figure of 10 dollars per ton delivered a1 Puget Sount porls seenss reosonable.  This
$3 million gross value for pyrite does not include the estimated half million dullars in

gold, part of which might be recovered from it.

Summary

Preliminary study (withoul benefit of sampling) indicotes thot on the order of

300,000 tons of pyrite concentrate containing possibly 15,000 ounces of gald could be

obtained from the Holden Tailings. Pasitive economic factors are:

1. An extremely simple and therefore cheap recovery cost.
2. A reodily measurable, therefore low risk, "ore body".
3. Removal of this acid~forming component would simplify reclamation of the

piles.

Negative factors are:

1o Aoelatively small “ore budy®,
2. Poor accessibility, inzking iransportation costs high.
3. Low unit value of the end product.

While a recovery operation at the present time would, of best, be marginol,

factors such as a gold subsidy or the desire to remove acid-forming minerals prior to

reclamation efforts could change this picture,

References Cited
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STATE OF WASHINGT

DWW‘ GJ COMMISSIONTIR

BERT COLE
PON LEE FRASBK
SUPERYIIOR
BOX 168
OLYMPIA, WASHINGTON
28501

December 8, 1971

l' , 5 U.S. Forest Service
1l PO Box 3026
o i Portland, OR 97208

Attention: Lloyd Holgren

M :l-:'llx?}ic\
L"_"_’;’*_ Dear Mr. Holgren:

b s
T In response to our telephone discussion of December 8, | have enclosed a copy
of a memo from Gerald W. Thorsen to Marshall T. Huntting. This memo pertains
N to sulfur-gold values in the Holden Mine tailings. We sent a copy of this memo
A to Pacific Interior Resources, dated November 11, 1971 in response to on inquiry
i‘i/ from them relative to black sand deposits and tailings piles here in Washington.
e
L You indicate that you had received several assays of the tailings piles. We would
appreciate receiving a copy of those results if they are available,
If we can be of further service, please do not hesitate to contact us.
r/'-”— h
Y Very truly yours,

8ERT L. COLE

Commissioner of Public Lands

W M

BY Donald M, Ford

Assistant Supervisor
Division of Mines and Geology

DMF:ja

Enclosure




Telephone 343.3302 Hand ' ASSAY REPORT

Sample Serial ..... . 430=443. UNION ASSAY OFFICE' Inc_

W. C. WANLASS, President
) . . L. &. HALL, Vice President
ine . . U.S. Forest Servife... e, G. P. WILLIAMS, Treasurer

Wentachee National Forest GERALDINE A, WANLASS, Secretary
P.O. Box 811 .. P. O. Box 1528
Salt Lake City, Utah 84110

RESULTS PER TON OF 2000 FOUNDS 7
Jan, 7, 1976

= = — S
GOLD SILYER LEAD COPPER INSOL. ZINC | SULPHUR IRON LIME R
o NUMEER o } C_)l_i: per Tot_\ Ozs. per Ton [iWet on Oreyy  Per Cent \ Par Cont | Per Cont ,l,,f_r Cf_ﬂ' Per Cont | Per Cont Por Cant | Par Cant
Project .J-203 1 FeO [S§102
- i
5-3/5 5 Lo | 0. 0.107 1.6
I!
"t e L o0.020 | 0.1 i0.031 1.3
|
"-7/5 5 ¥ 0.015 | none | 0.088 0.4
AR O ﬁ 0.015 | 0.3 0.044 - Trace |
CorLl 0020 % 0.2 i!o.ose 0.1 '
v : ! i | |
ie i 0.020 i none !0.075 0.2 '
i | | !
1S 6 0015 | 0.2 0.075 10,3 i
| |
1A 1 |
10 ! 0.020 0.1 | 0.056 Trace |
[} 133 i] l ‘l
12 !H 0.030 | 0.2 0.069 | Trace
L0 " . ii\I l
15 4 0.020 | 0.2 0.069 | 0.1
1 1 i; ‘
5 W8 40025 | 0.1 lo.04s | 0.2 |
" " B :} i
211 0.025 | 0.3 | »0.050 1.2
i |
tomposite B*?! ;
/S6 thru B-7/!
5 16 ‘ 5.60 5.53 {64.70
Composite B-lﬁ
/56 thru B-1l1
/s 21 3.66 4.12 [66.80
—

Remarks... . F.Q.# 4X6=171=76. .. . ...

Charges 3. 132,00
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SAPTOR EXPERT MIKE BAYANT HOLDS EAGLE

Suspect nabbed
in wounding

of bald eagle

AN PALMER GILLIN

5 Word wish writer

s from the Wenatchee office of the state Department of

are considering whether to file charges against an
gan County man believed to have shot and wounded a bald
near Orondo Friday.

» Patrol troopers swpped the man's vehicle near the Qlds
: Bridge in East Wenatchee Friday afterncon. The
ed eagle and 2 loaded .22-magnurm rifle were found in the
of the car.

car had been described by a witness who. notified
ities he had seen a man carrying an eagle north of Orondo
he Columbia River.

man’'s name was not reteased pending the filing of
»s, said Wildlife Agent Rick Peterson, After being ques-
by local game agents, the man and his wife were sent to
e to meet with U.5. Fish and Wildlife agents for more
oning.

i eaggles are a protected species. The federal penalty for
1g or killing the birds is a maximum of one year in jail
85,000 fine, Under state law it"s 2 gross misdemeanor.
al game agents kept the bird at their Wenatchee office
Mike and Marian Bryant couid pick it up for treatment.
ryants run the Raptor Rescue Center on Blewett Pass, and
a federal permii to rehabilitate endangered and threatened

25,

. eagle was shot once through the left wing. X-rays waken
, Cashmere Veterinary Clinic late Friday afternoon showed
ken wna and lead shot in the wing.

: wing was badly shattered. Ms. Bryant said. Surgery was -

uled for Monday morning. ]
we can get the bird through surgery. pin the wing, we can
for a 60 to 70 percent chance to rewurn it to the wild,” she

rant said the eagle appeared o be about 3 years old. It does
et have the white head, which is a characteristic of fully

re bald eagles.
> V. —oi—ka 012 annwde and hae 2 wine snan of

M Huntain m

Exclusive
interview
relates
his story

From Page 1

from National Geographic magazine
who spent a coupie of days at the
lake. -

Now. in the autumn of his life and
after having been repeatediy .re-
minded by friends that his normsual
story ought to be preserved for pos-
terity, Stuart agreed to talk,

He did so seated in a comfortable
chair in the oid wood-frame cottage
where he could look through a win-
dow to the familiar mountain scene
across the lake, -

Stuart has a lung condition that
makes hi3 words hard o0 under-
stand, so he spoke with the aid of a

- persen who's taking care of him.

almost like a devoted daughter —
Sandy Nelson of Minnesota.

The interior of Stuart's confining
abode — it has just 250 square feet
of living space — provides him with
his own brand of comfort. On one
side of him was a bed. On the bed
lay a couple of dogs. one calied
“Hopwood." after a Wenatchee bro-
kerage firfn run by Stan Bryant. gne
of Stuart’s best friends, and an Aire-
dale named “‘Sheba.” Over the bed
hung animal skins and alongside it
rested a gun.

Before Stuart was a table clut
tered with, among other things.
mail brought up by Sandy Erom
Lucerne via a steep trail that rises
1.100 feet. On a wall to his right
were displayed numerous snapshots
of bygone days. Above. on exposed
roof ralters, personal belongings
are gtored on a door, providing the

_ place with a sort of ceiling.

Stuart would relate little of his
past before coming Lo Domke Lake.
other than o say he was gnce a
cowboy in Nevada and has no rela-
tives that he knows of. Questioned
further about his youth, he replied:
“Nene of your business!” He did
say he didn't get much schooling.

He came 1o this high mountain
country after being told about 1rap-
ping matten in Idaho by an ¢id man
on a dairy ranch in California where
he was working. He ventured to
1daho., but the season was closed.
His next stop was Ellensburg,
where things looked too dry for
trapping. so he came to Wenatchee,
He picked apples for four days at
Malaga before heading for Lake
Chelan, still locking for a place 10
trap for a living.

Stuart’'s memory is still sharp,

and the old woodsman recailed stay-.

ing at Campbell’s Lodge in Chelan
on Qct. 13, 1924. Next day, he
boarded the passenger boat Liber-
ty” tor Stehekin. But a Forest Ser.
vice official told him scmeone was
aiready trapping martén there, So
he got off at Lucerne. :

Pioneer resort operator Oscar
Getly pointed Stuart in the direction
of Domke Lake, where he bedded
down in the barn of another trapper,
A.L. Cool. Except for Army duty
and a few visits “oul.” he's been
here ever since,

Cool, a paymaster for several big
corporations in Indiana, had come
in 1894 to hunt and trap, and live in
a healthy enviromment after being
told by his doctor he had Bright's
disease. a kidney ailment. and had
six months to live.

Domke Lake proved to be a
healthy place, and Cool lived to the
ripe old age of 84. renting out boats
in s later years. He told Stuart
that another man. whose name he

-did not recall. had preceded him at

the lake.

Soon. the young newcomer took
over some of Coei's traplines. The
latter was happy to get a vou
partfer, being 67 at the time a;g
having lived all by bimself for
years.

That meant Stuart would go over
6.600-foot-high Miihamn Pass from

Lake televation 2.192 feet)
and run traps for marten all the way
to the Entiat River. That was 12
miles distant, not counting side trips
to tend his 150 traps.

The ardupus task involved being

-y

an G rdn Stuart

BORDON STUART HAS OCCUPIED THIS CABIN AT DOMKE LAKE FOR MANY YEARS

alone in the vast expanse of deep

snow on snowshoes, sometimes in

sub-zero weather. for four or five
days at a time. He would stay in
small cabins enroute.

Stuart said he never feit it was a
particularly dangerous occupation.
although he admitted that once.
while standing about rolling a
cigarette. an avaianche nearly
engulfed him,

While Cool was there another
man named Chambers, from Maine.
set up a hunting and fishing camp
where Stuart’'s cabins afe now.
Shortly after Stuart arrived,
Chambers soid the enterprise, not a
profitable one, 1o Mr. and Mrs. Pat
Lee. who owned Lucerne Resort.
Lee built the iarge cabin that Stoart
later rented out.

The war drew Styart away frem
his beloved mountains from 1942 to
1944. Cool died in 1841 whiie trying
to put out a fire that was burning his
cabin. and it was ypdersigod that
Stuart might one day lake over

_ Cool’s businhess.

So, Stuart set about getting a per-
mit 10 operate a resort. He got it in
1950 after a couple of years of
squaring away, during which time
he built a smaller rental cabin.

Cool had had no government per-
mita for his place, only a “‘squat-
ter's claim.'” [t was never a patent-
ed piece of ground, since it was

‘before national forests were estab- .

lished.

Stuart first called the resort
“'Emerald Camp.” Currently. it is
known as ~Domke Lake Resort.”

He moved to his current site in
1959, buiiding the cabin that he has
occupied for many years. Until
then, ne lived farther south aiong
the lake i an area known now as
“Steart’s Camp.” )

Over the years, Stuart developed
a lot of friendships among those who
spent time at the resort. They have
returned year after year. and say
that Stuart is part of the atiraction
there.

Pasticularly good friends are
Bryant. who visits by float plane in
summer and on snowshoes in win-
ter: Sid Burns, a Forest Service em.
ployee at Lucerne who keeps in
touch with Stuart by means of a
crank-type telephone, when it
workg: Emie Gibson, a commercial
seapiane operator wWho brings Stuart
half his guests: and Archie Mills,
now a slate game commissioner
who was formerly with the Forest
Service. .

All have played cards with him.

Said Bryant: “He is an avid and
savage cribage player.” He went
on 1o appraise his close friend.

“'He's one of the most fiercely
independent persons I've ever met,
Bryant said, "‘He went to great
lengths to maintain his indepen.

dence, mostly by the way he lived,

“1 seriously doubt if there is a
man in the Northwest who knows as
much about wildlife and habitat.
People on the Game Comemission
might well listen 1o people like
that."”

Both Bryant and Mills com-

mented on his knowiedge of the out-
doors, .

-1 think he is a most wonderful
type,” Mills said. “He's one of the
few real old woodsman types —
people who know the outdoors and
tive in it with minimal impact. He's
a saper woodsman who undersiands
about wildlife .

Mills gave an example of the lat-
ter. One time Mills suggesied burn-
ing. some willows to enlarge a
meadow. But Stuart objected, and
pointed out: “That's what keeps
ptarmigan dlive: they fly in there
and feed under the trees. That's the
way they survive.”

Explained Mills: “He knew all
that. He respected wildlife; was
absolutely law-abiding.

In no senge is he a hermit or
recluge. Mills added.

““He is pretty much seli-
educated,” he said. “He reads
rather extensively.”

In that regard, Mills said of
Stuart:

“He had two cabins in the Entiat
that he trapped out of. 1 went into
one — [ could barely stand up in it
the roof was so low. I found two
books.... Ote was an early-day trap-
per book and the other was ‘The
Arabian Nights." T could just see
Gordon noled up in there waiting out
a storm, sitting around a wood stove
and reading by kerosene lamp.”’

Besides doing a lot of reading —
he has many books around the place
— he keeps up with the news via a
smali radio. And one of the things
Sandy Nelson brings up from
Lucerne each week are issues of
The Wenatchee World.

As for his habits. Mills said that
anyone with g dog became a friend
of Stuart, who especially liked a
Weimaranet he called ‘‘Rupert.”
But he never liked anyone Lo pet his
dogs; he wanted them to guard the
place, Mills assumes.

Mills feeis his long-time friend
“punighed his body tremendousiy,
traveling in those severe con-
ditiong.” and described an incident
to denote how tough he is.

One winter Stuart fourd himself
suffering from an excruciating
stomach pain. 1t was so bad he
woujd pass out at times. Yet. as he
lay in bed Stuart continued to put
woed in the stove to keep warm.
Later, a physician found that Stuart
had a ruptured appendix.

Styart was apt “to speak his mind
at any time, any place,”’ Mills said,
and recalled when he, Mills. gave

him a permit to build a cabin by a
certajn time. When Stuart didn't
meet the deadline, Mills asked if he
didn't realize his permit was about
to run out

Styart replied: **Yeah. some stu-
pid son-of-a-bitch put that (time
limit) in there.” . )

““You kpow, Gordon. I put that in
there,” said Mills.

Stuart answered: “‘Yeah, I
know.'"

Stuart has always had strong feel-
ings. For a long tune. he [igured
anyone with a motor on his boat at
the lake was a sissy, said Gibson,
who is a frequent visitor. However.
25 years ago Stuart finally put one
on his own boat — quite a con-
cession 10 modern ways.

Last fall, Stuart made another
coneession. He had Massey-McCray
Asgociates of Wenatchee build him
a 20-by-30-fool Pan Abode lpg cabin
alongside the old one with the 10
deer racks decoraling the gable.
That involved a noisy helicopter
making 20 trips to his otherwise-
quiet setting to drop the jumber.

But Stuart has not gone modern
all the way. The new cabin. where
he pow lives, has no electrical wir-
ing," no plumbing for a teilet or
drinking weter, no covering on the
floor, The bathtub has 1o be filled by
bucket. A Coleman Jamp provides
Light.

Stuart likes people, friends say.
When asked about that, Stuart quali-
fied his opinion by saying: “Some
people,” He has been knowm [0
arder people out of camp.

Asked il he ever got lonely, Stuart
said, no, he kept too busy.

Though he is not in the best of
health, Stuart has ne plans to leave.
Asked how much longer he plammed
to stay there in the forest alongside
his beautiful lake, but so far from
edical attention. Stuart answered
without hesitation:

‘"7l my last breath is gone.”

His friends worry about that, but
they say they understand why
Gordon Stuart wants 1o stay as long
as be can where the owis hoot in the
dark of night and the deer venture
close, rather than in a crowded
nuraing home or hospital in a noisy
distani city.

Huntsville firm .
charged after
river-fish kill

DAYTON.. Wash. (AP) — The
state Ecelogy Deparument has
charged a Huntsville company
$203.000 [lor damage from a
chemical spill that killed nearly all
of the fish in the Touchet River be-
tween Waitsburg and Dayton last
April.



LABORATORY TEST RESULTS

Water Quality Analysis

Samples for laboratory tests were obtained
from the following locations: Copper lron Lead Zinc Cyanide Arsenic

%1, Railroad Creek at Wilderness Boundary

(July 1, 1975) 0.003 -~ -- -- - -
%% 2, Mine portal drainage
-~ (May 17, 1975) 7.060 - -- -- N.D. 0.10
Outfall pipe, pile No. 1 0.003 -- - 0.006 -- -
L, Copper Creek upstream, pile Nos. 1 & 2 0.110 N.D. 0.04 -- N.D. --

% 5. Copper Creek West Branch, pile No. 1 0.003 -- - 0.003 - -
6. Railroad Creek at junction Copper Creek 0.080 0.25 0.04 - N.D. --
7. Railroad Creek at pile No. 2 0.120 0.70 0.04 - - -
8. Seepage at pile No. 2 | 3.760 Trace 0.06 -- -- --
9. Seepage at pile No. 3 S.W. corner 0.110 N.D. 0.04 —— - -
10. Outfall pipe at pile No. 3 2.020 68.70 0.06 -- -- --

%11, Seepage east of pile No. 3 0.100 - - 0.309 - -
* ,_. Railroad Creek at junction of Six-Mile
Creek 0.009 - - - - -
13. Railroad Creek at Lucerne 0.140 -- 0.04 -- N.D. 0.02

See Resource Inventory One, Page 2-5, and Resource
Inventory Two, Page 2-17 for sample locations.




Water Quality Analysis (continued)

Copper lron Lead Zinc Cyanide Arsenic
¢14. Railroad Creek at Wilderness Boundary
(July 17, 1975) N.D. -- -- 0.007 -- --
15. Railroad Creek at Holden Foot Bridge 0.001 -- -— 0.089 -- -
16. Railroad Creek at 600 feet below pile
No. 3 0.004 -- - 0.074 ~-- --
17. Mine portal drainage
July 17, 1975) 1.80 -- -- 9.88 -- o

* Samples by ORB team member (S. Martin) on July 1, 1975. Lab Test by Laucks Testing Lab.

%% Samples by ORB team members and U.S.F.S. on July 17, 1975. Lab Test by Laucks Testing Lab,.

Samples without asterisk were taken by ORB team members and U.5.F.S. on May 17, 1975. Lab Test by C.W.S.C.
N.D. None detected-less than 0.0001

Aquatic Insect Sample Results, Substantiate Pre-
vious Data and Conclusions by Pine (1967)

There has been an obvious continuing effect of the At Station 2, river rocks were coated with a sliime
tailings material, particularly copper and zinc on material that may be a high concentration of spe-
the insect fauna of the creek. At Station 1, up- cific bacteria or fungi organisms existing in an
stl of the tailings, a healthy and diverse fauna area receiving domestic sewage effluent and heavy
was ..served with a mean of 261 individuals per square metal contaminants.

meter of bottom. However, at Station 2, just above

Copper Creek and adjacent to tailing pile No. 1, a At Stations 3 and 4, downstream from the tailings,
mean of only 41.5 insects per square meter (M) were - very few individuals were found, with mean values
found, with the majority barely mobile or dead. This of 12 and 5.5 per square meter respectively. How-
indicates that these insects had probably been car- ever, most individuals were In a healthy condition
ried from upstream areas into the tailings area and similar to those observed at Station 1.

affected by tailings derived pollutants (primarily

copper and zinc). Data from Station 5 (Railroad Creek at Lucerne)

was not exactly related to the other data, as
stream bottom type and rapid currents were not




entirely similar to the other stations. However,
insects obtained at this station were in a
healthy condition, comparable to those found at
Station 1.

It is presumed that recovery of the insect popu-
lation gradually occurs in the distance from
River mile 6.0 to River mile 0.1. Pine (1967)
did not observe recovery until River mile 3.2,
but was unable to sample the distance between
River miles 6.3 and 3.2.

Examination of U.S. Forest Service water
quality data indicated that the pertinent
parameters were copper, zinc, pH, and alka-
linity. Ranges for these parameters at each
station for the period from 1966 to 1972 are
presented below.

Below At ' Above
Parameter Tailings Lucerne Taillings
pH 605 - 700 6!6 = 7.7 7'3 - 7'7
alkalinity

mg/1 CaCO 0.0 - 30.0 0,0 - 30.0 0.0 - 30.0
3

copper PPM 0,0 ~ 0.3 0.0 - 0.2 0.0 - 0.036

0.042 0.0

zinc PPM 0.0 - 0.043 0.0 0.012

These data indicate a relatively high copper level,
in combination with relatively low pH and low alka-
linity. The latter two conditions enhance the
toxicity of heavy metals.

Sources of Pollution:

Copper, zinc, iron, and other heavy metals have
been. introduced into the creek from a number of
waterborne sources, including:

1) Contaminated water from the mine portal.

2) Rain and snowmelt from the tops and slopes
of the tailing piles, and the hillside
area above the tailings, leaching through
the piles.

3) Rain and snowmelt from the same areas
listed above, eroding the tailing piles.

4} Erosion of the tailing piles by stream
action undercutting their banks (from
Copper and Railroad Creeks).

Specific sources of pollutants that may enter
Railroad Creek were identified as follows:

1) Drainage from old mine portal, approximately

1/2 mile upstream of the tailings. Drain-
age is approximately 2 cubic feet per sec-
ond.

2) Drainage immediately west of tailings
pile No. 1, running over lowland areas and
joining 2 small stream which enters Rail-
Road Creek. Probable source: wupland run-
off.

3) Drainage from a small, 10-inch wooden pipe,
protruding from east side of tailings pile
No. 1 and depositing water on pile siope.
Probable source: upiland runoff, sewage
lagoons, or a combination of these.

4} Copper Creek, both forks, but particularly
the smaller west fork which encroaches on
tailings pile No. 1.




7)

8)

9)

10)
11)

12)

13)

Drainage running down west side of
tailing pile No. 2 and joining Copper
Creek. Probable source: wupland run-
off.

Large pond on surface of tailings pile
No. 2, draining primarily through a
decanting tower and old central drain-
age system within the tailings pile.
The drainage system probably allows
some water to leach into the tailing
pile. Probable source: upland and
local runoff.

Drainage (leachate) along bases of
taiting piles 1, 2, and 3. Probable
source: snowmelt from piles and hill-
side area above piles.

Small drainage running northwest off
tailings pile No. 3. Probable source:
upland runoff.

Large pond on surface of tailings pile
No. 3, which drains into a decanting
tower and through an old central drain-
age system, exiting via an outfall pipe
just east of the pile. Probable source:
upland and local runoff,

Drainage along base of tailings pond
No. 3. Probable source: See No. 7 above.

Bank erosion due to occasicnal flood con-
ditions in Railroad and Copper Creeks.

Windborne tailings from all three piles.
A concrete weir connected to an internal
(pipe} drainage system, which controls

the amount of ponded water able to drain
off the tailing pile surfaces. The decant-
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ing towers, located on tailing piles, were de-
signed to drain surface water directly into Rail-

road Creek.

Leachate discharge into Railroad Creek is caused
by water from upland runoff and precipitation
(primarily snowmelt) ponding on the surfaces of
tailing pile Nos. 1, 2, and 3, and percolating
down into these piles, dissolving mineral ele-
ments, and seeping into Railroad Creek in the
form of leachate.

ORB originally thought the drainage systems for
tailing pile Nos. 2 and 3 were interconnected. How-
ever, fluorescein dye placed into the decanting
tower on tailing pile No. 2 was not observed at the
suspected "'common' outflow at the east end of pile
No. 3. It must, therefore, be assumed that the
drainage system on tailing pile No. 2 is not inter-
connected with No. 3 and/or it is blocked.

Fluorescein dye tests administrated on tailing pile
No. 2 showed only one location where leachate sur-
faced before flowing into Railroad Creek. This lo-
cation is just east of a small shack adjacent to
the creek, near the junction of pile Nos. 2 and 3.
Water quality analysis at this location may be
referenced by viewing resource inventory map show~
ing water quality analysis sampling locations.

No tests were made to determine leachate flow
through ground water to Railroad Creek,

Conclusions: Contamination of Railroad Creek by the

Holden tailings has resulted in a severe depletion

of fish and other aquatic life in the creek, extend-
ing downstream from the tailings for at least 4 to

5 miles. This condition is primarily due to the
presence of heavy metals (copper and zinc) in com=
bination with tow pH (6.5 to 7.0) and soft water
(less than 45 parts per million as calcium carbonate.




Very low levels of copper and zinc, less than 0.1
PPM are toxic to a variety of aquatic insects. Cop-
per and zinc concentrations as low as 0.048 PPM in
combination with soft water have been shown toxic
to salmen and trout species.

Chronic exposure to copper and zinc concentrations
between 0.025 and 0.050 PPM may result in young sal-
mon and trout exhibiting sub-lethal effects includ-
ing blood changes, gonadal damage and lowered ste-
roid levels, eventually resulting in death.

Copper concentrations in Railroad Creek vary from
0.003 to 0.14 during the spring and summer of 1975
and zinc concentrations vary from .003 PPM to .089
(during July, 1975). Even if exposure to these heavy
metal concentrations are intermittent, it is suffi-
cient to prevent a typical stream community from
being re-established in the Creek.

Heavy metal concentrations in Railroad Creek have
depleted fish population due to chronic or acute
exposure to copper and zinc ions which have lead to
any of the following:

o Rapid mortalities
o Sub-lethal effects and eventual mortalities

o Avoidance of stream areas even during times of
no pollution (if such periods exist) due to no
aquatic insect food.

The entry of tailing fines into stream has also contri-
buted to the unsuitable stream conditions. Sedimenta-
tion causes disruption of fish and aquatic insect res-
piration and fish egg incubation, by interfering with
normal gaseous exchange across the gill surface and egg
membrane.

Further damage to aquatic life is caused as a result of
leachate flow into the stream which has cemented the

stream bottom north of the tailfngs pile for several
miles of the tailing piles. This cemented condition
denies a normal aquatic habjtat.

Staff members at Holden Village have recorded adverse
effects to humans caused by airborne particulate mat-
ter originating from the Holden Hine Tazilings. Asso-
ciated respiratory problems show a high frequency of
occurrence, with persons having asthma often develop-
ing severe attacks. Guests at Holden Village occa-
sionally complain of eye irritation and of allergic
reactions. Loggers working in the vicinity of Ten-
mile Creek (approximately two miles downstream from
Holden Village) indicated several workmen contracted
eye infections. These were attributed to airborne
tailings material,

Water Pollytion Treatment

Conversations with Jack Sceva, Surveillance Analysis
Division Geologist and Dan Bodien, Chief of Water
Permits Section, Region 10 office of the Environmental
Protection Agency indicate the following:

Since the proposed solution requires that surface
water be drained from the tailing piles in a controlled
manner, the tailing piles would then become a point
source. Such a point source may require an E.P.A.
permit. When asked if the E.P.A, would allow time

(2 to 3 years) for the proposed vegetative solutions

to eliminate the pollution, Mr. Bodien stated that the
£E.P.A. would not rule on the conditions of the permit
until an application from the Forest Service had been
received. However, Mr. Sceva indicated that the E,.P.A.
has issued such delayed permits in the past. It is
necessary that the Forest Service apply for a permit
before the E.P.A. will make a decision as to the re-
quirement for treatment of runoff.
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Dust Bucket test Samples

Dust buckets were placed on our June 7th and
8th trip to Holden area in similar locations
to 1974, Test data from 1975 tests are not
available at the time of this writing., 1974
data has been used in this analysis. The fol-
lowing data vepresents a 1 year accumuiation
(1974) .  See Dust Bucket location, page 2-19.

Site A - 600 feet east of Tailing Pile
No. 3. Buckets at this site collected
an average of 3,000 lbs/acre.

Site B = 2,500 feet east of tailings.
Buckets at this site coliected an
averaqge of 350 lbs/acre.

Site € - 5,000 to 6,000 feet east of tail-
ings., Buckets at this site collected
an average of 270 lbs/acre.

Site D ~ Located just west of Holden
Village. Buckets at this site collected
an average of 70 libs/acre.

Seasonal variation in the distribution of par-
ticulate matter is significant due to local
climatic conditions. The maximum air pollu-
tion potential is reached during mid summer,
when the surfaces of the tailing piles are
bare and dry. When tailing surfaces are satu-
rated by rainfall or snowmelit, or covered with
a snowpack, particulate matter is effectively
"insulated'" and protected from wind erosion.

Because the tailing material 1s predominantly
fine sand size or smaller, it is all susceptibhle
to transportation by wind. However, the cemented,
oxidized crust material covering the surfaces of
the tailing piles appears to limit the extent

of wind erosion.

Tailings particulate matter deposited downwind has
a yellow buff coloration out of harmony with the
environment.

Vegetative Studies

Purpose

o Develop a plant list of suitable spe-
cies for establishing vegetative cover
on tailings.

o Evaluate growth on U.5.B.M. test plots and
utilize findings in rehabilitation plan.

o Determine most feasible method of plant
establishment to include soil preparation,
planting, irrigation, operation and main-
tenance and design life.

o Investigate native plant material presently

growing in highly acid peat bogs to deter-
mine which species would grow at Holden in
acid conditions.

0 Survey existing vegetation in Holden area

to assist in development of a suitable plant

list.

Field Investigations and Literature Research

Field inventory of species native to Hdlden area
were made on June 6th and 7th, 1975, and July 1,
1975.

Meetings were held with Wenatchee National Forest
Service reforestation personnel to review refor-
estation practices, and natural succession of
varieties which volunteer after fire damage, and
the range of usable varieties growing in the Hol-
den area.

s e e
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Meetings were held with Mr. Ken W. Russell of the
Washington State Forest Land Management Center in
Olympia. Mr. Russell is an expert on peat bog
plant varieties which survive very high acid con-
ditions. ORB obtained list of non-bog plant ma-
terial which can survive these conditions.

From investigations of species common to both the
Holden area and highly acid peat boyg material, we
found that Lodgepole Pine, Western Vlhite Pine, and
English Spruce grow in both areas.

Researched tailings rehabilitation work at the
Bunker Hill Mine, Kellogg, l|daho, where suc-
cessful plant establishment on tailings in-
volved hydroseeding adapted grasses with o=
ganic mulch, lime and fertilizer. Mini-terraces
were used on steep slopes.

Conclusions

A short growing scason and continuous wind blow-
ing across the tailings present problems in es-
tablishing an overall vegetative cover,

Irrigation will be necessary to provide needed
moisture during the initial establishment period
and first two summer seasons. The use of low dis-
charge sprinkler heads with close spacing (40 x 40)
is necessary in order to get effective coverage
without over irrigating the piles.

Organic matter should be added to tailings
material to establish a suitable planting bed.

Tree establishment areas should have an uncon-
taminated soil cover at least 3 feet deep. Amend-
ments should be added to tailings material under
the uncontaminated soil to a depth of 2 feet.

Trees and shrub vegetation over the tailing piles
should cover from 10 to 25 percent of the pile
area.
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A fall planting season is possible if done early
enough to allow good seeding establishment; and if

an early planting deadline is missed, an alternative
would be the planting of barley or rye as a cover crop
to provide spring erosion control.

Hydroseeding will be necessary on areas inacessible

to drill planting and should include Coherex ( a chem-
ical used to control surface erosion and prevent ''sand-
blasting' of plant materials) as an additional erosion
control measure. Rigorous supervision and coordina-
tion of the revegetation program by plant material
specialists will be necessary.

Slide Area Alder

Alder from slide area could be chipped and spread over
portions of pile. This would not have the severe erosion
potential as would removal ol soil. Some replanting

of alder from seeds contained in chippings could be
realized. Alder should be considered for replanting
siide siope since the slide area presently maintains
alder growth well.

Chemical Cover

Purpose

o Determine suitability of chemical vegetative
cover at the Holden Site.

investigation

o Investigation and conclusions were accomplished
by ORB and Consultant, Karl Dean, former U.S5.B.M.
Mining Engineer.

Conclusion

Chemical stabilization method will not provide a per-
manent solution.

Chemicals can, however, be applied directly to the steep
slope areas without grading.

The Y.5.0.M has tested over seventy (70} chemicals and
selected materials have been field tested.

| I I B B B R I B Bk B




Meetings were held with Mr. Ken W. Russell of the
Washington State Forest Land Management Center in
Olympia. Mr. Russell is an expert on peat bog
plant varieties which survive very high acid con-
ditions. ORB obtained list of non-bog plant ma-
terial which can survive these conditions.

From investigations of species common to both the
Holden area and highly acid peat bog material, we
found that Lodgepole Pine, Western \(hite Pine, and
English Spruce grow in both areas.

Researched tailings rehabilitation work at the
Bunker Hill Mine, Kellogg, ldaho, where suc-
cessful plant establishment on tailings in-
volved hydroseeding adapted grasses with or-
ganic mulch, lime and fertilizer. Mini-terraces
were used on steep slopes.

Conclusions

A short growing season and continuous wind blow-
ing across the tailings present problems in es-
tablishing an overall vegetative cover,

irrigation will be necessary to provide needed
moisture during the initial establishment period
and first two summer seasons. The use of low dis-
charge sprinkler heads with close spacing (40 x 40)
is necessary in order to get effective coverage
without over irrigating the piles.

Organic matter should be added to tailings
material to establish a suitable planting bed.

Tree establishment areas should have an uncon-
taminated soil cover at least 3 feet deep. Amend-
ments should be added to tailings material under
the uncontaminated soil to a depth of 2 feet.

Trees and shrub vegetation over the tailing piles
should cover from 10 to 25 percent of the pile
area,

2-20

A fall planting season is possible if done early
enough to allow good seeding establishment; and if
an early planting deadline is missed, an alternative
would be the planting of barley or rye as a cover crop
to provide spring erosion control.

Hydroseeding will be necessary on areas inacessible
to drill planting and should include Coherex { a chem=
ical used to control surface erosion and prevent ''sand
blasting'' of plant materials) as an additional erosion
control measure. Rigorous supervision and coordina-
tion of the revegetation program by plant material
specialists will be necessary.

SYide Area Alder

Alder from slide area could be chipped and spread over
portions of pile. This would not have the severe erosio
potential as would removal of soil. Some replanting :
of alder from seeds contained in chippings could be
realized. Alder should be considered for replanting
slide slope since the slide area presently maintains
alder growth well,

Chemical Cover

Purpose

o Determine suitability of chemical vegetative
cover at the Holden Site,

Investigation

o lInvestigation and conclusions were accomplished?
by ORB and Consultant, Karl Dean, former U.S.B.M.}f
Mining Engineer.

Conclusion

Chemical stabilization method will not provide a per-

manent solution.

Chemicals can, however, be applied directly to the steepl
slope areas without grading. :

The U.$.B.M has tested over seventy (70) chemicals an
selected materials have been field tested,




Ligno sulfonates which are produced here in the Pacific
Northwest as a by-product of the forest industry and are
effective as chemical stabilizers in many areas. They
are, however, water soluble and highly susceptible to
short 1ife (less than one year) under damp conditions,
Water soluble type chemicals should not be used at Holden.

Coherex, TC 1842 (Paracol) Hercules (biobutadiene) Dow
M-166 can all be used as a chemical - vegetative stabili-
zer., Coherex, a resin base material, has been used effect-
ively on several sites and in one application in Colorado
the protection is still effective after § years. However,
chemical stabilization of tailings is not completely proven.

Chemical stabilization requires the transport of large
quantities of liquid chemicals to Holden. The logistics
are difficule.

Recommendations for Conceptual Design

As a result of our investigations, literature research,
laboratory tests, conclusions, and project analysis, we
recommend the following:

Recommendations on Surface Water Erosion

o Surface water from area above tailing piles
should be diverted to Railroad Creek before
it flows onto piles.

o Any surface ponding should be sealed to prevent
infiltration of water through piles.

o Rainfall and snowmelt on area of piles should be
diverted off piles and away from their outer edges
in the most expedient manner,

Surface water erosion does not appear to be a major con-
tributor to pollution except during spring runoff., This
erosion should be reduced by placing protective covering
on the tailing piles.

Existing decant systems provide a route for water to enter
tailing piles. This system does not provide a positive
method of draining piles. We recommend that the decant
towers and drainage system be sealed and that the surface
water be either drained as rapidly as practical from the
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tailing pile surface or provide an impervious cover
over the tailing piles,
ever, is highly impractical,

8. Recommendations on Tailing Pile Stability

An impervious cover, how-

o}

Slopes of tailing piles may be graded to a
flatter slope. However, grading operations
should not disturb the toe of piles. (In-
terface of toe tailing material with origi-
nal ground). If oxidized crust is removed,
positive slope protection must be applied
to prevent heavy erosion.

Construction of revetment structure or grad-
ing operations should allow drainage of the

tailing pile toe. It is imperative that the
phreatic surface not be increased.

A filter material must be installed between
the tailing material and the stream during
the construction of stream bank protection
piping of the tailing fines through the
revetment,

Protect the toe of tailing piles from under-
cutting by stream action during a 50-year
storm runoff. Provide 3-foot free board.
Creek should be kept clear of debris and all
over-hanging trees on north side of creek
should be cut down and removed.

Divert west channel of Copper Creek into
main channel to prevent undercutting of tail-
ing pile No. I. This channel carries about
25 percent of the flow in Copper Creek.
Stream improvement will be required to keep
the main channel in its present location.,

Relocate Railroad Creek at two locations:

1. at intersection of Railroad Creek and
Copper Creek for a distance of 510 feet
downstream. The revetment needs to be
widened to facilitate access at base of
piles and the regrading of the adjacent
tailing slopes, and to provide for a




bank protection structure, the chan-
nel could be relocated northward,
Recommend that the relocation not
exceed 40 feet northward and that
resulting channel length equal or
ceed the present length.

the
ex-

2. at tailing pile Ne. 3, move stream
over approximately 10 feet to the north
to accomodate bank protection.

C. Recommendations on Water Pollution

o Polluted water should be prevented from enter=
ing Railroad Creek.

o Drainage from the mine portal shouild be flowed
through a channel with crushed limestone to
increase pH and alkalinity and precipitate
out the heavy metals,

o Recommend that a long term test be conducted
to determine the quantity of limestone required
annually to treat polluted water flowing from
the mine portal. Also consider use of a reten-
tion pond with steel or aluminum added to assist
in precipitation process.

(Karl Dean, ORB Consultant, indicates that tests
in Lynx Creek, an Arizona stream, have proved
successful but no measured values for the quan-
tities of required limestone or metal additives
are available. Since logistics for moving lime-
stone to Holden are so great, and because treat-
ment of the mine portal will be required over an
indefinite period of time, determinaton of annual
limestone costs are particularly important.)

Recommend that Forest Service take required action to ob-
tain an opinion from EPA concerning treatment of polluted
water during period of rehabilitation, construction and
plant establishment,

F.
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Recommendations on Aerial Particulate Pollution

Aerial pollutants can be prevented by chemical :
soil 'stabilization or vegetation plantings on the?
tailing piles. Irrigation during the summer months |8
would help insure success. Vegetation would also;
function well in dissipating rainfall and snowmelt3{}

Recommendations on Vegetative Rehabilitation of

Tailings
Planting Media

Recommended Quantities of Fertilizer and Lime
on Oxidized Tailings without Organic Material

¢

Material Quantity/Acre Total on 90 Acres

Fertilizer

34-0-0 60 Lbs N 7.95 Tons
0-44-0 125 Lbs P 14,2 Tons
0-0-60 90 Lbs K 6.75 Tons
L ime* 15 Tons 1,350 Tons

Fifty percent of lime should be agriculture grade, 1
50 percent of lime should be course material. This|}
will allow for both immediate and residual acid 19
neutralization. One ton per acre shall be dolomit
or the entire quantity equivalent to amount of
magnesium found in one ton of dolomite lime.

Recommended Quantities of Fertilizer and Lime on

Oxidized Tailings with Rock from Waste Piles &k - 6

inches Deep over Surface {fines, less than one

inch diameter).




Material Quantity/Acre Total on 90 Acres

Fertilizer

34-0-0 60 Lbs N 7.95 Tons
o-4h4-0 125 Lbs P 14,2 Tons
0-0-60 None None

Lime* 10 Tons 900.0 Tons

Oxidized tailings with rock fines or coarse
rock where no vegetation is desired - apply no
fertilizer or lime - apply only on flat areas
of site.

Recommended gquantities of fertilizer and lime on
grey tailings on areas where oxidized surface is
removed, These areas will be in locations where
material excavated below 5 feet is deposited

Material Quantity/Acre Total on 90 Acres

Fertilizer

34-0-0 60 Lbs N 7.95 Tons
o-44-0 125 Lbs P 14.2 Tons
0-0-60 None None

L ime* 10 Tons 900.0 Tons

*0One-half fine material; one-half coarse (grit)
as defined above.

Annual Fertilization

Ist spring after grass is established, apply 150

pounds per acre of 18-46-0. Annual applications

during next 2 to 5 years based on visual examina-
tion and soil tests.

Recommendations on Plant Materials

Plant Materials List:
for planting at Holden,

Suitable adapted species
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Grasses to grow in the mine tailings
The list is based on varieties which are now
succeeding, with amendments on the tailings:

Tall Fescue

Crested Wheatgrass

Hard Fescue

Regar Brome

Reubens Canada Bluegrass
Tall Wheatgrass
Intermediate Wheatgrass

Coniferous Trees from Holden Area

Seeds to be cullected within the immediate en-
virons of the tailings and grown at an off-
site nursery for later transplanting into pre-
pared soil beds on the tailing piles.

Ponderosa Pine
Engleman Spruce
Lodgepole Pine
Western Red Cedar
Western White Pine

Local broadleaf trees and shrubs to add to

conifer mix:

.Alder species

Box Wood
Ceanothus Spreading dogbane
Hybrid Poplar Willow

Vine Maple

Caragana

For added seasonal color, such plants as oxeye
daisy, fireweed, honeysuckle, and elderberry
may be planted.

Special effort should be made to obtain adapted
species. Availability of seed of selected spe-
cies will govern actual planting. Efforts should
be made to collect seed of native tree and shrub
species from Holden Village area. Irrigation

is essential for any vegetation plan.




Recommendations on Stream Rehabilitation

After the pollution problems have been brought
under control, it is recommended that a more fav-
orable habitat for cutthroat trout be created.

This could be accomplished by the installation of
several gabion weirs across the creek in the reach,
from above the tailings piles to two or three miles
downstream of the tailings. Such structures would
significantly increase pool and riffle habitat,
which trout prefer, and thereby increase creek
carrying capacity.

Gabions could be filled with crushed rock and lime-
stone, the latter aiding significantly in reducing
the toxicity of copper that might enter the creek.

(See long term lime test recommended under mine
portal pollution). *

Several sills could be placed along Railroad Creek
to provide resting areas for the fisheries. This
could be examined in greater detail in subsequent
investigations if such a measure is considered
desirable.

Recommendations on Sewage Lagoons

Recommend that Holden Village place all sewage la-
goons on Pile No. 1, and that the lagoons be placed
back from the edge of the pile, approximately 150
feet. Sewage lagoons must be lined to prevent in-
€iltration through tailings but will not interfere
with recommended solutions.

2-24

Step 2

Holden Brainstorming Session
Purpose:

The Holden Brainstorming session was for the
purpose of identifying the design teams' con-
clusions and preliminary recommendations which
had been determined during the Step 1 Litera-
ture search and field investigations. After
each team member had summarized his findings,
the team was divided into two groups. One to
deal with physical engineering considerations
and the second to deal with the vegetative
considerations. Each team had the following
tasks:

o ldentify pollution problems

o Identify pollution sources

o Define solution

o 1temize pros and cons of each solution
During the second day of the team meeting, mem=
bers of each team exchanged views and discussed
the various solutions. The above process pro-
vided each specialist with an overall under-
standing of the entire project.
Step 3 Determine Four Design Alternatives

and prepare a presentation to the Forest
Service.

In order to communicate the conceptual design
and facilitate an understanding of the various
complex interrelationships of the pollution pro-
blems and proposed solutions, ORB has prepared
a network of alternative design solutions for
the rehabilitation of the Holden mine tailings.
A study of this network will provide the reader
with a comprehensive understanding of the pol-
lution problems, the pollution sources, and the
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AREA CHARACTERISTICS

Topography: Holden, Washington, at an eleva-
tion of 3,209 feet, is situated in Railroad Creek
Valley, an east-west valley Intersecting the
North Cascade Crest. The Valley floor rises from
1,100 feet at Lucerne on Lake Chelan to 9,500

feet at the summit of Bonanza Peak at the north- -

west end of the valley.

Railroad Creek Valley was carved by glacial
action, giving it a long narrow shape with the
valley walls flaring up at steep angles. It

is approximately 1200 to 1500 feet wide at Holden
Village and 16 miles long.

Geology: The Holden Ore Body occurs within a
mineralized shear zone in metamorphosed sedi-
mentary. rocks. The enclosing rock is a quartz
amphibole schist of the Buckskin formation pro-
bably of pre-Ordovician age. Mineralization
occurred along the shear zone by selective
replacement of amphiboles in the host rock and
was controlled by structural features. Mine-
rals present in the ore zone include quartz,
pyrrhotite, pyrite, chalcopyrite, sphalerite,
and gold; the latter three being the impor-
tant commercial minerals.

A variety of igneous rocks may be observed in the
area of the ore body. The mineralizing solutions
which account for the ore body probably issued
from one or more of the igneous implacements in
the general area.

While the absolute geologic age and chronology
of the complex central core of the Northern
Cascade Mountains is not definitely known, it is
reasonable to assume that the host rocks of the
Buckskin formation probably are pre-Ordovician

and, therefore, roughly 400 to 500 million years
old. They were originally deposited as marine
sandstone, limestones, and shales. These ancient
sediments were deformed into mountainous folds and
intruded by granites approximately 150 million
years ago. Erosion reduced these ancient mountains
to a surface of low relief which gradually sank
below sea level and the mountain roots were bur-
ied beneath Cretaceous and younger sediments.

In the late Tertiary time (probably Pliocene or
Miocene time, less than 15-million years ago) the
area was again subjected to mountain building
movements. This mountain=building disturbance
uplifted the previously folded area and subjected
it to a new cycle of erosion exposing the ancient
core of the Cascades. During Pliocene and Pleis-
tocene time (perhaps only a million years ago)
mountain-building movement concentrated to the

- west along the present Pacific Coast forming the

Coastal Ranges of western Washington and Oregon.
The central core of the Cascade Mountalins was
uplifted and broken by faults. In these areas,
crustal adjustment is still taking place as
witnessed by the earthguake which disturbed Holden
Village in July, 1964,

During the glacial advances of the Pleistocene,
ice filled the river valleys and began to flow
down the valleys under the force of gravity.
Within the last 500,000 vears, glaciers formed in
the high mountain areas and moved down the valleys
three and possibly four times. The intensity of
the glacial movement through the canyons of the
Northern Cascade Mountains gouged out lakes like
Lake Chelan whose fjord-like canyon was deepened
to below sea level. Railroad Creek Valley con-
tained a glacier which fed into the ice mass
moving through the Lake Chelan trough. This
concentrated flow of ice greatly modified the




shape of the original stream valleys by sculp-
turing them into U-shaped canyons with over=
steepened walls. Present streams enter along
the sides by cascading over the ice-scoured
canyon walls.

The last glacier to occupy Railroad Creek
Valley probably melted out about 10-thousand
years ago. Recessional moraines are irregular
deposits of unsorted rock left by the retreat-
ing ice mass. One of these crosses Railroad
Creek Valley at the position of the Holden town
site and was chosen at the building site for
the mill and other mine buildings.

Reference: ''The Mine, Holden Village', by
Rudolph W, Edmund, Augustana College, Rock
Island, t1linois, 1967,

Soil Characteristics: Four broad categories
of soils occur in the Holden Area, they are:
alluvium, colluvium, and glacial till, nor-

mally referred to as transported soils, and

residuum, a soil formed in place.

Alluvial soils are found in the Railroad Creek
Valley bottom. They are composed of stratified
gravelly and cobbly loamy sand and sandy loam
material. Generally they are more than 10 feet
deep and range from excessively welldrained to
pooriy-drained. They are subject to flooding
and stream channel erosion,

The colluvial soils generally occur at the base
of snow chutes or below steep exposed rocky
areas, Often these soils are underlain by gla-
cial till material, The colluvial soils are
characterized by a heterogeneous mixture of
angular rock (gravel and cobble size) and soil
material. The amount of rock is variable but
often is more than 40 percent by volume. These
soils are generally 3 to 10 feet deep and are
usually well to somewhat poorly drained.

Hydrology: Holden, Washington is located in the

Glacial till soils underlie both the alluvial and
colluvial soils and extend well up the valley
walls. This material is characterized by being
many feet thick (generally more than 10 feet) with
a compacted layer 3 to 6 feet below its surface.
The upper 3 to 6 feet is reasonably uncompacted.
Both the uncompacted and compacted soils have
large volumes of rounded and semirounded gravel,
cobbles, and stones; the mixture is extremely
heterogeneous. The upper uncompacted soils are gene-
rally well to excessively well drained sandy loams,
This material is considered to be stable; however,
lateral water movement does occur between the
contact of the two materials, and in some cases,
will cause piping if roads are built through this
material.

The residual soils are soils formed in place (not
transported by jce or water) from bedrock materials.
In the Holden area, these soils occur at the

higher elevations, above the area affected by
glaciation.

Railroad Creek Valley Drainage Basin, a geographic
area encompassing some 64.8 square miles. Approxi-
mately 49 percent of the basin area is in the Gla-
cier Peak Wilderness, although Holden is just out-
side its eastern boundary.

Railroad Creek, some 18 miles long, is the major
stream draining the valley. It flows from Lyman
Lake (fed by Lyman Glacier} located 7 miles

upstream from Holden. Railroad Creek contributes

12 percent of the annual discharge into Lake

Chelan. Lake Chelan is the second deepest lake in
the United States, some 1,500 feet deep and 55 miles
long.




Climatology: Climatological records were
kept at ﬁoiden from 1938 to 1957, during
operation of the Howe Sound Mining Company,

and from 1961 to present by Holden Village
Inc.

The climate at Holden, Washington, is di-
rectly influenced by its geographic loca-
tion on the eastern slope of the North Cas-
cades and the prevailing westerly winds,
Winters here are moderately cool, with temp-
eratures often staying below freezing for
several weeks. Zero and below temperatures
are occasionally recorded in January. Cold-
est temperatures occur when cool air from tf
Canadian interior spills over the Rocky Moun-
tains into the area.

Precipitation averages 35 inches per year at
Holden. Approximately 77 percent of it is in
the form of snowfall, generally occurring

from early November to mid-March, The first
traces of snow normally are recorded in Octo-
ber and occasional snow flurries are recorded

as late as May.

Snow depth at Holden generally reaches 1 to

2 feet in November, 2 to 4 feet in December,
3 to 6 feet in January, and 4 to 8 feet plus
in February and March. The maximum snow pack
recorded was 14 feet-2 inches (170 inches) in
early March, 1956. Total snow melt in the
Railroad Creek Valley area normally occurs in
May, with higher ridges holding snow until
early summer. The adjacent mountain peaks
remain snowcapped during the entire year.
Summer weather is mild with afternoon tempera-
tures ranging in the low and mid 70's.
Temperatures in the 80's are frequently re-
corded in July and August. However, on most
summer days, a cool mountain breeze begins

1
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blowing down the valley by mid afternoon; by
sunset, the breeze generally abates. Accompanying
these midafternoon breezes is the frequent forma-
tion of cumutus clouds along the crest of the North
Cascades, and an occasional thunderstorm.

Average number of cliear days per month:

winter 5
spring 10
midsummer - 20
early fall 12-15%

Visual Characteristics: The area's landscape is a

distinctive "Class A" area as classified by the
U.5.D.A., Forest Service Visual Management System
with a diversity of land forms including sharp
exposed ridges, large dominant peaks, outstanding
avalanche chutes, talis slopes, and rock outcrops.

The vegetation patterns exhibit a high degree of di-
versity and scenic value. The area is primarily
vegetated with old growth conifers and accented by
smailer deciducus trees, shrubs and grasses. Lake
Chelan, the longest lake in the State of Washington,
is located between vertical rock walls rising many
hundreds of feet at the water's edge. Railroad Creek
and its tributaries drop rapidly over falls and rapids
to Lake Chelan below.

The characteristic landscape in the vicinity of the
project is predominantly '"natural'’; vegetated, scenic,
with frequent vistas of lakes and mountain peaks.

This area is also one in which the sensitivity level
is high; a level 1 as classified by the U.S.D.A. Vi~
sual Management System. Certainly the importance of
maintaining the characteristic Forest landscape is
highly important. Little modification of the char-
acteristic landscape should be tolerated. Railroad
Creek has been proposed for classification as a scenic
area in the draft environmental statement for the
Chelan Use Study on the Wenatchee National Forest.




The Holden mine tailings appear as an obtrusive
and foreign element Tn the characteristic land-
scape. The form (scale) and color of the tail-
ing piles make them visually dominant when viewed
from the Holden Village area, and at best, visually
irritating when viewed from upland trails. They
are an anachronism in a dominantly distinctive en-
vironment. They are a landscape feature; which,
because of their location, appearance, and nega-
tive characteristics (sources of air and water
pollution}, are strongly deserving of rehabilita-
tion.

Historic Characteristics: The Railroad Creek
drainage was the scene of considerable minerals
prospecting around the turn of the century.
Holden Mine was the only property developed to an
any great extent. The mine has been inventoried
as a historic site but has not yet been evaluated
for its potential for nomination to the National
Register of Historic Places.

Unti] Holden Mine is evaluated, its potential his-
toric value must be protected. The Historic Pre-
servation Act of 1966 and Executive Order 11593
(1971) direct Federal Agencies to take no action
which would destroy or substantially alter a
National Register property or a potentially -eligible
property until the Advisory Council on Historic
Preservation has been provided an opportunity to
comment on the proposal.

The U.S.F.S5. should take immediate action to ob-
tain an opinion from the Advisory Council on His-
toric Preservation as to the historic value of
the Holden Mine and/or the tailing piles. Con-
struction effort on the piles cannot be initiated
until this decision is made.
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Conceptual Design Analysis: During the prepa-

ration of this conceptual design, the ORB team
has accomplished their work in six separate steps:

o Step 1 - June 9 through July 16
Project Familiarization
Literature Search
Field Investigation
Data Analysis

o Step 2 - July 17 and 18
Holden Brainstorming Session

o Step 3 - July 19 through August 12
Determine four design alternatives
and prepare presentation to U.S5.F.S.

o Step 4 - August 2
Present alternative plans to U.S.F.S.

o Step 5 - August 18 through September §
Preparation of preliminary conceptual
plan

o Step 6 ~ September. 25 throuah October 3
' Preparation of final conceptual plan

In order that the U.S.F.5. may gain an insight
into the ORB design analysis, we have outlined
below the significant events and findings of our
investigation which has lead us to the develop-
ment of the Network of Alternatives Design Solu-
tions and our specific Concept Design recommenda-
tions,

Step 1:

Project Familiarization
Literature Review

Field Investigation
Data Analysis

Geotechnical Investigation

PurEose

1. Determine erosivity characteristics of
tailings

2. Determine tailing pile dam and slope
stability with recommendations concerning
grading of piles

3. Determine tailing pile permeability

Field Exploration

12 hollow-stem auger boring were drilled at loca-
tions shown on Resource Inventory Map, Page 2-5.
Borings ranged in depth from 36 feet to 100 feet.
{840 L.F. Total)

Disturbed samples were taken at various intervals
using split-spoon sampler,

Undisturbed samples were taking using shelby tube
method.

Field classifications determined consistency of fine
grained material and relative density of coarse
grained material. Water content was estimated and
color noted.

Permeability tests were performed near the surface
of tailing piles at five (5) of the boring loca-
tions.

Four backhoe test pits were excavated between Rail-
road Creek and the Holden-Lucerne road.

Surface samples of both the wind blown fines and
the cemented tailing surface material were taken
at 400 foot intervals around the perimeter af the
ptles.

2-1
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Logs of the exploratory borings have been pre-
pared and are presented in appendix.

Laboratory Jests Performed

1. Disturbed split spoon samples. Lab-
oratory classification
191 samples

2, Undisturbed tube samples. Labora-
tory classification
14 samples

3. Mechanical analysis minus 5/8' washed
samples
10 tests

4. Hydrometer analysis
17 tests

5. Consolidation test
2 tests

6. Direct shear (3 points)
7 tests

7. Atterberg limits
10 sample tests

B. Moisture density relationship
l test

Conclusions

Grain Size - Stratigraphy of piles reflects layer-
ing of coarser grain silty fine sand (approxi-
mately 40 percent finer than the No. 200 mesh

sieve (0.075 MM) with finer grain sandy silt or

silt {approximately 90 percent passing the No. 200
sieve). Borings noted an increased incidence of
-interlayed silt sized tailing, near center of piles.

Plasticity - Tailing materials are nonplastic.

Density - Average in-situ wet and dry density -
116 pcf and 92 pcf respectively, The determined
maximum dry density is 112 pcf at an optimum mois-
ture content of 13 percent (modified proctor pro-
cedure ASTM D-1557-70).

Relative density by Standard Penetration Test
numbers (N) 0.4 to 0.5 (medium dense material).

Moisture Content ~ General water content is 15 to
30 percent with a mean value of 25 percent,

Saturated moisture contral at maximum dry density
is 20 percent assuming a specific gravity of 2.8
(modified proctor - ASTM D-1557-70). Finer grained
silt material has an average moisture content 10
percent above coarser silty fine sand.

Shear Strength -

Effective cohesion
characteristic tailing
material 0.0 to 75 psf
Oxidized layer at surface
of pile 240 psf
Angle of internal friction -

coarser material - 34°

finer material - 38°

Consolidation - Average coefficient of consolidation
is 2.4 square feet per day. Density of tailings
does not significantly increase with depth or time.

Permeability - 1.63 to 4.40 x 1073 cm/sec. (medium to
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low permeability.) Finer silt material would re-
strict downward movement of water but ponded water
would infiltrate into tailing materials.

Ponded water on piles is caused by settlement
of silt and clay sized particles to the bottom
of ponds. Clogging intergranular voids of the
tailings. The resulting reduction in permea-
bility causes ponding on surface of piles.

Erocsional Characteristics - Tailing material
is highly susceptible to erosion by wind and
water.

Wind blown material has been measured 500
feet downstream of piles in amounts of over
3,000 pounds per acre. See Page 2-19,

Tailing material moved by saltation on the
down valley side of tailing piles has in-
creased considerably during the period from
1963 to 1975.

While the tailing material is highly suscep-
tible to erosion by water, the top oxidized
crust prevents rain and snowmelt from erod-
ing and deep cutting the tailings.

Major concern is to eliminate the possibility
of drainages forming which would cut the out-
side slopes of the piles. Any break in pile
surface would cause rapid down-cutting of the
piles. Tailing ponds are presently drained
by decant towers and internal drainage sys-
tem. A blockage or failure of this system
could result in heavy erosion of the piles
similar to the 1946 washout of pile No. 3.

Greatest concern for erosion of the tailing piles
is from undercutting of the toe of piles by stream
action. A velocity of only 30 cm/sec. is needed
to start eroding the tailing material.

Stability of Tailing Piles

The phreatic surface {water level) is consistently
about two feet above the interface of the tailing
with the original ground surface indicating nominal
seepage pressure within the piles.

Susceptability of the tailing piles to liquefaction
is low.

The tailing piles are relatively stable in their
present condition. Flattening of slopes of tail-

ing piles would improve the long term stability of the

piles.

Limes tone Deposits

Pureose:

Determine if a source of limestone exists near the
Holden area.

Literature Search

Limestone Deposits = A literature search revealed

a '"Division of Mines and Geology'' publication bul-
letin No. 52, limestone resources of western Wash-
ington. This publication identified four (4) 1ime-
stone deposits in the vicinity of the Holden mine
tailings.
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Limestone deposits in the Lake Chelan Area.

Holden Area

Limestone has also been reported to occur on the
south slopes of Martin Peak two miles northwest

of Holden. A similar deposit is reported on north
and east slopes of Buckskin Mountain south of Holden.
Both areas are within the existing YWilderness.

No field investigation of these limestone

sources were made as a part of this study. 21
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Soi]l Chemistry

Purgose:

o Evaluate USBM planting plots

o Evaluate planting media in tailing piles

0 Evaluate mine waste piles and slide talus
slope for possible borrows area for obtain-

ing uncontaminated s»il material.

Field Exploration

On June 7, 1975 through June 9, 1975, Surface
Samples ranging in depth from 10 inches to &4
feet were taken at various locations on the
tailing piles, the mine waste piles, and the
surrounding area. See location map Page 2-5

During the geotechnical subsurface investiga-
tions, samples were taken at 2.5 foot intervals
for the first 10 feet with additional samples
taken at 5-foot intervals to bottoms of holes
for later chemical analysis.

During the Step 2, July 17 meeting at Holden,
additional samples were taken for analysis.

Laboratory Tests Performed

Laboratory tests were performed by the Washing-
ton State University Department of Agronomy and
Soils laboratories on the following samples:

Surface Samples taken
June 7 through June 9, 1975

28 Standard Soil Tests
28 Salinity Tests

A
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5 Zinc Tests

5 Copper Tests

5 Manganese Tests
5 lron Tests

Surface samples taken during
geotechnical subsurface investigations

47 Standard Soil Tests
47 Salinity Tests

Surface samples taken
during July 17th Holden Meeting

11 Standard Soil Tests
11 Salinity Tests
2 Base Saturation Tests

Laboratory tests were also made at the
USBM Utah office for total sulfur and sul-
fate. .

11 Sulfur and Sulfate tests

Conclusions

Soil chemistry analysis of USBM test plots using
1974 test data (one year after plant establishment)
show the following:

The soil pH of the tailings material is 2.9 to 3.5
indicating a highly acidic condition. Plant ma-
terials are unable to sustain growth in this soil.

Highest pH readings were found where 15 Ton/Acre
lime was added, all test plots were similar as
relates to organic material, P and K. Larger
amounts of calcium and salts were found in those
plots in which lime was added. The presence of
salts indicate that rapid weathering and neutrali-
zation of lime had occurred. Soil pH has dropped
since 1973.

Soil chemical analysis of USBM test plots were
also made from 1975 test samples. These test data
indicate that:

Rapid neutralization of lime is occurring. For
example, test plot No. 2 treated with 5 tons of

lime per acre decreased in pH from 4.4 (1974) to
3.4 {1975); just slightly above original tailing pH.

Test plots where milorganite had been added main-
tained higher levels of phospherous and organic
material buffered the pH changes from 1974 to
1975. For example, test plot No. 5 showed a
slight decrease in pH from 4.8 (1974) to 4.7 and
test plot No. 6 showed a slight decrease in pH
from 3.9 (1974) to 3.7 (1975). These results show
the need for organic matter in the growing media.

The reduction of salts between 1973 and 1975
suggests that there has been leachate action
down through the piles.

High extractable copper and Zn may be toxic to
plant material if pH is allowed to drop too low.
No such problem is anticipated for Mn and Fe.

Samples 1b through 8b were taken at 10 to 20
inches below the surface. These tests show

that in areas below 10 inches, the pH of tail-
ings has not raised above the original 2.9 - 3.5
range. Limited root growth below 8 inch depth
confirms the low pH. This area is relatively high
in salts, and suggests that water action has moved
salts downward out of root zone. Samples 9 and 10
taken at 3 feet and 4 feet below the surface
respectively, show that calcium and salts are moving
down,




In 1974, the U.5.B.M. applied 22 tons/acre of coarse
limestone on plots along the road going through tail-
ing pile No. 1. Sample 11 {1975, pH 4.1} was taken
in an area of grass growth, whereas sample 12 was
bare. |t appeared that some benefit was obtained
from the coarse material. However, fine material
must be added to insure a more rapid increase in pH.

Evaluation of Rock Piles

Samples 13 and 14 were taken from the top of the
east mine waste rock pile. These results show that
the material is sufficiently high in pH, K, and Ca
to consider as planting media on the tailings.

The absence of growth on these piles is probably
due to the adverse moisture conditions.

Slide Areas

Sample 16 was taken from an alder-growing area
below the old mill, (This was not a slide area).
Analysis show good pH and organic material., This
area would not likely provide any quantity of

top soil. Sample 17 is a small slide area on
tailings pile No. 1. pH and organic material are
adequate, The majority of slide area material a-
bove pile No. 2 is represented by Sample 19. Soil
pH and uncontaminated soil material are very suit-
able and would provide a good environment for re-
vegetation is placed at the tailing surface.

Evaluation of Grading Operations

Soil samples from tailing pile Nos. 1, 2 and 3

were taken by Hart Crowser Associates, lnc. between
6-12~75 and 6-17-75. Surface pH of B-1 appears

to be unaffected by depth whereas salts increase
with depth. Sample B-3 shows a pH increase with
depth which is probably due to the decreased rate
of weathering at the lower depths. These data
suggest no serious salt deposition with depth
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that could present problems when this area is
leveled. However, salts at lower depths {(B-1, 22.5
to 24') could present problems if this material
were allowed to be deposited at the surface.

High salt values throughout tailing pile No. 2

(B-4 and B-5) raise serious questions as to the suita-
bility of this material for revegetation. It would
appear that salt seepage must be coming from other
areas on the pile. Boring B-5 has higher pH's at the
lower depths with a high salt value at 10 - 11,5

feet.

Leveling of pile No. 2 in the spring would fur-
ther antagonize the salt problem since salts would
move upward during the summer. Fall leveling would

be preferred.

In pile No. 3, high salt values at 5 - 12 feet(B-6)
suggest a seep area from the pile. Borings B-7

and B-8 have lower values. Salt values in B-7 and
B-8 are tolerable for plant growth providing that a
minimum of upward movement occurs during the
summer. |rrigation would minimize this.

High salt concentrations appear to correspond with
fine textured tailings which causes..a perched
water table preventing salts from draining through

piles.

Borings 1-c through 8-c¢ taken July 17, 1975 at

a depth of 5 feet show a consistant increase in
pH, K and salts with depth. While the deeper
material is a more favorable pH for revegeta-
tion, total sulphur analysis at this depth is
generally higher requiring additional liming
material for neutralization. For this reason,
the oxidized top surface is a more desirable
tailing material for vegetation-planting media
as it represents a lower potential for acid pro-
duction. Total sulfur (S) and Sulfate (504)




indicates that considerable oxidation of sul- Hydraulic Studies
phur has occurred on the surface of the tail-

ings (see U.S.B.M. test results - Appendix) Purpose

The total sulphur from tailing pile No. 2 o Determine water volumes on top of piles,
sample taken from Boring 8-3 is higher than moving on to pile from local drainage
sampies from piles No, 1 or No. 3. It is not above pile and Railroad Creek.

known if this represents a real difference in .

total sulphur since the pile No. 2 analyses o Determine channel velocities.

were hased on a single sample.
o Determine water depths during 50~-year

Evaluation of Ponding flood.
Ponding over the years may be causing salt o Determine best method of bank protection.
seeps (leachate) out of the tailing piles. This
would be reduced by grading and drainage. Hold- Basic Data
ing ponds on the piles for water storage may
accumulate undesirable sait. It would be de- Precipitation at Holden
sirable to prevent water flow to the piles from
the hillside above pile Nos. 2 & 3. Diverting this Rainfall 5.5 inches
local runoff water would reduce the contamina- Snowfall : 29.9 inches {equiv.)
tion from the tailings and would reduce Snowmelt 27.0 inches on piles
leachate. : Snowmel t 24,0 inches local
drainage above
A sedimentation basin below tailing pile No, 3 piles
should be considered for the surface water run-
off if chemical stabilization is not used in con- Temperature {mean)
junction with vegetative treatment.
irrigation High 623 F July
Low 21~ F January.
Average 42° F Annual

If vegetative cover is selected, irrigation for
the first several growing seasons should be con-
sidered. Irrigating at slightly iess than evapo-
ration transpiration rate will allow for good
plant growth without the leaching of salts dur-
ing the summer. |If excessive salts are present
at the surface {possibly from lower deposits
after leveling)}, irrigation at a rate greater
than evaporation transpiration rate may be
necessary,

Discharge Railroad Creek - May 28, 1948

3900 cfs - 50-year flood
3000 cfs estimated 50-year flood for

Holden
Main truck bridge across Railroad Creek -

1948 flood - water reached bottom of
stringers

Stream slope at Holden - § = 0.02




Area of

tailing piles

Area on top

Area on steep
s lopes

Area at toe
between slope

of piles (all sides) and creeks
Tailing
Pile #1 15.3 Acres 9.3 Acres This area in-
cluded in the
first two
categories.
Tailing
Pile #2  31.1) Acres 11.3 Acres 1.8 Acres
Tailing
Pile #3 17.4 Acres 2.9 Acres .9 Acres
Sub-.
Totals €3.8 Acres 23.5 Acres 2.7 Acres
TOTAL AREA 90.0 Acres

Local drainage onto piles from area above

piles

Ratlroad Creek

(a)

(b)

Basin Size at Holden - 29 square

miles.

180 acres.

Basin Size at Lucerne - 64.8

square miles.

Background

Surface Water to Tailing Piles:

ing piles receive surface water from two

sources:

1.

Precipitation (rain and snow)
falling directly on the piles

The tail-

2. Rain and snowmelt draining onto
the piles from the hillside area
above the tailing piles.

The major portion of this snowmelt occurs
in April and May of each year.

Much of this water ponds on the tailing pile
surfaces and either evaporates into the
atmosphere or percolates down into the pile
substrate. A small percentage of this
downward moving water flows into Railroad
Creek in the form of leachate. Additional
water leaves the tailing pifes in the form
of runoff, causing erosion to pile surfaces
and slopes, and introducing tailings mater
ial into Copper and Railroad Creeks.

While precise information is not available
to determine the exact volume of water
reaching the tailing pile surfaces, a good
estimate of the volume is:

Surface water from area above the
tailings to the tailings piles

15,900,000 cu. frt.

Surface water from area on top of tailing
piles

6,253,000 cu. ft.

Surface water from slope areas of tailing
piles

2,600,000 cu. ft,




Railroad and Copper Creeks: Railroad Creek
is the major stream draining the Railroad
Creek Valley basin. |t is approximately 18
miles long and has an average gradient of
approximately 5 percent (a fall of 250 feet
per mile). This gradient is only 2 percent
at Holden. The source of Railroad Creek is
Lyman Lake (a glacier fed lake) at an ele-
vation of 5,600 feet. The stream flows in
an easterly direction and enters Lake Chelan
at Lucerne, Washington, elevation 1,100 feet.

The Railroad Creek drainage basin, at Holden,

comprises some 29 square miles of surface area.

lts basin size at Lucerne, 12 miles downstream
from Holden, is 64.8 square miles. Railroad
Creek supplies 12 percent of the annual water
discharge into Lake Chelan. The United States
Geological Survey maintained a water-stage
recorder on Railroad Creek approximately one-
half mile upstream from Lucerne, from 1911 -
1957. The yearly average stream discharge for
that time span was 147,500 acre feet,

The largest monthly runoff for Railroad Creek
occurs in June, and the April through July
runoff accounts for 12 percent of the total
yearly discharge from the drainage basin.

The North slopes of tailing piles 1, 2, and

3 abut Railroad Creek. During periods of
high creek runoff, undercutting occurs at the
bases of these slopes, eroding tailings ma-
terial directly into the stream course,

Copper Creek, a small stream, flows north
(off the south wall of Railroad Creek Valley)
and runs between tailing piles 1 and 2, where
it joins Railroad Creek. Holden Village ob-
tains its domestic water supply and hydro-
electric power from this creek.

Copper Creek divides into two channels just above

the tailing piles, the easterly one carrying 75 per-
cent of the stream runoff. The westerly channel flows
along the base of tailing pile No. 1 and during high
creek flow, undercuts the toe of this pile, washing
tailing material into the creek.

Conclusions

Channel Hydraulics

Railroad Creek channel velocities during flows of about
3000 cfs (the estimated 50-year event) are 9 to 14 feet
per second depending on the location along Railroad
Creek.

Water depths for the G0-year flood would vary from 5

to 7 feet. Using a 3-foot freeboard, the required height

of bank protection is 10 feet,

Bank Protection

Riprap

The following riprap bank protection is recommended:
Straight alinement 36 inches thick layer with weighted
toe Gradation

Max imum 1500 1bs.
75 percent 250 1bs.
30 percent 500 1bs.
10 percent 20 lbs.

Flow along curve and directed toward tailing pile no. 2
L8-inch thick layer and weighted toe Gradation

Maximum 1500 1bs.
75 percent KOO 1bs.
30 percent 800 lbs.
10 percent 20 lbs.




These riprap layers would be underlayed with
either a cloth filter or 12-inch thick gravel
filter. In areas immediately adjacent to the

tailing pile, the cloth filter would be required.

The riprap revetment will be keyed into river
bottom and the riprap surface will be tamped
with a heavy steel plate to key in the riprap
and provide a smooth face to stream flow.

Gabions

Polychloride coated gabion baskets would be
---itable for use for bank protection. These

bions are acid resistant and would hold up
in the water conditions at Railroad Creek.
These baskets would use small stone for filler
and require about half as much stone as riprap
structure.

Vertical Wall Structures or Cribbing

These structures could be constructed of con-
crete, steel, treated timber, or untreated cedar
logs. However, steel will not withstand the
chemical action of the tailing piles and a
treated timber or log revetment is not as natu-
ral appearing as a rock revetment. In addition,
the availability of cedar logs in the quantity
required would present a logistics problem.

» 1ife expectancy of untreated or cedar logs

11d be less and their construction and main-
tenance cost more than the planned rock revet-
ment.

Interceptor and Drainage Swale

The drainage swale should have a 1 percent
grade and 4 to 1 side slopes or flatter. Maxi-
mum flows in the ditches are estimated to be

15 cfs.

2-11

Ecological Investigation

PurEOSe

o To ldentify types and sources of pollution
for alleged depletion of fish and other
aquatic life in Rallroad Creek.

o To study effects of tailings pollutants on
aquatic stream life.

o To recommend a means of preventing or at
least significantly reducing the introduc-
tion of pollutants into Railroad Creek.

o Recommend means of improving fisheries hab-
ftat in Railroad Creek after pollution
problem is under control.

Field Investigation

Samples of aquatic insects found were obtained

from five (5) stations In Railroad Creek from River
mile 10.2 (upstream tailings) to 0.0 at Lucerne.
Sampiing methods were the same as used by Pine
(1967) so that direct comparisons could be made.

Water samples were collected at various locations
on Railrcad Creek on three separate occasions.

Sources of Railroad Creek water pollutions that
were identified during field investigations are
listed under Water Pollution Sources.

See Resource Inventory One, Page 2-5, and Resource
Inventory Two, Page 2-17, for sample locations.
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STATE OF WASHINGTON
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DWM 05 COMMISSIONER
BERT COLE
Watunal Besoswrces e
BUFERVIBOR
BOX 168
OLYMPIA, WASHINGTON
98501
November 10, 1570 . . WENATONEE N F. RECD
fUpr- e B&F
0 as

.. cuFi Mr. Andrew C. Wright | f%éﬂ"/ 

- , Iu.maon U. 5, Forest Service
L1 3 South Wenatchee Avenue

Wenatchee, Washington 98801

Dear Mr. Wright:

Recently you received from our office a copy of a brief report entitled,
""Hoiden Tailings,'" by Gerald W. Thorsen. The 53-acre figure given in
this report was based on the most recent published information. Later,

unpublished information showed the tailings piles had been expanded to
cover 80 acres.

Please insert the enclosed corrected pages (2 and 17} into your copy of

!
N
m the report and discard the ones containing the outdated acreage figures.

Very truly yours,

BERT L. COLE
Commissioner of Public Lands
c s i y",;f/'v/z/’{/

BY Gerald W. Thorsen
Environmental Geologist
Division of Mines and Geology
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STATE OF WASHINGTON
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' D@,ﬁddfmemf ﬂ) ' commissionER
 Nartunal Resoances — —wion
BOX 168
OLYMPIA. WASHINGTON
28501 1;§/ TCHEE N. F, RHNE&F
'Ras.%
March &, 1970 !MAR 051970 ps....
‘lre c S PM...
| | Qec‘/" RBU...  WE.
Thl’...'{ WS...... Rgr‘j;r
4 ¢
-l -
Mr. E. W. Gano P ~
. s EfE
U. S. Forest Service o L RHELAN -
Wenatchee National Forest . T N v
P. 0. Box 811 RA T PCT
HARBOR
' @ Wenatchee, Washington 98801 ™ APR 23 1870 M
== Dear Mr. Gano: ) REHAS L

Enclosed is a copy of the report resulting from my 1967 visit to

\i,’, Holden. As it was out of the normal time of my job, it has obviously
suffered Iong periods of neglect during its stages of completion. Hope-
fully, it is not too late to be of some value to those directly respon-

sible for dealing with this problem. |f there is anythlng we, as ''out-
siders' can do (officially, or unofficially) to assist in your stream
erosion control efforts, please let us know. In the meantime, we would

appreciate being kept posted of developments regarding Holden.

m ‘ Very truly yours,

BERT L. COLE
Commissioner of Public Lands

. T (// -
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BY Gerald W. Tharsen
GWT :c0
tnciosure

_Environmental Geologist —
Division of Mines and Geology
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HOLDEN TAILINGS

By Gerald W. Thorsen

INTRODUCTION

Purpose and Scope

The Division of Mines and Geology of the Department of Natural Resources
has long supported the concept of "multiple use.” Basic to this concept is the need to
minimize the long-term detrimental effects of mining so as to not unnecessarily hinder
subsequent uses of the land. The purpose of this study was to investigate the basis for
public concern regarding the mill tailings piles left at Holden, Washington after the
closing of the copper mine there. This concern has ranged from casual comments by
hikers about the appearance of the tailings to published statements such as:

".... at the Holden mine where the tailings dump has killed the surrounding

vegetation and all the fish in the creek and is now starting to pollute Lake
Chelan." (THE MOUNTAINEER, April 1967, p. 12). A

"Hopefully, toxic chemicals will be slowly leached out and the piles of loose
debris overgrown before floods send masses of orange mud down to Lake
Chelon.” (Routes and Rocks, Crowder, D. F. and Tabor, R. W., 1945,

p. 188). ‘

| spent two days in June 1967 examining the tailings area. This examination
consisted of inspection by walking around and across the piles, toking photographs of
various locations of interest, digging shallow exploratory holes with a shovel, and
taking samgples for further study. A limited amount of soil testing was done on these
samples by the Washington State Department of Highways,

A brief summary of the milling process as well as o description of the waste
tailings themselves and their method of disposal are included in this report with the hope
that these details may help the engineer, forester, or biologist not fomiliar with ore

milling to deal with his particular aspect of the problem.
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History of Holden

In 1887 the Great Northern Railway was exploring possible routes across the
Cascade Mountains. A route location engineer, Major A, B. Rogers, noticed abundant
iron staining on the rocks about 14 miles up « stream, now known as Railroad Creek.
On his return to Seattle, he mentioned this to the Denny family, who gfubsfcked a
prospector to examine the area. The prospector, J. H. Holden, staked the first group
of claims in 1892. ' -
Numerous unsuccessful attempts to develop a producing mine were made over
a period of many yecrs_." both by stock groups and mqiér mining companies. In 1938,
the Chelan Division of the Howe Sound Company began production from the property.
From that time until the closing of the mine in 1957, o total of $66.5 million worth
of copper, gold, zinc, and silver was produced from approximately 10.6 million tons | .
of ore. At times, close to 500 employees worked to produce and concentrate as much
as 2,000 tons of ore a day.
In April 1961 the 15 patented claims were given to the Lutheran Bible Institute
of Seattle and were later transferred to Holden Village Incorporated. The latter organization
maintains the Holden townsite and runs it as « camp for'religious groups of all denominations.
The area used for tailings disposal, under “special use permit, " reverted back to the U.S.

Forest Service after abandonment of the operation.

Setting

The mine, tailings, and townsite of Holden lie about seven miles east of the
~Cascade Crest on the floor of the steep-sided valley of Railroad Creek. The elevation
is 3,200 feet, with peaks of more than 8,000 feet commen within a 5-mile radius. Pre-
cipitation at.Holden ranges from 19 to 45 inches, with a mean of 35 inches, and includes
a mean snowiall of approximaiely 25 fee.
The area is reached by boat from Chelan, to the seﬂ‘?lemen’r of Lucerne:_a
_ distence of about 40 miles. 1t is another 11 miles by narrow grovel road from Lycerne
to Holden., '
The tailings disposal site is located on Federal land, along the south bank of

Railroad Creek downstream from the mine area (see map, Fig. 1, and photo No. 1).

Over an area of 80 acres, opproximately 8 million tons of mill tailings are spread to a

maximum depth of cbout 130 feet.




gt : HOLDEN
SR oo VILL A
==
./‘-_H-‘ ’
i — g w

N

aste Dump R ' ‘% '
Waste Dump VM/_\d
TN . : Copper Creek o

HOLDEN: TAILINGS AREA ;\*
Reduced from U.S. Forest Service mop of Nov. 1963

0 ' s00' 1000’

T T X X X 3

.+ FIGURE 1

Sew

Mill Tailings Pite
No. 3

Wy,

-



[ -

e -

Photo No. 1.—Mill tailings pile number 1 with mine dumps in back-
ground, looking west, up valley of Railroad Creek. This pile was
partially hydrauliced (1947), remilled, and pumped underground as
sand fill. This operation was apparently responsible for presence

of tailings in the creek bank as no such condition exists along the
other tailings piles.

Oxidation of iron sulfide minerals has cemented the particles at the surface of
the tailings piles to o depth of at least 10 inches and stained them an orangish-brown
color {see photo No. 1). While this cemented material is quite erosion resistant,
accumulation of windblown material has built up over the years on the lee sides of
the piles {see photos 1, 2, and 4).

A small pond is present on tailings area 2 and more than one-fourth the surface
of area 3 is covered by a pond. These ponds, accumulating on the gently dished surfaces
of the tailings, occupy sites similar to the original settling ponds. They appear to be .
fed largely by small streams from the hillsides above and drain through the central

drainage system around which the tailings were built (see "Construction of tailings").



Photo No. 2. —East face of tailings pile number 2 viewed from surface
of pile number 3. Bank is about 75 feet high. Note wind deposited
material at angle of repose on this lee siope. Note aiso the willows
and unidentified brush rooted in talus material used as diking near
upper level of the dike. Thimble berry and o few conifers are present
at this same level on the other side of-the pile.

Froth Flotation Milling Process

The following description of the froth flotation treatment of ores to produce
concentrates for shipment to a smelter briefly outlines the procedure used at Holden.

To free the metallic sulfide minerals from the enclosing silicate mineral '
wall rocks, the ore is crushed and ground until &5 percent of it is small enough to
pass through a 200-mesh screen (openings of 0.003 inch, or about the size limit
between very fine sond and silt), The finely ground rock, now largely a mixture
of mineral fragments, comes out of the grinding stage in the form of a very thin
mud. This mud is treated with various chemicals and is agitated in tanks with beaters
as compressed air raises through the mixture in the form of fine bubbles. Some of the
chemicals added are atiracted to the metallic minerals but not to the worthless non-
metallic minerals. The metallic minerals, coated with this chemically induced water-
repeliant film, are attracted to the rising air bubbles which carry them to the surface
of the tank. Here, they collect in a muddy-looking froth that is skimmed off.
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Further chemical treatment and repetition of the "froth flotation™ operation is used to
separate the various metallic minerals from each other by floating one while depressing
the other. The froth is filtered of excess water and the metallic sulfide mineral concentrate
at this stage looks like a heavy damp sitt. This concentrate is shipped to the smelter for
treatment to separate the valuable metals from the sulfur and other waste matericls. The
bulk of crushed rock in the flotation operation does not float but remains in suspension
and is pumped out of the bottom of the tanks, through a long pipeline and into large
outdoor settling ponds.

The handling of this waste material or tailings from the mill at Holden is

discussed under "Construction of the tailing piles. ™

—_—_

E— — —— by,

The disposal of flotation mill tailings resolves basically into a problem of
moving (in o slurry form) the finely ground waste rock to a site large enough to permanently
store it and there separating the solids from the waste water by settling and decantation.
To maintain the settling pond on top of the ever-heightening tailings disposal site it is
necessary to continuously build up both the peripheral confining dike and the central
drainage system.

Initial preparation of the tailing storage areas at Holden consisted of building
an earthern-toe dam around the site cbout 8 feet high and 10 feet wide at the top, clearing
any marketable timber, ond constructing central vertical concrete overflow weirs connected
by 12-inch steel essentially horizontal drainage pipes to @ point outside the tailings v
storage site. These drainage pipes were covered with 3 to 4 feet of loose earth to prevent
their floating during initial tailings deposition.

The concrete weirs or risers are 2 feet by 2 feet 9 inches in cross section and from
10 to 20 feet high. They were initially open on one side for their full height, with this
side being "boarded up"” with 6 X 6's to regulate the depth of pond water as the tailings
built up. The weirs are connected with each other by 10-inch spiral-weld pipe with
Victaulic couplings. Before a lower weir was buried by tailings, it was capped by o
3/8~-inch steel plate upon which 4 inches of concrete was poured. Thus, tailings pile
number 2, the highesf, probably has at leost 7 concrete risers connected by as many

horizontal steel pipes conducting water from the pond on its surface.

*. Most details are from Zanadvoroff, 1946.
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The dikes that maintained the central settling pond, drained by these risers,
were built os shown in Figures 2 and 3. The double dike method (Fig. 2) was used
to provide extra storage capacity over the winter when it was impossible to build dikes
due to the heavy snowfall. Most of the diking was done with "thicksned” tailings from
which the bulk of the exireme fine mud-size particles were removed (see Physical
Characteristics). This enabled construction of @ stable dike at slopes averaging 0.8 to
1 or about 52 degrees (Zanadvoroff, p. 690).

During the later stages of use of tailings pile number 2 o dike of bouldery soil
(opparently about 10 feet high) was used (see Photo 2). Above this level tailings were
again used, but this latter dike appears to have been built by dozing the tailings into @

peripheral ridge rather than by the conventional construction previously deseribed.

NATURE OF THE TAILINGS

Physical Characteristics

A report on the disposal of mill tailings at the Holden -concentrator was made
by Zanadvoroff (1946} during the time the mill vas in operation,

Zanadvoroff (1944, p. 690) shows the size distribution of Holden tailings
particles to be as follows:

Percent
+100 mesh (> 0.0058 inch) ........ 8.0
+200 mesh (>0.0029 inch) ........ 26.9
+325 mesh (5 0.0017 inch) ..... ... 13.5
-325 mesh (£ .0017 inch) ........ 51.6

100.0

The Holden mill tailings were trected to remove most of the extreme fines (or
"slimes" to the extractive metallurgist). The remaining coarser material, which was used

for most of the dike construction, was of the following size distribution:

Percent
+100mesh .. vcvienennrnninnnanns i] .8
+200mesh ..vviiiiiiiriieniaans 47.6
+325mesh ...ttt 17.3
=325mesh .....iiviiiiiinenennn. 23.3
[00.©




ey

_ o

.

The other 40 percent of the tailings were 93.6 percent minus 325 mesh (smaller than
0.0017 inch in diameter).*

The iron sulfide minerals pyrite and pyrrhotite, being hard and brittle, break

readily into fine particles. It is these minerals in a finely ground state that make up
much of the black pigmentation in the finest grained layers of the unoxidized tailings
(see Photo 3). The thicker (as much as 2 inches) layers are light gray and are made up

largely of coarser silicate particles.

Photo No. 3.—Test pit dug 4 feet into tailings pile number 2
approximately 20 feet from a small central pond. The finer grained
dark layers showed the glisten of surfoce moisture characteristic of
"fat" clays but no water accumulated in the hole after 18 hours.
The oxidized layer is about 10 inches thick. Note that there are
no loose fines on the tailings surface but a "desert pavement" of
iron oxide cemented chips.

* The bulk of this material settled out in the central ponds.
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- Photo No. 4. —East edge of tailings pile number 1 (photo is "off-
color"). This picture shows the relative resistance to erosion of
undisturbed oxidized tailings compared to wind deposited tailings.
Culvert discharging stream of about 3 square inches in cross section
falling 4 feet onto s[oping surfoce of stratified tailings. Note the
relatively minor erosion considering that this stream has apparently
flowed, at least intermitiently, for at least 20 years. No furbidity
noticeable in the runoff.

When oxidized the sulfides present cement adjacent particles together with
iron oxide. Fragments of this cemented material require considerable pressure to crush
with the fingers and thus could be considered to have medium "dry strength” (Earth
Manual, 1963, p. 391). The oxidized dike material is practically impossible to penetrate
with a shovel and must be first picked to loosen. In climbing the faces of the failings
piles, it was impossible to "kick™ steps but instead they had to be hacked with o pick.
The effectiveness of this cementation is shown in Photo 4. Walking on "oxidized in
place"” material, even where underwater, had little effect on Ii’ Wind~deposited
oxidized tcilings, however, were found to have prochca”y no strength where sc:turated
Apparently once disturbed the oxidized grains will not bond agein end are easily eroded
by the wind. This wind-blown material was present only as a veneer on the lee sides

of the tailings piles (Photos 1, 2, and 4) and as collars as much as a foot or so thick around

!
}'
E

the central settling ponds where moisture has stabilized the wind~blown material.
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A test hole dug near the center of tailings pile number 2, about 20 feet west
of a pond, was started in oxidized material but encountered unoxidized tailings within
10 inches of the surface (Photo 1). The damp unoxidized material in this hole stood up
well in o 4-foot vertical face. Despite the nearness of the pond, there was no seepage
into the test pit ofter 18 hours. This may have been due to partial sealing of the pond
by wind-blown fines rather than being a true indication of lateral permeability. The
tailings in the lower foot or so of the pit were noticeably darker, and the gray-black
clay-size layers at this level showed a distinctly wet surface when disturbed; as though
they were saturated. Both bulk and undisturbed samples taken from the unoxidized portion
of the pit were fested by the Materials Lnborc:fory of the Washington Department of
Highways. The following data are representative of the samples, with the moisture content
and moisture-dependent properties based on an undisturbed sample taken at the 42 to 46

inch depth interval:

~ Moisture content ............. 37.6 percent
Liquid limit oovieinennes. 25.6
Angle of internc! friction ..... 20°
Dry demsity vocevnvninnnnnnnns 78 lb/fta

The material as @ whole was found to be nonplastic although there are muddy .partings,
generally less than % inch thick, that, by themselves, are plastic. It should be kept
in mind that material from this test hole is not representative of the dikes (see Construction
of the Tailings Piles); the dikes being prcc?icofly“unsfrc:fified and considerably coarser grained.
Four small streams dischorged onto tailings pile-number 2 at the time of my visit,
One of these, about o foot wide and 1 inch deep where it reaches the tailings, meandered
across the surface for about 200 feet before it completely discppeﬁred into the oxidized
tailings. This seems to indicate very poor permeability, at least vertically, across
the stratification. Another pit dug 1 foot from the edge of the pond, in tailings area number
3, began collecting seepoge water almost immediately. This suggests fair permeability -
along the silt layers even within the oxidized zone. A critical factor on tailings pile
stability would be the relative permecbility of the peripheral dikes and the enclosed fc;iiings.
The fact thot the coarseness of tailings particles increase outward and the dikes themsslves
represent the coarsest fraction (see Construction of tailings piles) indicotes that, excluding.
oxidation, permeability should increose outward and there would be no "damming effect”
of pore water in the zone of saturation. Oxidation does not seem to adversely effect
permeability in the coorser fractions, or at least not enough to compensate for grain

size factors.
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It would require considerable more lab testing as well as field measurements
such as piezometer readings to arrive at quantitative information on the overall stability
of the tailings piles. Even then, such factors as the inhomogeneity of the original
tailings and the influence of later oxidation on the strength and permeability of the dikes
would probably require the making of various assumptions. It appears however that
natural settlement of the tailings plus this cementation by oxidation of the dike material

would make the tailings more stable now than when originally emplaced.

Chemical Characteristics

The great bulk of material {(about 85 percent) in the tailings consists of practically
insoluble silicate minerals. The reléﬁvely soluble fraction consists largely of sulfide
minerals, with only minor and variable amounts of marble (CQCO ). Chemicols added
during the flotation process were copper sulfate, hydrated lime, pine oil, Barrett No. 4
oil, either Minerec "B" or Pentasol zanthate, and sodium cyanide. The quantity of
sodium cyanide used in the flotation process, at least during the eorly operations, was
obout 0.04 pounds per ton of ore (Pearse and Zanadvoroff, p. 34). In addition to this
use os o depressant of pyrite, pyrrhotite, and sphalerite during the floation process;
cyanide was used on the coarse tailings during the early 1940's and again in the late
1940's in attempts to increase the gold recovery.

The addition of hydrated lime in the amount of 1,2 pounds per ton of ore
(Pearse and Zancdvoroff, 1939, p. 34) made the pulp in the flotation process quite
alkeline. Probably a good part of this original alkalinity was lost to Railroad Creek by
decantation from the tailings ponds. Nevertheless, the tailings were undoubtedly somewhat
clkaline when deposited. Once oxidation of the iron sulfides commenced, however, the
oxidized zone became acid. A test of the oxidized surficial material showed a high
soluble-salt content and @ pH of 2.8 (W. R. Rines, Jr., written communication, 1967).

The presence of 4 to 5 percent sulfur, lergely in the form of FeS, and FeS,
indicates a potentially large volume of sulfuric acid to be eventually formed. The
slow rate of oxidation means that this large potential of acid will be released over a
period of many years, however. An illustration of this is the fact that o test hole dug
on the surfoce of tailirgs pile number 2 encountered unoxidized tailings within 10 inches
of the surface. This indicates an average oxidation rate of on the order of % inch per year, _
although this rate undoubtedly varies with the texture and degree of stratification in the
tailings. Oxidotion on the banks of the tailings piles has progressed considerably deeper
than this however, and may extend the full thickness of the dikes. In one place a 3-foot

hoie failed to penetrate the oxidized layer,
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DISCUSSION OF PROBLEMS

Stabilitz

As suggested under "Physical Characteristics, " there seems to be little danger,
at the present time, of any mass movement of tailings. Overall stability would be even
further ensured however, if surface drainage were guaranteed. (Complete drainage would
however aggravate somewhat the summer dust problems.

The central drainage systems (see "Construction of the Tailings Piles") are subject

to failure by clogging with floating debris, vandalism, or eventual collapse due to
corrosion by acidic water. The drainage system of pond number 2 was functioning normally at
the time of my visit in spite of wood jammed in the vertical riser. The pond on tailings
area 3 was much larger and it would require a boat to see if the drainage riser was clogged.
The scour resistance of the oxidation cemented dike material (see Photo 4) suggests that
even if the dikes were to be overtopped due to outlet clogging and an unusually rapid snow
melt, that erosion and downcutting probably would not be serious.

Even though the in-place tailings are quite resistant to scour by running water,
they should, of course, be protected from undercutting by Railroad Creek. The diversion
of the creek, as suggested by the Forest Service engineering consultants (see map), would
offer @ permanent and, in the long run, probably cheaper solution to this potential hazard

than the repair of the existing log cribbing.

_ Biological Effects

While it was beyond the scope of this investigation to directly study the
biological effects, o review of available information may help to evaluate the statements

guoted in "Purpose and Scope"” and repeated below.
". .. . the tailings dump has killed the surrounding vegetation. . . .

This was found to be true in one place, along the south edge of tailings pile 2,
where several dozen small fir trees were dead. The fact that trees a few feet away
looked healthy suggeststhat the dead trees had been "drowned, ” as by an encroaching
beaver pond, rather than poisoned. [n other places, trees and brush of various species

were seen growing through several inches of wind-deposited tailings, Nowhere, however
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was anything seen rooted in tailings, so it appears that they form an effective barrier to

the seeding of annual vegetation wherever. the tailings completely cover the ground.
". . .. tailings dump has killed. . . all the fish in the (Railroad) creek."

| made no attempt to catch fish during my visit, although former residents of
Holden report good fishing downstream from the tailings area during their stays at the
mining camp when it was operating (H. A, Pearse, M. E. Defoe, J. S. Mitchell, J. J.
Curzon, V. A. Zandon, written communications). Tank tests with trout were conducted
by Pearse while milling operations were going but failed to show any difference in fish
mortality betwean "clean" creek water and a creek water~tailings effluent blend
(H. A. Pearse, J. J. Curzon, written communications). Although all the details are
not known, it would appear that such a test would prove onl)-/ that the chemical quality
of the water used was not toxic to mature trout. Such o test would, of course, yield
little or no information on the long-term effects of effluent or tailings particles on the
food chain or reproductive cycle of the trout. Apparently the influence of the chemical
quality of water on fish can be both subtle and complex. McKee and Wolf (1963, p. 176)
state that the "toxicity of eyanides toward fish is effected by the pH, temperature, dissolved
oxygen, and concentration of minerals.” They cite test results where cyanides in o con-
centration of 0. 005 mg/| were found to be "lethal" to trout and where another study
. showed a higher concentration (of 0.084 mg/1) to be "not toxic.” It is not clear whether
this apparent contradiction is due to differences in exposure time, one of the factors
mentioned, or some other condition.. These authors state further (p. 176), that "toward
lower organisms cyanide does not appeor to be as toxic as toward fish, "

A field study of aquotic insects in the bed of Railroad Creek was made by
Roland Pine, a Washington Water Pollution Control Commission Biologist, in Sepfember
1967. He found a substantial decrease in creekbed insect fauna at the tailings site and
for several miles downstream. He concludes that the "mine tailings ot Holden are
significantly cffecting the already limited productivity of the creek.  This is due
principally to the déposifion of tailing material upon the stream bottom effectively
suffocating the cqtf:cfic insect fauna™ (W.W.P.C.C. Tech. Paper 67091). Assuming
that both the testimony of former Holden residents and Pine's findings are true and the

fish population has decreased since the closing of the mine, o contributing factor might

be that the failure to maintain a year-oround settling pond on the tailings surfaces has
allowed drying during the summer months resulting in more severe dust conditions

and silting than took place while the mine was active. An increase in post-1957 wind
erosion plus the normal long-term buildup of dust might result in 6 cumulative effect

that had not yet made itself felt during the years the mine was in operation and the

fishing was reportedly good.
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“. . . the tailings dump . . . is now starting (1967 7?) to pollute Loke Chelan.."

If pollution is defined as the introduction of a foreign substance, careful
onalysis of creek water at Lucerne in 1940 probably would have shown more than normal
amounts of metals as well os some entirely foreign chemicals from the flotation process.
Thus,. pollution here is not some new threat nor, as far as Lake Chelan is concerned, does
it appeor to be o threat at all. The dilution factor is such that pollution would probably
not be detectable much beyond the zone of turbidity at the creek mouth.

Sampling of Railroad Creek water on June 15, 1967 by Federal Water Pollution
Control Administration personnel yielded the following data (D. B. Krawczyk, written

communication, Nov. 20, 1967): -

At Wilderness Downstream from At Lucerne
Boundary tailings pipe
Copper 0.0036 - 0.029 0.021
Zinc 0.008 0.016 0.011 N
Iron 0.2 0.9 0.8 it /:‘.f-’l-f"’:
Arsenic <0.001 <£0.001 < 0.001 ot 2
Cyonide < 0.010 0.056 0.045 flar Gdviboes

PR W
o Dl .

All concentrations reported in milligrams per liter

Examination of these data show that the "pollution level' at Lucerne is, for most of the
constituents, on the order of 4 times that found at the Wilderness areo boundary. For
comparison purposes the U.S. Public Health Service Drinking Water Standards (1962)
are reproduced below: A

Recommended limit*

COPPEr i ittt it e 1.0
ZiNC ittt i ettt 5.0
= o U 0.3
Arsenic . ..ivisiiniiiieiaiannn 0.01
Cyanide .......iiiiviniiinann., 0,01 **

* All values reported as milligrams per liter.
) g P

** Mandatory limit for cyanide is set at 0.2 milligrams per liter,
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The metal content of the Railroad Creek water, even below the tailings pipe,
(with the exception of iron) can be seen to be well within the recommended standords for
drinking water. While the iron content at this point is about twice that for municiple wells
in the cities of Omak and Okanogan for example (high-iron wells reported by Van Denburgh
_and Santos, 1965, p. 66). No evidence was found suggesting that such concentrations
are any more than o nuisance due to staining effects.
The recommended limit (stated above) for cyanide is apparently a practical one
in that it is "easy to attain and is based more on toxicity to fish than to man. The
mandatory limit of 0.2 milligrams per liter gives o "factor of safety of about 100" for
drinking water. Thus, even though the recommended limit for cyanide is exceeded at
Lucerne, it is still less than one fourth the mandatory limit.

In summary, it appears that while the iron and cyonide levels of Railroad Creek

would r_nﬂke it a_domestic water source -of marginal quality, the water presents no dangers

for human consumption such as by campers and hikers. 7'7 ?'

Dust Problems and Possible Solutions

Wind erosion seems to be the most immediate problem but is more in the category
of a nuisance than o donger. | saw 35 mm slides taken by the Holden Village management
in which portions of the opposite valley wall were obscured by clouds of orangish dust.
While ridin-g to Holden from Lucerne on the bus, it was possible to smell and *taste” the
tailings at leasd o half mile downvalley from the tailings crea. This was probably due
largely to tailings previously deposited by wind along the road.

Simply wetting the tailings surface wi [} stop wind erosion and this fact suggests
one remedy during the 4 or 5 months when this a problem. The availability of high pressure
water from the existing power plont diversion point on Copper Creek might make it feasible,
at least on o short term basis, to sprinkle or "fog" the tailings during the summer months.

l Such an insicllation could be laid on the surfoce and drained each winter to avoid Freeziﬁg.
The major shortcoming of such a system is that it would have to be maintained year after
year, offering no permanent solution. '

Studies have been made of agricultural applications in which a thin layer of
asphaltic material is sprayed on the surface of o soil to prevent evaporation of soil moisture.
A similor material on the surface of the tailings ponds might not only prevent drying, but

act as a binder to further ensure against wind erosion. In tailings stabilization experiments

conducted by the U.S. Bureau of Mines, a resinous adhesive, "Coherex”, was found to be
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effective in amounts as low as 0.18 gallons per acre at a dilution of 1 part by volume to
4 parts water (Dean and others, 1969, p. 14). This treatment, at a chemical cost of
$34.80 per acre, was combined with seeding of grusses and brush, but it is unlikely that
it would be o permanent solution alone. Surface films would be susceptible to puncture
and subsequent "blowouts” by wind erosion. The numerous dzer tracks on the tailings
indicates that this could be a serious problem. ‘ o

‘ A soil cement might be made by harrowing in o suitable binder. Careful testing
would need to be done to select a binder that would be chemically compatible with the
oxidized failings. While this technique might be a permonent solution to erosion, much
of the irregular surface of the westernmost pond would need regrading. Also, the fechhiqye
probably would not be feasible on the steep dike slopes of the fﬁilings piles. Wind scour
however appears to be most severe on the top surfaces, probably due to the generally ‘
finer grain size of this material. The foct that the failings cover 80 acres means that o
soil cement approach would require a considerable volume of material, all of which
would have to be hauled in at great cost. . '

Probably the most esihetic&”y pleasing approach to the wind erosion problem -
would be revegetation. The tailings alone, however, would probably not support native
vegetation even if planted. Thus, such a method would require either correcting the
excessively high soluble salt content and low pH (2 8) (W. R. Rines, Jr., written communi-
cation, 1967} or, veﬁeering the tailings with a suitable soil. Both of these approaches
would be very expensive. [f the veneer approach is considered, it would seem worthwhile
to consider the mine waste dumps as a source of "topsoil," thus evoiding the cost and
esthetic effects of a large new excavation. It would require on the order of 150,000
cubic yards of material fo cover the tailings to o one-foot depth, ‘While metal mine
dumps, in the shorf term, oppear to be very sterile, some old mine dumps have tree stands
that match or surpass fhe surrounding ndtural terrain. The developmant of @ brush and
tree cover on such a veneer could, of course be greatly accelerated by actual planting _
and by feriilizing. ' e

Revegetaiion would be relatively simple if the acid-forming iron sulfides were
removed from the tailings. While o remilling of the tailings might produce on the order of
3.5 million dollars (gross) werth of gold-bearing pyrite concentrete {assuming a nominal ’
$10/ton for pyrite), the remoteness of the area woufd\c:lmosf certainly make it uneconomical
at present. Should a form of gold subsidy be introduced, as suggested by some, this other-
wise farfetched idea might wc:rrcmt investigation. Should it prove feasible, not only
would the remaining tailings be easier to revegeiate but their bulk might be substcnhc“y

reduced by pumping much of the remaining tailings into mined out areas of the mine above

the 1500 level (see Fig. 4).



8l

L — 4600 4600 —
L — 4400 550 LEVEL 4400 —
LY-T-1 - ) LEVEL
[— 4200 V Eve 4200 —
3 800 LEVE
B Pa\Va fa\uy.
d "Qﬂ A 1000 LEVEL
[— 4400 ‘( J J _] 4000 —
élf\ \ '_ WO LEVEL
— 3800 \‘5%! \ \\\ 3800 —
> {\\ X \ 1250 LEVEL
Y /‘(‘l &
— 3500 \\1 \ ﬁnn bl e i 1‘ n nnf (‘3 Do 1400 LEVEL 300 —
== PQRTAL 1O SHAFT -+ 2] \ N - o son LEvep
25%° 3 ?ﬂO 3
— 3400 ; I \ \ \ ‘\\}\ “'D ”O \ o o B 3400
20t Y \ \ \ asor
\ ‘.\\ \ > \ g‘ s ‘R— 75 LEVEL
\ 192 —)— N
3200 . N 3200 —
_\ 242\ \ \ _.\. ' 0
o WA RN \ [ 7 i{} [ ] H \ m‘;n LE VEL
[ WY ENVAE) NS _
3000 \\ 1wl 246 \Qf.,\\ \ > AR IV 5 ’ A e 3000
HW R X 2er [| 270 N v 7 125 _LIVCL
l’ I HW nw [ 276 l‘-ﬁ}l L7 =al, =
L zooo \\\ \*\\k / \ - 2800 —
\ \ 2325 LEVEL I ™ " \\*\\ \\%\.Q 4 4 [T~ [\ |\ B
Ty
L eco \N\ 7 Wl QN \:_\\ )l VA Bl wi) e U
\ 2300 LEVEL A\ \ \%“‘“"3 Ik xS A TR ARVA WYV 4 ’
’5{ \ \\ ‘\:&\ - 200 [ 200 400 &
[T o0 r ! SCARE IN FEET 2400 —
STRIKE OF ORE ZONE N 24° W, DI 65° Sw. .
LEGEND

UNFILLED STOPE
FILLED STOPE

‘“’5‘3 DIKE

=IL"  UNDERGROUND WORKINGS

" FAULT

FIGURE 4.— Longitudinal section in plane of ore zone,

L kel e sl ILEAN ST w

Mining Methods and Costs
at the Holden Mine . . .
U.5.B.M. Inf. Circ., 7870
John R. McWilliams, 1958

i il
"N e ucw['c!i'é.ﬂ!,ﬂ l:t-!@



el |

T AL .

-19 -

SUMMARY

Cementation through oxidation of iron sulfides and settlement appear to have
made the tailings piles at least as stable, or possibly even more stable, as when originally
implaced. The proposed Railroad Creek diversion should permanently remove any dangers
of undermining.

Dust and dust blankets result from wind erosion during the summer. The dust
is esthetically displeasing and contributes to stream siltation. The dust blankets do
not seem to effect established "woody " vegetation but appear to be a barrier to reproduction
by seeding. -

Leachates from the tailings are present in Railroad Creek, possibly in concentrations
sufficient to adversely effect aquatic life. Siream siltation by tailings particles appears to be

responsible for a decreased aquatic insect population downstream from the tailings.
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