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FOREWORD

This pTogress report describes the leaching portion of the joint DNR/Amax

leaching and reclalnation study. It contains the Taw water quaLity data collected

during 1978. Some analysis of the data is presented, but more is needed and planned.

Additional literature \'lork is also planned. Supporting references will be cited

in futuTe reports and the discussion section will be expanded. Analysis plans

are discussed in this report and additional results will be presented as they are

completed.

This document is preliminary but it does serve as a starting point faT con

tinued discussion of the leaching program. Comments would be appreciated.
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ABSTHACT

Runoff from leaJ'1 OTe and \'Jaste rock Duluth gabbro stockpiles may pose significant

environmental problems. WateT quality samples collected from gabbro stockpiles have

contained elevated concentrations of trace metals (copper, nickel, cobalt and zinc)

Observed metal concentrations in leachate samples range from 10 to 10,000 times

the natural backgrolmd concentrations of stre3Jl1S in the area.

In 1978, a joint DNR/Arnax progrcun was established to study the leaching and

reclamation of stockpiled gabbro. Six test piles (FL 1-6) were constructed in 1977.

In 1978, two were covered with glacial till (piles 3,5) and one with topsoil (pile 2).

These were then fertilized and planted.

Intensive sampling \vas conducted on FL-4 during two rain events, to determine

the fluctuation in runoff concentration over the storm. Copper concentration remained

essentially const~lt while nickel and sulfate concentration varied considerably.

Mass release followed the Tlli10ff hydrograph, with the maximum release occuring at

peak dis charge.

Preliminary resul ts indicate that there is a difference in the affiolmt of runoff

from each pile. Piles 5 and 6 yield about 65 96 runoff; piles 1,3 and 4, 50-55 90; and

pile 2,35 90. It appears that the gla.cial till treatment did little to control rW1off,

while the topsoil treatment reduced flow. Vegetation was sparse on the till pile

but good growth was observed on the topsoil pile.

Both flow and concentration data indicate that pile 5 and 6 are different from

piles 1 - 4. Pile 5 has produced acid leachate and the pH in pile 6 began to decline

at the end of the field season. p,letal concentrations in samples from piles 5 and 6

are one to t\I/O orders of magnitude higher thap in samples from piles 1 - 4; the max

imum nickel concentration observed was at pile S, 83 mg/I. The median concentration

values for pH, nickel sulfate are comparable for piles 1 - 4. Copper concentrations

in samples collected from piles 2 and 3 increased in 1978. This increase appears to

viii



be the result of increased copper mob iIi , rather t)lWl increased sulfide dissolution.

Organic compounds removed from the overlying soil cover could produce a increase in

copper mobility.

ix



OVERVIEW

In 1974, Amax Exploration Inc. reached an agTeement with Bear Creek Mining

Company, and assumed Bear Creek's leases fOT properties located in T 60N R 12W,

about 4 miles S.E. of Babbitt, Minnesota. As a significant proportion of the

leases involved state land and state minerals, Amax requested permission from the

State to construct an exploratory shaft.

In 1974, very little information existed on the potential environmental prob-

lems that might be associated with developing Minnesota's copper-nickel resources.

The state and Arnax agreed that the Amax project could serve as a pilot study. A

comprehensive monitoring network was developed and an agreement was reached to

conduct leaching tests on stockpiled materials.

In 1977, Amax constructed six (6) test piles containing lean are material.

The mass, grade, and completion date of each pile is given in Table I. Each pile

was placed on an impervious liner (30° mil reinforced Hypalon) and all rtuloff is

collected via a six (6) inch perforated drain line. The details of pile construction

and pile layout are ShO\ffi in Figures 1 and 2.

In 1977, Water quality data was collected periodically from each pile and has

been present in a report "Field Leaching Summary Report 1977", prepared by Amax

Environmental Services, Inc. May, 1978.

In 1978, a joint DNR/Amax pl'ogTam Has initiated to study the leaching and

revegetation of the lean ore test piles. This is a unique project not only from

a scientific viewpoint but also from the stand point of industry-government cooper-

ation. A concerted effort is being made by both the state and the company to ident-

ify .significant environmental problems' and to study methods of mitigation. In the

joint ~""'ograrn, Amax is responsible for the revegetation program and the DNR is

responsible for the leaching aspects of the study. This is a preliminary progress

1



TABLE 1. COMPONENTS OF FI:LD LEACHING PILES

Content
Pile No. Size Date % Cu ?6 Ni % S-------

1 1766 Ap:t'il 20, 1977 .33-.35 .075 0.6

2 1766 April 20, 1977 .33-.35 .075 0.6

3 1766 April 2O, 1977 .33-.35 .075 0.6

4 1765 April 20, 1977 .33-.35 .075 0.6

5 1951 Sept. 10, 1977 0.29 0.09 1.45

6 1672 Sept. 30, 1977 0.38 0.09 0.83----- ----
Jtal Piles 1-6 10,686 0.33 0.08 0.79

(ton is short ton = 2000 Ibs)

2

I VI



Fi e 1 '} ~L

";
:1 '

COD'"uction

/--------
/ "-

,/' "
/ "/ ....

/ '",/ ,
/ "-/ . ,

/ '/ ,~

To Common // .. .' ',~f su~p· .;' C ,6 In ,DI,O., p,eforated. Pipe~ '.. >.':-<
li.L' i~;':':~':'":',:~

--i\ 10 '0,,, \ ' \..
~..~J I -r"!-- Drainage - 1/2 Clio Grade _ ~:? '"-- 7

\"'-SAMPLE . --.... I ft. PIT RUN FILL"
STATION

SECTION 8-8
Ill:: 10'

Detail CD

OETt\ L
(NOT TO SCilLE)

~~" /

= 50'---------,0(

SECTION C-C
II' ::: 10'

7
~i

13
1

6 in. DIA. PER
DR/\JN i_ =:

(Back Side On

o

o a

PIT R Fill



o

1 ~
.~

1 "l,

'1 ~

1

", ,~ "j ~

~ ~

~ ~~

i
1

\

I



report on the leaching pTogram. Wate-:r quaLity data, flow d,lta and rainfall data

that have been collected are presented. Some preliminary discussion of the results

is provided. Data analysis is continuing and additional results will be included in

futuTe reports.
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Historically one of the major problems associated with the mining of metal

sulfide deposits has been the release of toxic trace metals through the leaching

of mining wastes (Havvley, 1972, Eisenreich et aI, 1976). In most docwnented

cases of leaching problems, the leachate is acidic, often with pH values as low

as 2 to 3.

Most of the field studies reported in the literature involved materials

that contained a high concentration of sulfide minerals. Hawley reports that

acid leachate has been associated with materials that contain 2.5 to 70 percent

sulfide. The Duluth gabbro is a low grade disseminated deposit. "Modell! lean

OTe and waste rock concentrations developed by the Regional Copper Nickel Study

CR. Stevenson, personal communication) range from .655 percent sulfur for lean

to .207 for waste rock. Even though the gabbro is in general a low grade

deposit, early water quality 5a~ples (1974) collected near stockpiled gabbro

at Erie ~lining Company's Du,,"1ka Pit, near Babbit, lvll'i, indicated elevated levels

of trace metals. Studies conducted by the Regional Copper Nickel Study (Level II

leaching report, soon to be released) have confirmed the findings of the early

samples. Metal concentrations in leachate samples are 10 to 10,000 times the

natural background concentrations.

Lean ore and waste rock stockpiles, unless controlled, may pose significant

stockpiled is extremely large. For its open pit prospect, /\..tllax has projected

environmental problems. Not only is there evidence that stockpile nmof£ v/il1

contain elevated metal concentrations, but the mass of material that \\Till be

a stockpile area of 3400 acres, 500-600 feet high .....

The Duluth gabbro complex contains a large percen

As part of the Regional Copper-Nickel Study, s3Jl1ples

6
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across the contact from Hoyt Lakes to Ely (more detail w 11 be given in the

Regional Copper Nickel report 011 geology cmd mineralogy). The mineralogy of

these samples was determined and a complete chemical cmalysis was made on each

sample. Five samples fTom the Amax area were analyzed, one of which was selected

fTom leach pile FL-l. The mineralogical composition is shown in Table II and

the chemical composition in Table III. A description of the mineral forms is

given in Table IV. Over ninety percent of the rock is composed of silicate

minerals 1 the three major groups being plagioclas~] olivine, and pyroxene. The

sulfides.make up a veTy small percentage of the rock, approximately 0.655 percent.

Generally 1 most of the' sulfides found in mining \vastes are unwanted iron

sulfides~ either in the form of pyrite or pyrrhotite. The percent of iron sulfide

in the test pile material is quite low (Table II) and this is generally true fOT

the disseminated material across the region CR. Stevenson, personal communication).

Only in pockets of rnassive or semi ·~massive ore are high concentrations of iron

sulfides found. Tables V and VI include the analysis of a semi-massive sample

collected from the Amax test shaft. TI1is sample contained 10.S percent sulfur,

most of which was associated with the pyrrhotite which comprised 12.8% of the

sample.

7



'l'alJle II

~3ericib_:;

Olivine

Clinopyroxene

Orthopyroxene

Ivlll'IEPALOGIChL COMPOSITION OF' FL--I

59.112

2.176

10.510

11.185

3.716

Monocrysta1line amphibole

Fibrous amphibole

Chlorite

Serpentine

Iddingsite

Talc

Biotite

Smec-tite

Celadonite

Opaques *
Chalcopyrite-cubanite
Pentlandi -te
Pyrrhotite
Ilmenite-magnetite
Graphite

Spinel

Mynnekite

Apatite

Epidot.e

Allanite

Calcite

Quartz

Cordierite

3.567

0.288

1.136

0.257

0.075

1.738

0.021

5.098
0.769
0.037
0.844
3~447

0.085

0.953

0.056

0.027

8

* The value shown for opaques is "the
sum of the five following values



Element
(Si02)

Fe (Fe (0) )

fvIg (MgO)

Ca (CaO)

Mn (MnO)

B

Ba

Be

Sr

V

Th

Zr

S

Cu

Ni

Fe (5)

Co

Zn

Pb

Ag

l-I.S

Hg

Table III CHEMICAL COMPOSITION OF FL-l

Uni t:s

2.2 80 (48,81) Pet

8.98 (16.96) Pet

9.22 (11.86 ) Pet

4.31 (7.15) Pet

5.55 (7 • 76) Pet

2.,00 (2.70) Pet

.32 ( . 39) Pet

1.41 (2" 35) Pet

.02 ( • 05) Pet

~12 (.16 ) Pet

.03 (.05) Pet

662~00 PPM

1173 .. 00 PPM

1.00 PPM

279.00 PPIvl

276.50 PPM

6.40 PPM

80.00 PPM

.655 Pet

0306 Pet

.073 Pet

.696 Pet

.009 Pet

157~00 PPI'-1

0 PPM

1 35 PPH

0 PP1'1

1.00 PPB

9



~CaJJle III CHEMICAL COMPOSITION OF FL-l

Element___. "C_~

Ho

Cd

.50

o

10

'units
....-<.=.,..,_._~~

PPH

PPM.

Pet Weight percent
PPM - parts per nillion by weight
PPB parts per billion by ~lleight



Table IV. II/lineral N;lmes Abbreviations and Formulas

3RCT

Plagioclase

Sericite

Na Al Si 3 08 - Ca AI Z Si2 0
8

K2 A1 4 8i6 AI Z 022 (OH, F)4

a feldspa,T

a mica, alters
from feldspar

Olivine (Fe, Mg) Si0
4 Fe-Mg silicate

Clinopyroxene Ga (Fe, Mg) Si 062 -a pyroxene,
Fe-Mg silicate

Orthopyroxene a pyroxene,
Fe-Mg silicate

I \1vlP

3AMP

Monocrystalline
amphibole

Fibrous
Amphibole

(N~,K)O_l (Ca, Mg, Fe~2J Fe+ 3, AI)7
(Sl6-8 AI Z_O) 022 (OH, P, C1)2

(Na,K)O_l (Ca, Mg, Fe+2, Fe+ 3, AI)?
(5i 6-S A12~0)022 (OH, F, C1)2

amphibole with non
acicular morphology

amphibole with fibrous
or acicular morphology

iLRT Chlorite alters fram Fe-Mg
silicates

Serpentine al tel'S from Fe~Ivlg

silicates

T~)NGT Iddingsite Serpentine + iron oxide phase, alters from olivine

TALC Talc alters from Fe-Mg
silicates

>.JIOT

."lCTT

LDNT

Biotite

Smectite

Celadonite

K2 (Mg, Fe+2)6_4 (Fe+ 3, AI, 1'i)0-2
(Si 6_S AI_ 3) 020(OH, F)4

(~ Ca, Na)a.7 (AI, Mg, Fe)4 (Si, Al)S
020 (OH)4 0 nH20

K Mg Fe+ 3 8i4 010 (OH)2

a mica

a clay, alters from
feldspar

a mica, similar to
glauconite

PQ Opaque minerals,
SUJ11 of following
seven minerals*

undifferentiated

11

Cu Fe 8
eu Fe2 S3

*Pent Jandi te

*Chalcopyrite
7\'Cubanite

-kPyrrhotite

'kIImenite

P-CB



*Magnetite Fe3 °4

*Graphite C

?NL Spinel Mg A1 2 °4

contains Ie
ti taniu.rn ( 20 v/t 96)

present as flakes

Myrmekitic intergrowths,
generally between
plagioclase and olivine

TZ

CORD

Apati te

Epidote

Alla.nite

Calcite

Quartz

Cordierite

Cas (P04)3 (OH, F, C1)

Ca Fe+ 3 AI Z Si3 012 (OH)

(Ca, Ce)2 (Fe+ 2 Fe+3
A12 Si 3 012 :OH

Ca C03

Si 02

Al3 (Mg, Fe+2)2 SiS Al 018

(includes zeolites and
prehnite
(Ca2 Al Al Si 3 010 (OH)

borders radiating
epidote

associated with
hornfels

rom R. Stevenson, Regional Copper-Nickel Study

12



T.:tble V I'1INERAl,OGIC]\L COMPOS IT ION OF' SEI/II ~"I'1]\S~;IVE ['1INEE1\LI ZED HOCK S}\fvlPLE

Plagiocla.se

Serici b:;

Olivine

Clinopyroxene

Orthopyroxene

Monocrystalline amphipole

Fibr:'ous a.mphibole

Chlorite

Serpentine

Iddingsite

Talc

Biotite

Smectite

CeJ.adonite

Opaques *
Chalcopyrite-cubanite
Pent1andite
Pyrrhotite
I1ernnite-magnetite
Graphite

Spinel

Hyrmekite

Apatite

Epidot.e

Allanite

Calcite

Quartz

Cordierite

47.885

0.091

1.513

18.472

0.025

0.024

0.145

4.,475

19.239
3.231
0.161

12.816
2.564
0.467

0.118

0.037

5.350

13

* The value shown for opaques is
the sum of the five following
values



Table VI

Element
Si02)

Al (A1 20 3 )

Fe (Fe(O))

Mg (MgO)

Ca (CaO)

Na (Na20)

K (K20)

::I'i (Ti02)

p (P20S)

Ivln (1'1nO)

Cr (Cr203!

B

Ba

Be

Sr

V

Th

. Zr

S

Cu

Ni

Fe (5)

Co

Zn

Pb

Ag

As

Hg

CHEMICAL

units
18.15 (3D. tiS) Pet

6.43 (12.15) Pet

7.71 (9.92) Pet

2.69 (4.46) Pet

3.44 (4.81) : Pei:

1.18 (1.59) I Pet

.73 (.88) Pet

.65 (1.08) Pet

.03 (.07) Pet

.11 (.14 ) Pet

.04 ( .06) Pet

428.00 PPM

310.00 PPM

1.20 PPl1

151.50 PPlYl

213.00 PPM

0 PPM

59.50 PPM

10.500 Pet

1.155 Pet

.418 Pet.

13.885 Pet

.036 Pet

185.00 PPM

0 PPM

0 PPM

0 PPM

<1.00 PPB

]4



Table VI

Element
110

Cd

5.50

o

Uni 1:.3

PPl1

PPH

Pet Weight percent
PPH pa.rts per million by weight
PPB = parts per billion by weight

15



Id program was separated into two

1978 FIELD PFzOGRAIvt

Tho oveTall goals of the jo t leachi.ng/reclamation program aTe raeasurement

of the release of trace metals, sulfate, nutrients and chloride from the lean ore

test piles aJ1d evaluation of the effect of various reclamation. procedures on that

release. To accomplish these goals the

phases.

The first phase Vias a characterization phase. Data was collected on the rock

charac.teristics, top dressing characteristics (soil and fertilizer) and Tainfall.

In addition, the variability of leachate composition. during a storm event was

determined.

Phase II was a monitoring phase, in which data were collected to determine

the total mass released from each pile. The total mass release \'Jill be llSCd to

evaluate the effectiveness of different reclamation procedures.

tvIETHODS

As th±s \'las the first year of the prograIn, a large effort was required to

initiate the program, d~velop methodology, and provide instrLUuentation for the

leach piles. The details of the problems en'countered and the attempts to over~

come them are given in Appendix I.

The critical para111eteTs that had to be measured \'Jere I-rainfall; the amOlmt,

duration, time of the event., and pH, 2-the discharge from individual piles and

3-a concentration representative of the runoff.

Rainfall

Rainfall is recorded by a standard rain gauge (Science Associates, Inc.,

NiVS Spec. 450.230) aJ1d a recording rain gauge (Science Associates, Inc., 'N1VS Spec.

450.220) . The standard gauge is mOTe a,ccurate (.:, 0.01 inches) and is used to

16



determin(:.; the :lmount of rainfall \~hil the recording gauge gives the duration and

time of the rain event.

To collect samples for rainfall pH, a polyethylene fLmnel was attached to

the outside of the weather instrwnent shelter. This funnel was connected by

tygon tubing to a teflon bottle inside the shelter, The pH was recorded as soon

as possi~le after rainfall ceased.

Flow

Daily volumetric flow measurements were made on each pile. Each pile is

equipped with a flow meter (Badger Recordall Model 15). In July, fine mesh screens

were i.T1stalled upstTeam of the meters; and the slope was adjusted to increase the

pressure drop through the meter. After these changes were made the meters worked

satisfactorily at high flow, but failed to operate at low flow. Daily discharge

[Tom each pile was estimated using a combination of meter readings and volumetric

measurements, Details and sample calculations are shovm in Appendix II.

Water Quail ty Samples

The development of a satisfactory sampling device required a substantial

amount of trial and erI'or. As a result, the samples collected in 1978 are a

mixture of composite and grab samples. A flow proportional sampler (Figure 3)

was developed and tested on pile FL 4 and wOI'ked satisfactorily. This system

provides a sample over an event that is weighted by flow. Concentrations have

been shown to vary oVer a storm event (see Results-Phase I). In order to get

an accurate measure of the total mass released from a pile, either a series of

samples must be collected during each event or one flow weighted S8J11ple must be

collected. The basic concept is that if of the flow occurs in a 4 hour

period then 50?6 of the volume of the sample should be collected in this perjod.

17



~",\~o
~O~r

<;/v~
. '<'-lC. '<\'<<v

lQ \~. \)~~\~

from '>t!' L.q~\'\'o'
- Leach ..:;~tr 4~l

Pile

l
i

~\,?'i..
~~(j

l',duRE "_,
FLO\rV PROP( TIONAL S,o,MPLER

- =-"

'0 \'0-'

//

L

SIJ r;i

HIGH DENSITY
20

SAMPLE BOTTLEIe:::
'I~

I

l _ J

"I q
a

I

(
GO~

,,--{

'o\~ .. \?)~G
\' ,\V

L . <
I' 1
I )
II (
.ll
II

I· ,
I ¢ I ~
I ~ j

/
110 V. SUBMERSA8LE ./

SUMP~

(5 gallon
plastic
poil)

!
SUMP PUMP)

SVIIITCH a
CONTROLS



In our system, each time the pwnp dischaTges an aliquot of constant volume is

placed in the sampling container. The higher the flow, the more often the pwnp

discharges and the greater the volume of sample collected. This system has nov'!

been installed on all piles. (For more details Tefer to Appendix I).
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RESULTS - PHASE I

Characterization

The objective of the characterizatiun work is to provide information on all

the test materials. Characterization data for the stockpiles are given in Table

VII. Particle size distribution and surface area are estimates based on \York done

by the Regional Copper Nickel Study (Details of the calcul~tion will be presented

in the Level-II Leaching Report). Piles 5 and 6 contain rock from the drifts

which contain a higher degTee of mineralization than the rock in the other four

piles.

Additional mineralogical, chemical, and surface area information may be needed

to clarify the differences between piles 1,2,3,4, and 5,6.

Top Dressing Characteristics

On May 11, test piles FL 3 &F1 5 were covered with glacial till and FL 2 with

top soil. The volume and depth of soil cover for each pile is given in Table VIII.

Composite samples of each soil type ,"ere collected. Each sample will be thoroughly

mixed and split to obtain a representative sample. Particle size and total and

extractable metal analysis will be performed by the Department of Natural Resources

Laboratory in Hibbing. Soil classifica.tion) pH, and Ina.eTO and micro nutrient

analyses will be perfo-rmed by the University of Minnesota Research Analy·tical Lab

oratory in St. Paul.

Fertilizer

Fertilizer was applied to test piles 2,3, and 5 on JW1e 22. Sixteen kilograms

(35.2 lbs) of a fertilizer with a guaranteed analysis of 10% NH4N0 3, 20% P20S' ffi1d

20% K20 were applied to each pile. A composite sample of fertiliz.er was collected

and will be analyzed for trace metal content.

20



344436483524317836783173

TABLE VII. CHARACTERIZATION DATA FOR STOCKPILES
=-..""~-_. ..-",""",.~~.-_~-_.=_._...._~~----" --"------.__.. _-

Pile 1 2 3 4 5 6

ition

%5 .6 .6 .6 .6 1.45 .83

%Cu . 33~~ . 35 .33-.35 .33-.35 .33~.35 .29 .38

%Ni .075 .075 .075 .075 .09 .09

1766 1766 1766 1765 1951 1672

_rea
stimate) m2Jton 90-820 90-820 90-820 90-820 90-820

late
'onstructed ( - - April 20 1977 ) September 10

1977
September

1977

'ock source shaft shaft shaft shaft

,reatment none covered with covered with none
topsoil and glacial till &
l'evegetated revegetated

drift drift

covered with none
glacial till &
revegetated

* estimate based on an assumed particle size distribution (Detail of
the calculation will be found in the Regional Copper Nickel Study
Level II leaching report. This will be available soon.)
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Tj\13LE VIII. SOIL DSPTH AUD FEP.TIL ZER P,DDITI'J>1

t:
added

NH 4
added

of
coverof Ie

~1 of
soil cover

N0
3

P

added

l
added

._~~+~__...:_.." .~""_ .. ~~__.__ .._£__t_'_,,~---t~---~.~.------+_-".~-.-""~~-r__;;-~-.~-'""T"-"->"----+--.-Y----i!---~--~-)-+ .. ,-__._~._j

2 7.14 56 92 J065 114 87 1239 1397 1582

11.3 51 88 4219 156 119 1239 1397 1582

r.::
~\ 10.9 56 90 4578 170 130 1239 1397 1582

--_.- \-..-__.>.- .l.--. ... ~~_---I-------"



Rainfall

During 1977-·78 monthly bulk precipatation samples \'Ie1'e collected by the

Regional Copper Nickel Study. Bulk samples collect both wet and dry fa11,so

concentrations may tend to be slightly higher than if only rainfall was sampled.

Table IX gives the regional average which was based on data collected at four

sites across the copper-nickel study area. r,1ore information will be available

in the Regional Copper Nickel Study Technical Report on air/water interactions.

Concentrations of all constituents are generally quite low.

In 1978, rainfall samples were collected at Amax and pH was analyzed from

fourteen separate events. 111e data is given in Table X and sUJmnarized in Figure

4. In general, the rain tends to be acidic. Recent studies conducted in the area

have indicated that there is already a trend for increasing rainfall acidity

(D. Thingvold, personal comrrmnication). The exact effect this increasing acidity

will have on the release fTom stockpiled materials is not known, but if the pH

in the pile is lowered more metals may be released.

Variability of RW10ff Concentration Over a Storm Event

Intensive sampling was conducted on FL4 fOT two storm events (0.35 inches on

JlU1e 23 and 1. 53 inches on July 7). The complete set of data for these events is

in Appendix III. Figure 5 and 6 illustrate the variation in concentrations of

copper, nickel, and sulfate during the Tl.ill.off. On June 23, there was no flow

prior to the storm. Nickel ar..d sulfate concentrations rose rapidly, and then

leveled off, while copper concentrations rema.ined essentially constant throughout

the runoff period. On JUlly 7, there was a small base flow prior to the rain event.

Nickel and sulfate concentrations were high in the base flow, decreased rapidly

with the initial rise in flow, increased slightly during the peak Tunoff, decreased

on falling limb of the h.ydrograph, and then rose gradually as flow diminished.
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Parameter

TABLE IX. REG IONi\L Ri\INF/\!,fA AVERAGES

Specific ConductallCe J 25°C (umhos)

Suspended solids

Total dissolved solids, IS00C

NOZ,N03

Total Phosphorus

Total organic Carbon

Alkalinity, CaC03

C1

Ca

Mg

Na

K (mg/l)

,...
(mg/1)!'

Ni (ug/I)

Cd (ug/1)

Zn (ug/l)

Pb (ug/1)

Al (ug/1)

Fe (ug/1)

As (ug/1)

Cu (ug/l)

27

J ".L.

10

.27

.04

4.1

4, 10

~ 1.9

1.6

(, 1,6

<.5

<.5

( .1

2

.45

10.9

120

(rv 154)

(1.6

1.S

All concentrations in mg/I except as noted.

23



TABLE X.

_.
S -if c

Date pH Conductance Rerna. rks
1978 (urnhos) 11'1] ), I

>-.--fJ.LQZ 5.2 (,A, \

__ 6L2J~ 6.3 D, :"Ii

7LQL 4.9 pH taken 7/5. 1030 12. C·,

7/07 4.7 (\
"'" 1-------. ~

7/18 4.7 -
.2j),

7/22 4.6 20 pH taken 7/24, 1100 ~: t-' I"-
7/24 4.9 15 I.: ,(,..

7/28 8.1 18
,

Z ! I,

8/15 4.3 So, I

8/16 4.2 1.5 ( 'I !/',---),

8/18 3.8 14 ! ., o.

9/11 4.3 '" I

9/12 4.0 It--,_.~----~.
9/14 4.8' p taken /15, 1610 I 5:

--~

1(1 _ \ '1

',::',1 ,+,/i~ ""v • l".,·
i

"',.....-.
~_.-.--

- --I--. ..

'"

~ --~-~--

- -

'------. - -

1----

---------1-, -~~--.,-----

~__••"._._.,_~__~ ..........._.__.____..._eo.'""'___._
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Figure 6
INTENSIVE SA,MPLING OF RAiN EVENT OF JULY 7 and JULY 8, 1978

LEACH PILE 4

Concentration vs Time
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Copper concentrations essentially rema.ined constant throughout the event.

DISCUSSION - PHASE I

Leaching, as the term is generally used, is the net transfer of material from

the solid phase to an environmentally observed aqueous phase. The net transfer is

the complex resul t of a series of chemical cmd physical reactions that involve

mineral dissolution 311d the transport of the dissolution products out of :the stock-

pile. A schematic of the processes involved in the net transfer of material from

the stockpile to an observation point is shown in Figure 7. A detailed discussion

of each type of process will not be presented here, but will be provided in later

reports as well as in the Regional Copper Nickel level II leaching repoyt, and the

technical report on the laboratory leaching experiments conducted at the University

of Minnesota. Preliminary discussion can be fOlmd in earlier progress reports,

(Eisenreich et aI, 1977).

The two major considerations in leaching are 1) the reactivity of the specif~c

mineral phase and 2) the mobility of the resulting chemical species; e.g. copper,

nickel or sulfate. The reactivity of the mineral phase is a measure of how easily

the mineral dissolves. Mobility is a measure of the tendency of an ion to remain in

solution. It is the result of many competing reactions, and it is a function of

the aqueous environment. Under acid pH conditions, mobility of most trace metals

(e.g. copper) will be very high, while at neutral or basic pH, .mobility may be low.

Although sulfate does undeTgo reactions in solution, under oxidizing conditions

it is generally treated as a mobile ion. Therefore, it can be used as an indication

of the dissolution of the metal sulfides in the pile. If it is asswned that the

only. source of the trace metals is the sulfide minerals and that the sulfate

release is a measure of the total rate of sulfide mineral dissolution, then the

percent of each metal that is transported out of the pile can be calculated. This

7R



Figure 7

Schematic of Stockpile Leaching Process

- -

weathering products of host roc.k and
residual chemicals from mining process
(e.g. explosives)

Step 1: Reaction:

sulfide

minerals oxidize or dissolve on surface

Step 2: Transport: A. reaction products are removed by percolating water

metals, dissolved solids,
sulfate



Figure 7 (cont'd.)

B. Some of the metals are readsorbed onto the silicate mineral surface
or form precipitQtes.

some possible precipitates

CuC03

Fe(OH)3

outflow
Cu, Ni, Fe

8°4

(In saturated zone the processes are essentially the same, although water is
always available to transport the reaction products.)

The outflow from the stockpile is composed of the weathering products of 1) the sulfide

minerals (the prime source of the trace metals; copper, nickel, zinc, cobalt; and

sulfate) 2) the silicate minerals (major contributors of calcium, magnesium) and

the residual chemicals that were on the rocks when they were stockpiled (primary

source of nitrate).
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is ill us t rated in Tab Ie XI using th e 19 Tl do. t8 for leach pil e FL 1. THe det:J.l1s

of the calculation are given in Appendix IV. The metals 8yJ1ibit very la',,; 41obility,

Under present environmental conditions, only a very SIKLll percentage of each. l~letal

that is released from the mineral phase is transported from the stockpile.

The mobility factor is important in discussing the different behavior of tile

release of copper and nickel fTom the test piles. The pH values of the saillples

collected during the rain events of 6-23 and 7-7 are shown in, Figures 5 and 6 .

... :le meCLT} pH ',.las 7.55 on 6-23 a."'ld '7.44 on 7-7. At t:lis :?I-i, in the absence of com

plexing ligands, copper is not very mobile. It can form carbonate and hydroxide

precipitates ~"'ld be ad30r~ed onto the silicate surface of the gabaro or onto iron

~Jd~ox~~e ?Teci~~tate3. T~e result is tha~ very lit~le copper is trans?orted

from the test pi.le. The constant concentration over the rain event. supports the

concept that the copper release is controlled by its mobility.

In general, nickel is a more mobile ion than copper, particularly in the

neutral pH range. As can be seen from Figures S and 6, the nickel concentration

is more than an order of magni tude higher th311 the copper concentra~ion. The

nickel concentrations fl uctuate over a factor of t\.,ro during the storm of 7-7. The

final concentration in solution is influenced not only by reaction equilibrium but

also by the arnount and rate of water moving through the pile. Further analysis of

the fluctuations in concentration over the events is being conducted.

Figures 8,9,10, show the rate of mass release (mg/min) faT copper, nickel

and sulfate for the storms of 6-23 and 7-7. The general trend is that Qass release

follm'is the hydrograph with the maximwn mass rele8.se occuring during the peak run

off. Table XII summarizes the total release from the pile for each storm.
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'l'able XL PEHCENT OF OXIDIZ,ED HE'I'"I\I.L 'J'HJ\T IS RETlUNED IN STOCYJ?ILE

Concentration (mg/l) Coneen trat,ion (mg/l ) Percent of
predicted from chemical observed metal
composition 1 (melli.a.n) ret:aci.ned in pile

8°4 6101 6101 0
basis

Ni 22.7 .288 98.7

Cu 95.2 ~O3 99.97

Zn 5.0 .013 99.7

Co 2~8 .006 9908

Fe 217 ~05 "> 99.98

1 8°4 is the basis of the calculation, it i.s assuTIled that 804 indicat..:es

tot.al sulfide dissolution and that. it is 100% removed front pile
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Tf'\BLE XII
f1ASS I~El.EASE SUfvlHAEY FOP IN'I'El:1SIVE E\TE1\lrr::~ Fl.-,A

Parametc~r

eu released (mg)
Ni released (rug)

804 released (g)
Total Volwne (1)
Time Interval, (min)

Total Rainfall (inches)

6
111
478
341

441,5

.35

36

I, 'i~

107
1441
3738
7599
4620

1;,53



SLflI,lMARY AND CONCLUS IONS

Copper concentration remains constant dUTing Tunoff events, It/hile concentra

tions of sulfate and nickel vary by more than a factor of tv/a. Mass release for

all parameters parallel the hydrograph, with the maximum release occurring at

peak flow.

The possibilities of large variation in concentrations during storm events

makes the collection of a composite sample a necessity. Grab samples will not

adequately represent the concentration of all parcJJneters during rlmoff. For,

some parameters, the mass calculations made on the basis of grab samples could

be in error by more than a factor of two.
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R~SULT3 - P~~SE II

It \'Iill be recalled thO-t the objective of Phase II is monitoring of the 03.5S

release and £10\'1 fror:l each pile. The ul is the u~e of total oass release

to measure the success of different reclar..1ation efforts.

t d d d 'ol~d'na Talon cr .... uae· Complete rainfall data is given in Appendi.::;S . an aT an aleC l (;, 0 Q. t; • -

pile the total rainfall ClJ""1d theTo calculate the total water

collecting area of each pile must be knowl1. Rainfall data was collected using a

v. Table XIII provides a monthly sUl1lffiary of the rainfall. The collecting area of

Rainfall

each pile was measw:ed Hi th two sets of measUrements .taken for each pile and the

results averaged. Tne resul ts are SllJnlnarized in Table XIV.

The over~ll comparison between the total of the estimated flow for each pile

Appendix I. Estimates of daily discharge from each pile \-iere made using 2.. cambin-

(Appendix I ~.)

the flow data have been discussed inThe ·problems encounteTed with

Flm..; Data

ation of £101'1 meter readings and volumetric ,discharge measureIT~en.ts.

and the Sllinp £10\'1 is given in Table XV. The overall agreement is reasonably good.

The overall runoff relation faT each pile is given in Table XVI. Preliminary

indicated that even though the overall agTeement between the estimated £10\';5 and

early part of the field season, the £10\'1 meters vIOuld periodically j 2.ra and produce

the sl.unp £10\11 was good, the individual pile data needed to be rc-exarnined. In the

The results of these calculationse

data suggest that the percent rillloff varies as ~6"4:=3;(.1)2. Monthly Tll110ff coef-

bac:k\\'ater conditions in the pile. Some of the vollL'11etTic rneasurer;\ents h'ere

influenced by t.his backwater, and as a result the daily £JO\'IS here overestiraated.

38



TABLE XI J I
Rainfall Events, April through October, 1978

filonth Total # of
Events

# of
0.3 In.

Total
Rain

Rain provided by
events:~ 0.3 inches

in. %

Note: Rainfall greater thaTl or equal to 0.01 inches is an event.

April 7 2 1.28

i\'1ay 8 2 3.37

Jlll1e 9 3 2.21

July 14 4 6.38

August 10 5 5.53

- September 9 3 3.28

October 7 2 1.05

TOTAL 64 21 23.10

0.78 60.9

2.30 68.2

1.58 71.5
4.90 76.8

4.58 82.8

2.84 86.6

0.72 68.6

17.70 76.62
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Pile

1.

2

3

4

5

6

Table XIV.
Test Pile Area

Total
Collecting
Area (ft2)

3173

3678

3183

3524

3648

3444
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TC1.ble XV. FI,OIi\' SUMHl'iRY

6 Pile Sump %

Honth Rainfall 'Total Di~3 Di. f fer'ence

April

May 3.37 87,000 79,000 +9.4

June 2.49 82,000 81,000 +1.6

J'u1y 6.38 156,000 164,000 -4.6

August 5.53 129,000 123,000 +4.4

September 3.28 89,000 81,000 +9.4

October 12,000 12,000

May 
October

+ % difference 6 pile ~- sump

sump

555,000

X 100

41

540,000 +2.8



1 3173 96 3.0 7487 166,137 83,184 50

2 3678 243 6.6 8679 192,587 67,421 35

3 3183 36 1.1 7511 166,669 95,265 57

4 3524 528 15.0 8315 184,510 92,231 50

5 3648 160 4.4 8608 191,012 120,522 63

6 3444 371 10.8 8127 180,338 "17 , 209 65

'Table XVI. OVERALL RUNO}'J? Cl\LCULl"TION

Pile

Total
Collecting
Area

(ft2 )

A.rea of
Exposed
Hypalon

(ft2 )

% of
Area That
Is Exposed
Hypalon

Inpu.t
liters/
in Rain Input

(1 )

TOTALS

outflow
(1)

runof~

* Pile has been covered and seeded.
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This \\'as a particular problem \vith FL 3.

All £10\\'$ \\'ill be recomputed. An attempt ,vill be made to correlate floy,' data

between periods of good flow records and then, based on these correlations, Qake

necessary £loh' estimations. A preliminary examination of the problem time period

indicates that the net result may be a reduction in the total flow from FL 3 illld

possibly FL 2. This would not change the overa.II relationship in percent runoff

that was discussed previously.

Water Quality Data

All the 1978 water quality data are in Appendix III. The sampling procedures

are discussed in Appendix I. The data are preliminary. Some of the concentration

values appear to be anomalous and will have to be reanalyzed.

Since the major purpose of this report is to serve as a progress report, there

is still a large GlTIount of data analysis that Temains to be done. The intent of

t.his discussion is illustration of some of the general findings. ?v1ore detailed

analyses, \'.'hich would include calculation of mass release, \vill be available in

future reports.

Variation In Concentration With Time

To corr:pute the mass release J the total floH for each pile must be computed and

representative concentrations must be assigned. These calculations have not been

completed. 1'1o\o;ever, general comparisons have been made among the different test

piles ~~d between 1977 and 1978.

Figures 11 through 24 present the variation of copper, nickel, sulfate 2nd pH

\\Tith. tin,e for 1977 a.Tld 1978. These parameters h'ere selected since they are the

key corrrpone!l:s c.:ad products of the leaching reactions. The otheT parameters I\'ill

be discussed in future reports. TI1e data presented in these figul'es are the

concentT2.tions in the sample, no ;lttempt has been made to pToduce l1 complct t
:; ~et
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of £10\\1 weighted or "represento.tive" concentrations. The concentTations aTe a

mixtuTe of values; some 'from composite samples and some from grab samples \,·,rhich

were collected both at high and la'll flow.

From the results of Phase I it is clear that concentrations vary during

stOnTl runoff. Therefore, the yearly concentration versus time gTaphs are useful

for identifying' long teTm general trends> but may not gi ve an accurate repTesenta-·

tion of short time fluctuations. TIle vaTiation between tV/o s2J11ples may be the

result of the differing flow condit~,ons at which the samples were collected.

Comparison of individual concentrations must be done with caution.

The box plot, or schematic diagram, (Figure 25) is a useful tool for sUJ1lmari:ing

data. In order to produce a meaningful summary the concentration data., a uniform

data set \\'2S selected. The obj ective was to choose a series of sampling dates on

t,;hich a sample was collected fTom every pile. (Due to the start·-up natuTe of the

progTanl, not all piles weTe sampled at the same frequency.) The set of samples. that

Kas c.~osen· is listed in Table XVII. The concentrations obtained from this set are

not necessarily representative of the entire year of of the flow distribution but

they do pro~ide a basis for comparing the different test piles.

Since a smaller number of s3JIlples was collected in 1977, all the samples h'ere

used to provide a reasonable nwnber of data points. There \vere not enough data to

construct a box plot for piles FL 5 and 6 because they \'ieI'e not constl~ucted until

September, 1977. The resulting box plots are shoml in Figures 26 through 29.

DISCUSSIO~~

The results indicate that the piles tend to separate into two general groups:

piles 1 through 4 21ld piles 5 and 6. Piles 1-4 \-v'ere constructed from mater:Jl

fTom the shaft \\1hile the material in 5 and 6 carne from the drifts. Piles d

6 contain ~ higher percentage of sulfur (Table VII) and may have a finer p2 le

size d.ist:ribution (Amax~ personal cOJJ1JDlmication). These factors should ten'
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(~nhance the reaction rate in these les. mentioned prev:i01Jsly) conccn-::':ration

alone is not a good indication of to al release. Concentrations must be converted

to mass before the total release can be ca).culated).

Piles 5 aIld 6 have higher median concentrations of copper, nickel, and sulfate

than the otheJ: piles. Preliminary 2.nalysis of the flow data Crable XVI) indicates

that these two piles also yield more water than the rest. It appears that the

total mass release is higher in these piles. One of the major factors that

affects the release is the pH. Figure 21 indicates the dramatic decline in pH

observed for FL 5.and a corresponding increase in metal concentration. The exact

cause of the pH decline is still being studied. Figure 30 shaHs additional pH data

for pile 6. The pH dropped considerably in the last t.wo months before freeze up.

From Figure 30 it appears that the decline in pH began around the end of August.

If this pH trend continues, acidic leachate may be produced. Nickel concentrations

tended to increase throughout 1978. Concentration geban to increase sharply about

one month prior to the initiation of the decline in pH. This phenomemon can be seen

in FL s.

The rise in copper concentrations tend to correspond more closely to the decline

In pH. Copper is not very mobile at pH values above 7, but its mobility increases

as the pH declines. Preliminary exawination of the sulfate data indicate no clear

trend in concentration. The concentrat.ion is val'iable and there is no dramatic

increase in 1978, as there is for the metals.

Since the release of sulfate can be used as a measure of the dissolution rate

of the metal sulfides, the preliminary indication is that the overall rate of

dissolution 112.S not increased dramatically. The increase in metal concentration

results from the increased mobility of ti1e r.letals at the 10\\1er pH. from laboratory

studies conciucted by Lapakko, Eisenreich) aIld Hoffman (Eisenreich, et al 1977), an

increased rate of sulfide dissolutio~ has observed as pH decreased.
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Table XVI

nATE

4-26

6-16

7-5

7-~12 to 7-13

7-14 to 7-19

8--1 to 8·~2

8-4

8-16

8-23

9-13

grab

grab

grab

composite

composite

composite

grab

grab & composite

composite

grab

CONDrJ1rON

low flow

low flow

tail of rain

camp over rain
for all, grab
for FL4

all piles except
FL4

over rain

low flow

during & over
rain event

before and over
rain

tail of rain

more detailed information is given in Appendix V
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dOClL';1;::ntcd that the oxidation of the metal sulfides results in acid proJuc:.ion

(l:-1<.1\.;1ey, 1972; EisenTeich et al, 1976). l\ormally, the buffering c:lpacity ot the

gabbTo is sufficient to maintain the pH in the neutral to slightly basic range.

If the oxidation rate increa,ses or the buffering capaci ty dec:'eases) the pH lllay

drop. As pH decreases, the rate of metal transport from the stockpile increases.

The drop in pH in FL 5, resulted in a 10 to 100 fold increase in metal trmsport.

With the exception of copper, the box plots indicate that piles 1-4 generally

have comparable median concentrations. ~ledian copper concentrations 'for piles 2

and 3 appear to have increased between 1977 and 1978, and the 19'(8 values aTe higher

than those for piles 1 and 4. In 1977, the median copper concentration \Vas com

parable faT all four piles. Median concentrations for piles 1 and 4 are essentially

the same for 1977 and 1978. The fact that the median nickel concentl"'ations are

similiar for all piles, both in 1977 ~ld 1978, suggests that the overall release

rate -has not changed. A selective increase. in copper release has occured, due to

increased copper mobility. Mobility could be increased by the introduction of

organic compounds which have been washed out of the soil cover. Additional analysis

is needed to determine the significance and the cause of this increase.

r.ledian pH values for piles 1-4 increased slightly form 1977 to 1978. Comparison

of the median sulfate data did not reveal any consistent pattern between the t\'iO

years. Median sulfate concent~ations decreased in FL 3 and 4, increased in FL 1

and essentially remained the s&~e for FL 2.
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pH vs TIME
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SUtvfi\1ARY AND CONCLUS IONS

Preliminary analysis of the data indicates that for piles!. through 4 medi.an

nickel concentrations in 1978 are comparable to those measured in 1977. There seems

to be no significant differences in median nickel concentT.'ation among the first four

piles.

Piles 2 and 3 exhibit increased copper concentration y1lhich appear to be the

re5u1 t of increased copper mobility. Organic compolmds \'ihich are capable of

complexing copper may have been washed out of the soil top, cover, allowing more

copper to remain in solution.

Piles 5 and 6 tend to behave differently than the first four. Pile 5

produced acidic leachate and the pH in pile 6 started to decrease before freeze up.

h~len the pH declined, substantial amoW1ts of metal were released in the leachate.

The exact cause of the acidification is not known, but is being studied.

The overall I'Lmo£f coefficients indicate that pile 2 had the least amount of

runoff. Pile 2 was covered with topsoil and a good vegetative cover \'ias established.

Vegetative cover was sparse on the till covered piles and preliminary analysis

suggests that the YLIDOff from these piles was comparable to untreated piles. All

conclusions are prelimina.ry and arlalysis is continuing.

68



An ou-t.line for future i,8 is below. recommendations OJ: comments

on -the outline or suggestions for ac1di tional

I .. Calculate mass release f::rom each pile

A. flow calculations

would be ated.

1. flow records must be reanalyzed and daily flow estimates revised

2. flow records from periods of good record will be used to develop

regression relations between the piles

a. these relationships will be used to examine periods of partial
and estimated records.

b. readjustments in daily flows will be made

3. plot daily hydrographs

4. compute total outflow from each pile

B. assign Ilrepresentative" concentrations

1. ideally, for each major event, there 'Idou.ld be a flow ~leight:ed

composi te sample, then tlJ.e mass released during that event would
be

mass (mg)
released

- total (liters) X flow weighted
flow concentration

(mg/l)

2. due to the start up nature of the project, a flow weighted sample
does not exist for each storm

a. concentration variation 'I·1i th time, flottl, and rainfall will
be studied

bo "representative" concentTations will be chosen and applied
to different portions of the hydrograph

II. Facto~s affecting mass release

A. top dressing

1. is there a difference bevNeen the covered and uncovered piles

2. compare the mess released by each pile for each event

B.' time between events

1. plot mass release vs time between events

2. is there a relationship does mass release increase as time
between events increases
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C. rainfall

1 plot mass rE:~leas(::l verSllS

a. rainfall (in)

D. PH

a. is there a cor:r-elation wi th the % S in the rock

B. Peak runoff vs base fl~v

is there evidence for

(in/hr)b. rainfall intensi

3. use majo.!: c:;ations to estimate rates of host rock weathering - is
thi.s consisten t wi. -th what is alre.ady known

1. are there some parameters which are not providing useful information

2. how do Lhe release rates compare to other studies conducted on
gabbro material

3. compare the behavior of 5 and 6, is there a trend.

2. compare 304 release with metals release
a large increase in sulfide dissolution

2. is there a relationship - does mass release increase as rainfall
and/or intensity increase

2. On a yearly basis is ~ost of the nBSS transported during peak flow
or during ba.se £10\\1

2. check literature references and devise experimental tests to try
and isolate the cause of the acidity.

1. How much of the flow is "peak runoff" and how much "base flow"

1. hOyT does the release rate vary be tween pi1es

1. delinea'te the possible cause for the acidic conditions in FLS

1. is the:ce a rela'tionship between mass release and the to'tal aInOl..mt
of rainfall that has fallen on the pile.

1. plot mass release vs pH for piles 5 and 6

A. re-evaluate parillueter list

A. Acid fOl~ng potential

E. age of piles

C. Compute release rates for each pile (kg /ton Y1:)

III. Other considerations

IV. Redesign srunpling plan
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B. re-evaluate

1. should more or less be collected?
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Appendix I Field Methods

Methods for sampling the field leach piles have undergone constant evaluation

and change. Changes were made to produce a mOTe representative sample. Doctunenta~

tion of these changes is necessary for proper' interpretation of sample resul ts.

From April 26 to May 24 no volumetTic discharges were obtained from individual

leach piles. Instead, the discharge from the common StOOP (Figure 2) of the 6 leach

piles was used to obtain average flow from individual piles. This method was not

satisfactory because flow, and thus mass loadings, from indivi,dual piles could not

be accuTately calculated.

It was decided, therefore, to install low pressuTe, low volume flow meters in

the discharge line of each leach-pile (Figure 3). The installation was completed

on ~lay 24. It soon became apparent that the flO\'/ meters were malfunctioning due

to a combination of low WaleI' pressure and fine paTticulates. To correct this,

two changes were made. A fine mesh nylon SCTeen \'laS installed upstream of the

meter to filter particulates (Figure 31), and the position of the flow meter was

lowered to give as much pressure drop as possible. These modifications were

accomplished by July 14. Subsequently the meters functioned pToperly at high

flows but continued to stop during low flows.

Release of metals is knO\'ffi to fluctua.te with rain events) therefore, composite

samples were needed to accurately estimate 8.Il aveTage release for each rain event.

To composite the flows a "passive drip sampler" (Figure 31) \vas developed and

installed July 11. The passive drip sampler failed to operate as anticipated.

Initially, the drip flow was expected to be proportional to the water level in the

pipe; larger s3Jl1ple volwnes being collected at high flow than at low flow. In

practice, this did not work. TIle drip flow was difficult to regulate and showed

very lit tIe response to the ',er level in the pipe. Since the drip rate did not
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change significantly vlith the flow, th composite clJnple tended to oversample

base flo\\" After the filter SCTcen5 (for the £10\" meters) were installed a stancl~

pipe \Vas added so that only flow above base flo\\! \vould be sampled. Thereafter

the drip flov'l did not always begin \'Ji th ris flo\ll and had to be readj liSted

manually. Additional problems occured eluTing backwater conditions. As the water

ba.cked up in the pipe, the drip flow continued 811d the sample did Eot represent

the storm event. On several occasions} the backwater condition began durU1g the

night and by morning the five Ion collecting container had oV8TflO\..Jed.

An attempt was made to solve both problems by developing a sump pump and a

compositing system (Figures 3 and 32). The flow from the leach pile empties

into a five gallon sump. The sump pump is cont:rolled by a float switch in

the sump. Each time the pwnp is activated the event is recorded on a Rustrak

recorder. A flow meter installed on the pt.rrnp outlet records total discharge.

A small sample line has been installed in the pU1np discharge line. Each time

the pwnp is activated a small aliquot is placed in the sampling container.

This produces a flow weighted composite sample; more sample is collected at high

flow since the plliilp is activated more frequently. This sarrvling and recording

system was tested first on leach pile nl~mber 4 (installed August 11). The

system operated well illld it was decided to similiarly instrwnent the remaining

piles. By November 3 instrumentation \lias completed on leaching piles 1,2 and S.

Instrumentation of piles 3 and 6 is nearing completion.

L£\BORATORIES

Analytical services fOT the study are provided by Serco Laboratories, Roseville,

~finnesota; DNR lv1inerals laboratory, Hibbing, fvlinnesota,: DNR field laboratory at

Hinnilllax; and the ~1innesota Department of Health laboratory in Him1eapolis. The

following is a list of the par3Jneters analyz.ed by each laboratory.
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Appendix II

FLOW CALCULATIONS

Flow meters were ins aIled on each pile but did not always ftmction satis-

factorily. They \'lere routinely Tcad at 0800 3.11<11400-1600 every day during the

week. The condition of the meter was noted (rlwning) stopped, rWining but

sticking). N~ readings were made on weekends and holid~Y3.

After fine mesh screens were installed l~strewn of the meters) (July 14), the

meters usually worked satisfactorily at high flows. Prior to July 14, the meters

would sometimes jam dLLYing rain events and the flow WQuld have to be estimated

using volumetric floH measurements or through comparison with other piles.

The meters rarely worked under low flow conditions. Base flows ','1ere generally

computed using volumetric measurements. Normally the flow \I/as measured bet\l{een

1400->1600 and the recorded flow was asswned to be a ,good measure of the averagE:

dai 1)' £low 1'3.te .

Examples of the methods used to estimat.e daily f10\'/5 8.Te given in Table XVII.

The geneTal approach that \"o.s used \'las:

1 - meter readings were used whenever possible

2 ~ if a meter was stopped prior to a storm event, the assumption Wa.3 made
that it began to record when the ::nmo£f from the 5 torm ~egan.

3 - if the meter was recording at 1600 and sti 11 nmning at 0800 the next day
the total flow was divided strictly by time i,e. one half of the floVl was
assigned to the time period 1600-2400, one half was assigned to the period
2400-0800.

4 - Weeken~flows

a - if no rain occured during the \veekend the flows would be interpolated
from the F1'iday and t.londay val ues .

b - if rain occured, meter readings would be used. Sometimas meter readings
would be used to represent peak flow and base flow would be estimated
from the Friday and Honday values,

5 - when there was no rain, the daily flow was computed from the volu~etric

meas uremen t.
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6 - in the early before individual meters were installed and before
volumetric measurements were taken" the sump outflow \v;].s used to estimate
the £lm'1 Erom o.ch pile. The output divided by the number of piles
that were flmving at that tim.e gave ~he daily flow for each pile.

(A refinement could be made by weighting each pile by its collecting area.
However, since the time period when these estimates were needed was
relatively short DTld total flows vlere small, this Tefinement is probably
not necess ary) .
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'TIle data for pi Ie FL--1- is 5hoh'n be 10\'1

(s::meter stopped, r::::n.mning; s 1', running) but sticking)

Meter Volmuetric Rainfall Daily
Reading Flow Rat.e in E'Iow,

Time Time liters

7-14 0800 6413s

1500 6412.98 300 0 432

7-15 no rea.dings .08 432

7-16 weekend 0 281

7-17 0800 64135 0

1400 64135 90 130

7-18 0800 meter 1.51
lmder water

1435 7235.2r 1020 2400-
0200 3758

7-19 0800 7548s-r .24
1400~1600

1455 7620.3r 2325 1274

7-20 0800 7849r 0 836

The calculations were rnade as fallows:

Date

7-14

7-15

7-16

Rainfall

o

.08

o

80

Method

volumetric flow used as daily
average

this was a small rain, the
ass umption was. made that it
was enough rain to maintain
the overall flow at a level
comparable to 7-14

since this was a weekend, no
meter or volumet.x:ic measurements
were made. The average of the
flow on 7-15, which was assumed

. t:o be the same as t_he flow on 7-14,
and 7-17 was used.



Date

7-17

7-18

7-19

(cant I d)

o

2400-,0200
1.51

1400-1600
.24
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lvlethod

valmetric flow was used as
daily average

the asstunption was that the
meter began to record at 2400
the total flow from 2400-1435
was obtained from the meter
the flow from 1435-2400 was
obtained b:.! tine weighti.ng -the
total recorded flow between 1435
and 0800, i.e. 2400~1435 ==
total flow from meter == 3113 1
1435 - 0800 ~ total flow from
meter :;;:; 1184 1

1435 - 2400 = 9.5 (1184) 643
17.5

total daily flow =3113+643==3758 1

I-the flow from 2400-0800 was
obt.ained from the time \veighted
estimate as shown above

2-the flow from 0800-1500 was
obtained' from the meter

3-the flow from 1500-2400 was a
time weighted estimate

2400-0800 8 (1184)= 541 liters
-17.5

0800-1500 meter 276

1500-2400 9/17 (867) = 457 1

Total F1ow=541+276+457=1274



Appendix III

WATER DATA

All the water quality samples that were collected by the DNR in 1978 are

listed in Table XVIII. On April 24, one set of samples was collected by

Amax and analyzed by Serco Labo~atories (Table XIX). The results of all

the samples are tabulated by pile and are presented in Tables XX - XXV.
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Table XVIII WATER ITY SAMPLES
G=~

COLLECTED IN 1978

DI\TE E'Lmq PILES SAMPLED
1 ') 4 5 6-'

--,~--_.-'~<.'---'... ---~--~_.~===--

4/26 Low Flov" G G G G G G

5/24-26 Composite over rain C C C C C

6/6 Peak G

6/7 After Peak G

6/14 Low Flow 2G

6/16 Low Flow G G G G G G

6/23 Composite over rain 3G 13G

6/26 Tail of'rain G G

7/5 Tail of rain G G G G G

7/6 Low FloVl G

7/7 Composite over rain 24G

7/8 Composite over rain l3G

7/9 Tail of rain G

7/6-7 Peak C

7/7-11 Tail of rain C

7/12-13 Peak C C C C C

7/13 Tail of rain G

7/14-19 Composite over rain C C C C C

8/1-2 Composite over rain C C C C C

8/2 Tail of rain C

8/4 Low Flow G G G G G G

8/10 Low Flow G G G G

8/14-16 Composite ave:.: rain C C

8/19 Composite over rain G '"),-, 3G C 4G G,C..)~:r

8/17 Tail of rain G

8/18 Tail of rain G
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(>=

G.::co:

Dl\TE FLOV7 CONDITIONS PILES SZ\HPLED
.-.,....~......,....__-=._~._.. ·'~._·=-_.o·_"""

1 2 3 4 e 6J
",,"~.~__"."___~______'~___. _ ...__._-=-_,.,...-=-._____--..c'"""'_-'"

8/16-17 'rail of ra.in C C

8/17-18 eornposi t:e over rain e

8/18-21 Low FloVl C

8/17-23 Composite over rain C e e e c

8/21-23 Before Peak C

8/23 Peak 2e e

8/23-25 Tail of rain e e e e e C

8/25-28 Composite over rain C C C C C

9/10~13 Composit.e over rain C C C

9/10-11 Composite over rain C C

9/11 Before Peak G
I ,I

9/11-12 Peak and after peak C

9/12--13 After peak e

9/13 Tail of rain G G G 2G G G

10/14-17 Composite over rain C C C
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Table XIX
AJ:lll.\ '::'>0mples -<.' Serco

4-24 4- 2Ll
I

4-24
"

4- 2«1 4-24 4 24
tYl)e gTab grab grab grab grab grab

I

FL-1 Fl~2 Fl-3 FL-4 FL--S FL-6

ers

ity 82 66 55 53 58 80
7.8 7.8 7.6 7.5 7.7 7.7

ture

c 967 819 642 776 1520 5150
ance

-
115 75 67 88 165 430

11 17 12 8.2 12 150
110 90 58 63 162 516

lln 9.0 8.2 8.2 17 4.5 8.5
.025 .019 .013 .017 .039 .036
.110 .095 .075 .090 .725 .960
.15* 7.5* .35* .20* .25* .45,1;

se .06 .06 .06 ' .09 .33 .66.
.007 .006 .005 .007 .082 .042- --.
.033 .029 .017 .048 .021 .011
540 400 300 350 780 --680

e 3 3 2 5 32 ·569
2.7 4.3 3.1 1.3 .28 460

rus 0.1 .2 .1 .1 .1 0.1
ed 8.9 6.8 . 4.0 5.0 10 5.S-

!

l)ate
Sample
Tirne
Site

Zinc

Paramet

A1kalin

pH

Tempera

Specifi
Conduct

Calcium

l,lagnesium

Sodiwn

Potassil.

Copper

Nickel

Iron

l'Iangane

Cobalt -

Sulfate

Ch10rid

Nitrate

Arrnnollia

* Total iv1eta 1

Total
Phospho

Dissolv
Organic
Carbon
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Explanation of comment stateracnts

1. Rain If the sample \',135 collected during a rainfall event, the total

amount of rainfall and its time of occurence given, If the sample

was collected betvveen events, the time and amount of the preceding

rainfall is given.

2. Portion of the hydrograph sampled

If the sample was a grab sample, the general pOsl.tlon of the sample

relative to the peak in stock-pile rlIDoff is given. I f the sample \vas a

composite, the portion over which the sample "IaS collected is given.

3. Other These corrrrnents refer to field observations on pile behavior,

srunple appearance, etc.

86



Table XX HATER QUALITY DXfA FL 1) 1978

1. All parameters in mg/l except as £0110\'15.

a. Tem~erature ~ °c
b. Specific Conductance :;:, wnho';
c. Nitrates and amT:1onia are mg/l as nitrogen, total phosphorus is mg/I ,15 phospr\t:_

m1d dissolved org~U1ic carbon is mg/l as carbon,

t 'IE 61 26

Corrnnents

FL-·l
Date lj

I
)- )- I .. J 6-23 6-26

S.3.[rmle t}1)e grab grab grab grab grab .\:;rab 1
Tirrt~ 2110 0900 102S 0950 1:)00 15 0900

PaTaJ',eters
,~_.~._~---,-

Alkalinity

pH 7.15 /.60 7.84 7.49 7. :32 7,85 ,... ()-

0.0.)

TemperaV..lre 9.0 7.0 11.0 14.0 12.0 13.0 15.0
Specific 1120 1900 3325. 2700 1775 2150 2200 2400·
Conductance
-_.~~--,."'"< "-

Calcium 112 216 253 244 189 180 181 195

I

Magnesium 11 19 23 22 18 17 17 20
Sodiuul 113 268 327 368 313. 273 279 313 I
Potassium 13 20 23 22 23 21 20 ,___7J_,_ I

I

Copper .032 . .030 .041 .028 .027 .024 ,023 .024 INickel \ .037 a ...250 .. m '~274 .228 .250 .294

IIron .20 a .02 .03 .05 .02' ,02 ,03 .04
.06 .13 IManganese .15 .14 .10 .09 .08 .09 ICobalt .003 .009 ,,005 .001 .013- .012 .012 .014
. 017· c 002 . .030 a iZinc .002 ,004 . ,002 l\TD ,,010

-~ :

Sulfate - _ .to' 1400 . 1 ·00 1000--
\ ( { Iv

Chloride \ \ {~ \

6 6 .3\"._j t

NitTate
- I.Aminon ia 1

Total
Phosphorus

Dissolved
Organic
Carbon ,-

IDischarge at trickle 2558 - 120 175 207 127 S9
time of
Sanrple I
(nll/min) ..

Total VollllTle over - - - - - - - -
composite (liters I

I

2. All metal values aTe filtered, w11ess other,vise specified.

3. a:::: Value a.ppears anomalous b::;: Tcanalysis
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COlllments

3, Rain ,75"
1730··2400

last rairlast rain
6-6 6-10

0.75 11 0.19"
30-240l2300-2400 07,-15 -1 T15

1915- JOO
20tl

~ ¥1.,:J

last r~LLn

6<2S
,04"

IS DO 1830

4. Portion of
hydrograph
sampled

S. Other

low flm\[

Initial
ample

Snow
Run off

Peak After
peak

88

low flow Before
peak

After
peak

Some gray
matter in
\\'ater

After
peak

Tail of
0.4" rain



DaLe

I
7··s 7-7 7~, 11 7-13 7-18 8-- 2 I 8·~4 8-10

SariljJ Grab Compo Comp, Camp. Camp, Compo G:rab Grab
T.iJ~e I 0830 1600 on 1630 on 1200 on 15 ~50 on 1 - 1045 1,340

I 7··6 to 7-7 to 7-12 to 7-14 to 1700 • ~>

I 1630 on 1525 on "0840 on 1400 on to 1515
7-7 7-11 7-13 7-19 on 8~2

I
Paramet.ers
-"~----_....•.-.--

IAlkalinity 70

pH 7.75 7.90 7.70 7.92 7.80 7.90 7.80 8,10' I
Temperatt1re 14.0 19 22 22 24

Specific
2100 1900 2450 1400 1100 1650 2400Conductance - ~~

Calcium 202 221 303b:' S31 a 340 176 300 414'

,Magnesium 20 23 26 31 19 11 23 26'

Sodium 206 222 286 395 220 7

I
209 317,

Potassium 28 34, 38 45 34 2S - 37 46-

Copper .018 .024 .024 J • ~3t .027 .023 .027- .034 .03

Nickel .206 .285 .40$, ~ 37c .40S a .25S .21 - .33 .46

Iron ~01 .04 .03 .01 .01' .01- .03 .02'

Manganese 909 .09 .14 .16 .11 .09 - .. 13 .16

Cobalt • 007 .019 .022,.03

'

.026 .019 .010. .016 .0.. --
Zinc -.

.OSSa.-.-
ND .005 ~lQ- I .003 .010, .013 .025

Sulfate 900 800 1150 I 1500 1050 I 650 ·1200 1600

Chloride
.-.-

3 44 4 5 4 1 1

Nitrate 5.7 5.7 6.2 3,9 3.4 5.0 -
Ammonia .44 .64 0.55 O.S 0.7 ~ 0.08 0.13

Total -< 0.1 <: 0,1 <.0.1 ' <0.1 :<0.1 U.1 ~ 0.1
Phosphorus

Dissolved
Organic
Carbon I-- =='"

DiscJlarge at I :

tiJne of sample 177 167 70
(ml/min) (Q at .

Total VolLune over 1535)

composite (liters)

F1. 1

1.

2.

3.

All paT8JTteters in mg/l except as follm.s.

a. Temperature ~ °c
b. Specific Conductance::::: umho
c. NitT8.tes and Clrnrnonia are mg/l as nitrogen, total phosphorus is mg/l as phosphcr:

and dissolved organic carbon is mg/l as carbon.
AlJ. metal values are filtered, unless otherHise specified.

Camp. ;:;: Composite a== Value appears anomalous b =. reanalysis

89



Compo Camp.
over rail' over
7~18 rain 8-1

Comments
4. Rain

5. Portion of
hydrograph

. Last
1'oin 7-1
7 - 2 1. 3Ci 1

1400 on
7-1 to
1100 on
"7 -,2

Tail of
1.36"
rain

0600
1.:100

Peak

1 3b i
tIfrom

\ObOO
1~00 on
7-7;
0.15"
from
1100 7-8
to 0200
7-9

Tail

0,77"
from
1,100

.
J.. 60.0 .. alld.1
=UOU~

2 :500 anI
7-12

Peak

1.51"
000 1.~,

0200

Last rain Last
8-1 rain 8-1
0,95 1

' 0.95"

Tail of
0.95"
rain

Las train
S~-1

0.95"

O. 13" on
8-10
time
1100.. 1200

LO\v £10\'1

6. Other Camp.
was 1816,
mls

90

First of
the pre~

sent dri
- camps.



FL-l

Par8.i:teters

8~" 16

Grab
1015

8~16 8-24 8-· 5 8··· 8 ! 9-13 9 13
Compo Comp Grab

3--14 102.5 on 1945 on 0830 on 1020 1130 on
20:50 to 8-17 to 3·.. 23 to 8 2S to S"- 1,2 to
1450 on 1945 on 0830 on 0820 on 1020 on
8-·16 8-,23 8-25 8-28 9-13

Alkalini t.y

pH

Temperat.ure

Specific
Condu.ctance

Calcium

l"Iagnes i urn

Sodium

Copper

Nickel

Iron

Manganese

Cobalt

Zinc

Sulfate

Chloride

Nitrate

Ammonia

8.00

23

1400

190

15 .

107

..02

.20

.02,

. 07

.02

.01

42
7.70

16

1675

149

13

97

22

.02

e 17'

.02

50
8.10

2600

302

26

240.

40

.04'

.36,

.06'

47'
7.55

22

2500

300

26

229'

43

.35

.02

.14 .

:OSb

,,02

1300

1

4.6

0.40

59
7.85

2700

41
7.6

14

2175

254

20

169

41

.05

.27
.• 03

.14

.02

.01

1100

1

40

7.55

2000

238

18
151

38

.04

.28

~03

~10

.02

.01

1000

2

1. All parameters ill mg/l except as £011,]1,,'5.

a. Temp~rJture = °c
b. Specific Conduct~mce =: lIDlho

c. Ni trCites and arnmonia are mg/l as ni trogen, total phosphorus is mg/l as phosphoT'
and diss.olvecl organic carbon is mg/l as carbon.

2. All meto.l values aTe'-fil tered, unless othen\!ise specified.

3. CO~l1p. == Composite a:::: Value 3ppears anomalous b = reanalysis

91

Total
PhosphoIUS

Dissolved
Organic
Carbon
Dischar'-g-e-at---~-""';f--'~.

time of sample 3441
(ml/mjn)

Total Volume over
con~osite (liters)

<.: 0.1 :< 0.1 0.2 -< 0.1

426

.<0.1



Comments 1.28" I 1.28 11 Lost
!4. Rain 0400 0400- rain

0800 0800 J
8~22)8-2

.60 11 on . 60" on 1.75"
8-14 8·"14 2000 on
.26" on .2611 on 8-22 to
8-15 8-15 1100 on

8-23

5. POTtion of
hydTograph

Peak Comp.oveT
rain 8-16

Camp.
over
rain

8-22,23

Last Last Last rain 9-10,
rain rain 11,12 2.46\1 total
8-22, 8~27 1.0011 1200-1530
8·J 2:3 0.20" 9-10
1.7511 1200- 1.31 11 0830-1200
2000 on 1400 9-11
8-·22 to .15" 0300-1000
1100 on 0-12
8-23

Tail of Camp. Tail of After
175" over 2.46" Peak
rain rain rain

8-27

6. Other

*tv1ean of duplicat samples

92



33

341

42

410

.28

.07

.44

.05

22

2500

7.75

.029

1700 I

19

26

<: .08

Grab
1030

8-4

:-1

..:;: 0.1

I
oj

o
1

b ;;:; reanalysis
93

4. a::: Val ue appears 3Jl0ma laus

1. All parameters in mg/l except as folljv.s.

a. Temperature = °c
b. Specific Conductance =:: umho
c. Nitrates and ammonia are rng/l as nitrogen, total phosphorus is mg/l as phosphorl::;

an.d dissolved organic caTbon is mg/l as carbon.
2. All metal values are filtered, unless othenvise specified.
3. Cornp.;;:: Composite 5. T::: Analysis rerun) see 10-'5-78 memorandwn from Serco.

FL-2

Date 4-26 I 5-25
I

6-16 7~5 7~13 I 7-·19 8·- 2
C' -1 t\'S2 Gra.b Camp. GTab Grab COHlp. Camp . Camp....)8Jllp 1. e

, A

1120 0330 115;) on 0810 on Start
I 7-·12 to 7~·18 to rain tI

0840 on 1400 on 0930 OI

7·,~ 13 7-19 8-2

PararGeters

I
-

Alkalinity

pH I 7.20 7.70 7.72 7.5 7.92 7.80 7.75

Temperature I 4.0 11.0 12 19

Specific I 1000 2700 1300 2000Concl'Llctance t 1900 4200
----_._-

---~-

Calcium 99 177 323 218 491 291 191

l\lagnesium 13 23 47 33 43 24 21

Sodium 101 241 555 313 376 189 241

PotassiUil1
! 12 15 23 28 37 28 26

I
.

Copper .038 .040 .056 .057 .049 .062 .08

Nickel .030 a .240 .200 a .316a .410 b .26.24

Iron .82 a .05 .03 .04 .03 .01 .04

Manganese .07 .16 .31 .22 .29 .16 .18

Cobalt .003 .008 .015 .021 .033 .01,.019 .Olb
.-

.-

Zinc .020 .028 .075 .084 ,09b .033 .055--_.

ISulfate 1400 SOOT gOOT 1 J:OO'1'

Ollaride 34 30 41 14

Nitrate 23 24 19

Arrnnonia .70 .55 .8

Total
Phosphorus <: 0.1 <0.1 < 0.1

Dissolved
Organi.c
Carbon I
Discharge at Itime of s3Jy le Trickle 192 133
(m1/min)

Total Voll£.e over
composite (liters)



Conmwnts
4. Ra.in

0.29"
06:;0 ~

0'1:30

Last
rain 6--1C
0.10"
2300-·
2400

. c''- ".; ILa..:> L 1 c1..,J

'7 -·1, '7-- 2
1,36"
1400 on
7-1 to
1100 on
7·-2

(),77"
from
1400
1600 &
2000
2300 on
7--12

LSI"
from
OOOl~

0200 on
7-18;
0,24 11 on
7-19
(time
illlknown)

Last
rain
8-1
0,95"

rain
8~1

0,95 11

5. Portion of
hydrograph

Camp. ave
rain 5-25

Lo\'l
£lm'l

Tail of
1.36 11

rain

Peak Tail of
1. SI'l
rain on
7-18

Camp.
over
rain
8-1

Tail of
0.95" rain

6. Other Initial
sample

94

First of
the pre
set drip
camps.



-2

84

10
74

950

567
6

.14

.12

.03

.06

.02

.03

7.05

17

9-13

Compo
Rain on
9-10 to
1045 on
9-13

30

13

7.45

725

182

22
138

.1

.10

.26

.02

.16

.02

. 06

.10

600

18

130

)-13
Grab'"

045

41

8-·16 r 8-16 8- 2:5 8-25
1

8--28 ~I
Grab Grab Compo Camp. i Compo
1345 1655 1000 on 19·-+0 on 0840 on :I

8-1'7 to 8 "" to 8-25 to,- "" ~)

1940 on 0840 on 0820 on
8-23 8-25 8-28

38 41 31 35 48
I7.80 7.75 7.60 7.30 7.55

23 1

1100 1200 1100 1600 2300 1
---r

I
108 116

I
103 170 253

15 16 15 24 34
95 104 86 125 196

16 I 17 18 28 I 32

Q
i

1" 14 b\ . 13, ",lS
b .11 .1012, . 14 . . ,),.

.18 .21 .18 .24 .38

.05 .04 .04 .01 .01

.10 .10 .10 .15 .23

A02 .04 .02 .03 b.05,.04
.02 .04 .02 .O~

,
.05 J_--

I500 500 460 680 1100

17 17 15 25 34

10 11 9,4 17 24

- - - 0.64 - <0

0.1 0.8 <:. 0.1 <0.1 0.1 1<0

17

-

632 420

I

8-16
GTab
1010

7.20

23

975

1500

1·14,.17b

I .15

.05

.08

.Olb

.02

100

12

88

! 17

type

Po. r31:1eter 5

U:1LC

Potassiull

Cobalt

Alkalinity

pH

Tei.lpe"rature

Specific
Conci.dctance

Copper

l'Jickel

Iron

Calcium

Magnes iUil

SodiuTll

Total YolLL"1le over
composite (liters)

Manganese

Zinc --------=-----+-
Sulfate

Olloride

~itrate

Amrnonia

Total
Phosphorus

Dissolved
Organic
CaTbon------
Discharge at
time of sample
(ml/min)

1.' .-\11 parameters in mg/l except as £011.:)\:5.

T O.,a. emperature = L
b. Specific Conductcmce = umho
c. NitTatcs and clmmonia aI'e mg/l as ni tl'ogen, total phosphorus

and dissolved l::,lrg::mic (.arbon is mg/l as c.1ybon.
All metal values are fi1 te red, Lmless othenvisc specified.

3. Compo ~ Composite
4. a =: Val ue appears anomalous b -- Teanalys is

9S

IS mg/l as phosphor'Ll':::



Comments
4. Rain 1,28" from 0400-0800 on

8-16 also:
,60" from 2030,~2,-lOO on 8·~14

,26" fTom 0001-0100 ;::md
1000-1130 on 8-15

,23" on
8-18
0001
0100

,60" on
8- '))
2000 2400
1,15" on
8-23
0001-1100

L,ISt
r~lln

1.75"
2000 on
8 22 to
1100 on
8~23

La.st
rain
8-27
O.:ZO"
1200
1400

Last rain 9 10 11,
12 2.46" tota.1
1,00" 1200-1530 :.)
1.31" 0830·1200 9··]
.15 11 0300-1000 9-J

Portion of
hydro graph

6. Other

Peak After
Peak

After
Peak

Water
. was yel-

10\'/

colored

Comp.ovel Tail of
rain 8-18, 1.75"
22 8~23 rain

Camp.
over
rain
8-27

Tail of
2.46"
rain

Compo over
rain 9-10}
11 J 12

*Mean of duplicate amples

96



Nitrate

A1!ffionia

Total
Phosphonls

Dissolved
Organic
Car°tJ OJ11 .

Discharge at ---l-
time of s~~le Trickle I
(f(1~/min) ).

Total Volwne over
composite (liters)

t
t

is mg/l as phospho~'

see 10-5-78 memorandum from Serco

19/8

r ;:;: PJ131ysis Terun,
b ::: reanalysis

97

25 r 6~16

I
7-5 7 1~~ 7~,19 8,-2

1
8<44 t

I
mp. Grab Grab Comp, Comp~ ~ r GraD l120S 0845 1210 on 1530 on -·S":l 1100 I

7~12 to 7-14 to 1800 to I08,lO on 1400 on 1515 on
7-13 7-19 8-~2

80 7.79 ! 7.3 7.55 7.85 7.60 I 7.65

6.0 9.0 22 22

00 3000 1600 1000 650 950
-'"

.06 214 142 352 241 96 156

24 57 34 46 28 14 24

22 372 a 102 207 - 60 88
15 21 23 32 27 21 26

13 .026 ,20b 0 .049 .' b I .08 .. 08.074, .. lJ.
~ 185 .282~.36b

. -- - I
42 a .405 140 .. ",b .21 .32.. )"::>;)

4 .06 <: .02 .03 .01 .03 .02

9 .24 .17 .24 ~15 .16 .. 16

SOC!- .012 .017 .030 .020 .010

I
.. 020

20 .059 .037 .092 -.055 .025 .044
i 1

~--

600 10S0r 5S0I' I 367ro 500

78
I

1234 35 17

12 10 8.0 11

1.0 0.75 0.2 <0.08

<0 0 . 1 0.1 0.2 <: 0.1

- I I"r-
496 BW

293 lOOOBW

I

1

s
Co

7.

12

62

10

12

52

4 26
Grab

675

7.20

4.5

parameters in mg/I except as foll·y,. s .

Temp~rat\lre :;;; °c
Specific Conductcmce = tL1Tlho
Nitrates and GlIllInonia are m~~/l as nitrogen, total OhOSDhorus
and dissolved orgcLnic ca.Tb~n is mg/l a~ c~~r'oon. J,. ..

factal values are IiI tercel J tmless other\v'isc specified.All

All

a.
b.
c.

Camp. :::: Composite s.
a ::: Val ue appears anomalous

2.

3.

1.

4.

Potassiu.J.1\

Chloride

FL.-3

Uatc:
S3i:!ple
'Jl~Lr~8

rvianganese

Cobalt

Copper

Nickel

Iron

Calcium

Alkalinity

pH

Te:.:perature

Specific
Concl"uctanee

r.Iagnesilun

Sodium

Zinc

Sulfate



Comments
4. Rain 0.29"

0630
0730

Last
rain
6,"10
0.10"
2300
2400

Last rain
7--1, 7·,
1.36"
1400 on
7··1 to
1100 on
7--2

O. 77"
from
1,~OO

1600 ft
2000
2300 on
7-12

1.S1"
from
OOt)l
0200 on
7 18;
0.24" on
7 19(tim
unknohn)

Last
nun
8~ 1
0, ~)5tl

Last rain
8 1.
0.95"

5. Portion of
hydrograph

Camp. over Low
rain 5_2'- flow

Tail of Peak
1.36"
rain

Tail of
1.51"
rain on
7·-18

Compo
oveT
rain
8-1

Tail of
0.95" rain

BW=backwater is present

*Mean of, duplicate amples

6. Other rni tial
sample

98

Fil'st of
the pre
set drip
camps. ;
camp. did. 't
drip over
rain
period.
Caught
tail of
rain fmm
about
0810 on
7~18 to
1400 on
7-19



• • • • . I

1 .. All parameters in mg/l except as follOY;s.

a. Temperature -= °c
b. Specific Conductance ;::; l.H'.1ho

c. Nitrates and arnrnonia are mg/l as nitrogen) total phosphorus is mg/l as phospll()1:.
and dissolved crrQ'anic carbon is mg/l as carbon.

2. All metal values are 0 filtered, unless othenvise specified.

Uat·2 8·-10 8-16 ~ 8-16 3-16 8··23 t
() ", r' 9-1~) I 9->

1
() L,., ,,)

SalliDl.e type grab grab gr:lb grQb Comp. Cornp. grQb Compo
1340 1025 1400 16:],0 10S0 on 1955 on 1030 on II 8-1.7 to 'I '] .-, to 9--10 to,) L. J

I 1955 on OS35 on 1020 on
3 ;" 8-25 9 13! .~ .J

I
Para;:,:;,t.ers

I
iu~~alil1i ty

I'

40 28 30 33 25 43 29

pH 7.90 7.60 7.65 7.60 7.50 7.30 7.3 7.30
Temperature 24 23 22 16 24 14
Specific 1900 700 750 800 750 1150 1350 29
Conc:t..lctance

,--,~-,--",----~

Calciura 348 79 . 89 83 75 115 147 120
Magnesium 51 13. IS 16 14 23 24 19
Sodium 188 l 42 SO - 46 45 67· 81 68
Potassiull 49 17 20 16 17 23 28 27
---_.. =

Copper • OS;I <> 07b . ,...,b· .11) :b l' ~"b .10 .08 .08 .09.11, .~ • Q~ ~

Nickel .S6,.S.7b .20,.18b .24,.l Tb .23,322b .19 .25 .30 .30

Iron .D1 .OS .08 .08 .07 .04 .04 .03

IManganese .28 .07 .08 .09 .08 .10 .14 .10

\:obalt .09 .02 .01 .02 < .02b . 01 .01 .03
I- --

Zinc ,- .073 .02 .02 .02 .02 .03 .04 .03 I
- ~---_.---

tSulfate 1200 300 300 500 750 567
Chloride 48 10 7 11 8 6 INitrate - 5.3 3.6 8.5 5.S -
.A1'TiITlonia <: 0.13 1.1 - 1.3 -< 0.08 -

Total <: 0.1 0.1 0.1 < 0.1 F;:: 0.1 <- 0.1

I
Phosphorl.l$

Dissolved
I

Organic t

ICarbon
~- . I

Discharge at 30 14,195 d 2839 2103 451· I
j

tme of sample \

'I(ml/min)

Total Volume \over

ICOfllposi te (liters)
I
l

I I
r·

anoTn::llous b == reanalysis

99

a ::.; Value·3. Coop. -= Composite

d B 1aCl':Ha tel' suspected



FL 3
Date
S~unp1c type

8 10
grab

8-16
gTab

8 16
grab

100

8 16
grab

8-23 1.8--25
Compo Compo
1050 on 1~.J55 on

8-17 to 8~23 to
1955 on 0835 on
8 23 8-25

9-13
grab
1030

9 J.3
Compo
Rain on
9-10 to
1020 on
9-13'



~~ab I
1245

400

Gra,b

1200

475

7.2 7.59

13.0 14.0

2575 23'00

207 223

28 31

275 308

39 Li-. ..)
_~c_.~

.026 .028

.314 .336

.OS .05

.22 ')7
.. k..J

.025 .028

124 .174.._~c___
-~.,...,--~

1400 1400

27 30

6

1

9

2

o

5

2

I
I

--r-----+-=-·-I
I
I

.I
i

a

7S

1978Table XXIII

1. fl.l1 pararneters in mg/l except as fo11ovis.

8.. Temp~rature::: °c
b. Speci fie Conductance =: umho
c. Nitrates and ammonia. are mg/l as nitTogen) total phosphorus is mg/l as p:1ospho~T

and dissolved organic carbon is rng/l as carbon.
2. All metal values are fil tcred, unless othenvise specified.

3. Corrrp. =: Composite
4. a := Value appears anomalous

4-26 I S 25 I 6~14 6~ 6 () ~ 2. °7
r

(:L t~ C.-~
U~" i

2:.idplz::: t >~';; 2 Grab Camp. GTab"( Grab ex-ab Gr~~

-ir.l;;;~ 0745 0800 0950 lOLl

I

I

ara-:1.2t::ers
"-~-----

kalinit.y

H 7.20 7.40 7.60 7.'70 7.49 7. -y

ernpeTa~ure 4.0 9.0 11 14.0 13.

pecific
1oncluct2.Ilce 1100 1750 2500 2600 1300 17

'-
alciLL'11 121 204 228 247 134 15

lagne5 iUl1 11 20 29 30 17 1

diu.7TTl 84 , 165 262 277 154 19

otassiunr 27 35 37 41 27 3_c
~

I

opper .018 .GIZ a .024 .026 .022 .02

ickel .03S a .210 .• 220 .175 .172 .21

Ton .42 a .02 .04 .04 '.01 .06

ganese .10 .19 .21 .26 .16 .17

.obalt .004 .012 .016 .015 .009 .01.. --
.inc - - .048 .112 .128 .120 .017 ~O4,

ulfate 600 ~.90

oride 17 20

itrate

onia

otal
hosphorus

issolved
ganic

arbon
-

ischarge at
ima of S3..11Tple Trickle 125 94 90 423
ml/min)

otal Vo1m.e over
omposite (liters)

»

P

Al

P
T

S
C

C

I

c

So

p

C

JJ
)

T
c

D
t
(

s
Chl

D
Or
C

N

N

Nan

;-\mm

T
P

101



Comments
4. Rain 0.29"

0630
0730

Last
rain
6-10
o.10 1t

2300
2400

Las
ra.in
6-10
0.10"
2 300~
2400

Total rainfall on 6~23

.29,t from 07 L15 - 1045

. 06 11 fro In 19 lS .. 2000

*Mean of duplicate amples.

5,

6.

Portion of
hydrograph

Other

Low flov Camp,
over
rain
5-25

Initi.al
sampl e

Lmv DD \II

sample
just
prior to
rain.

102

Lmv
flo\'l

Some
cloudy
grey vh61
filtered
on sur
face of
tmit.

\Vater
gTey in
color
prioT to
filterin c

Water not
as 1:urbid
as previoL:'::
sample.



I
6·, 2~) I 6 2 :S

t
6 23 6 23 I 6 3 I 6~· 2:5I

~ t;, Crzlb Grab7~ Gr[tb Grab Grab Grab
I" 1420 1540 1700 1.'300 1900 2100I II

I
I I!

t, .::::. -b~ c;:. r-'"
I"_l.~. ::J

---~ I
K~L inity

'.
7.45 '"I

7.45 7.82 7.S5 7.8 7075
" 14<0 14 7.0
J' " L£ic::

() .lctance 2650 2650 2650 2500 2625 2500- - - -

Il 225 223 215 228 220 216

i':: 8sit.m 31 30 29 32 30 30

Ic1i 300 296 291 .306 293 292

.ssium 43 42 41 43 4 :~ 42i.. -

1<
l) .026 .024 .020 .015 .020 .020

.336 .325 '.314 .360 .336 .320
i.

1 .03 .02 .02 .03 .01 .02

.23 .22 .20 .24 .23 .22
!. .026 .026 .022 .026 .023 .022- - --
inc .156 .152 .170 .173 .160 .154
I ,fate 1200 1200 1200 1300
~l.1oride

-
28 21 31 30

:rate

.:, ..,flonla

r'ltal
Jsphorus

)issolved
:,"7<aanic
! C:>

.rbon
- '~

Jischarge at
... ..:..me of sample 280 175

l1/Iillil)

Total Volume over
Jmposite (liters)

1. All parameters in mg/l except as foll0V.S.
~r 0..,a. emperature = L

b. Specific Conductance == umho
c. Nitrates cud ammonia aTe mg/l as nitrogen I total phosphoI"'tJS is mg/l as phosphorus,

and dissolved organic carbon is r.~g/l as carbon.
2. i\ll metal \'alu8s are til tered, unless otheTh'ise specified.

~. Compo - Composite

103



4. Rain Total ralinfal1 on 6···23
0.29" fTem 0745 - 1045
0.06 1f f:rom 1915 - 2000

o .35"

5. Portion of
hydro graph

6. Other Clear
water

Isco #2 15co #3
pH taken
61'"26
1350;
filtered
6·~ 26;
added tc
15c.o #3
for
SOr+ C1

Isco #4
pH taken
6 26
1340;
filtered
6-·26 ;
added to
Isco #S
for S04
and
Cl

Isco #6
H taken

0-26
1555;
iltered
t 1445
n 6-26;

(ept
eparate
or S04
C1

* Mean of duplicate amples.

104



··4

Uctte 6-23 6~26 6 7·· 7 7·· '7 7-7 7-7 7~7

,
I 7

\
SaIllpl~ Grab Grab Grab Grab Grab Grab Grab Grab
T1J:18 2~500 0920 08:50 0400 0500 0600 0700 0800 !

I

II
I

I
PJ.r2..72l:erS

-
.Alkalini ty

pH 7.7 7.90 7.58 7.65 7.60 7.45 7.2 7.3

Temperature 17 17

Specific
Conu:uctance 2400 2150 1825 2050 2050 2050 1200 1400_.
Calciui71 213 186 212 234 242 b 234 132 166

i-lagnesium 29 24 25 25 24 b 27 15 17

Sodium 278 l 260 1 ,173 b 201 220
b

239 137 156

Potassium 41 41 52 45 L1~b 42b. 2ub 2gb.h)

Copper .013 .021 .019 .017 .02 .02 .01 .02

Nickel 43Gb .260 .. 275 .290 .32 .31 .17 .18

Iron .Olb Oa .03 .03 .01 .02 .04 .01

Manganese .22 .18 .18 .20 .19 .19 .12

I
.13

Cobalt .025 .019 .019 .022 .06 .06 .02 .04
.. ~--

j
i

>,J.nc - - .147 .084 .073 .132 .13 .12 .06 .07
-_.~----~-- -

Sulfate 900 I 850r lOqOr - -
- 550

Chloride 28 11 ~} 9

Nitrate

Ammonia

Total
Phosphorus 0.1 <:0 1 <: 0.1

Dissolved
fOrganic

Carbon
.".~' --

Discharge at
time of sample 5 88
(ml/min)

Total Volume over
composite (liters)

~

5. r:;;; Analysis rerun, see 10-5~78 memoT8-Tldwn from SerCD,

All paTCllileters in mg/l except as £0110viS.

T O"a. emperature ~ C
b. Specific Conductance == UmJ10

c. Nitrates a,nd arnrnonia arc mg/l as nitrogen) total phosphollJS is mg/l as phosphor~',

and dissolved organic caTbon is mg/1 CiS carbon.
All metal values are fil ) unless otherHise .specified.

a :::: Value appears anomalous b"" reanalysis
lOS

Camp. = Composite

1.

2.

3.

4.



4. Hain , Last Las t

rain 6--25 rain
.04" 1800 '7-1,7-2
··,1830 1.36"

1400 on
7-1 to
1100 on
7-2

Tot~l rainfall on 7-7 
fTOIl 0600 1400

1.38"

5. Portion of
hydrograph

6. Other Isco 1t8
pH taken
6"- 26
1540;
filtered
6-26
added to
Inco #7
for SO
and 4
C1

Tail of LO\'1 flow
.04'1 rain after

1" rain

106

Isco Isco Isco Isco
filtered filtered combined for
1450 1455 S04 #Cl

Isco
filtered
1520 com
bined with
0900 for
general
paramet.e r s



FL-

I
7 7 7-7 ~

7~7 I 7-7 '7 7 I 7-· 7 7..·7
!

7 '7 I(;Tab Grab Grab I Grab Grab I Grab Grab Grab

I 08~)Q 0900 1000 1100 1200 1.300 1400 1500
I

"

7.20 7.15 7.40 7.40 7.40 7.40 7.15

11 11 11

1000 1450 1550 1275 1125 1050 9S0
- -- -----

176 172 179 145 126 l'ISb 104

18 18 19 IS 13 lOb 10

161 157 164 122 110 8Sb 80

1363 a 29
b

33b 268a 607 a 22b
---~--" .."""'-_._-

.02 .02 .02 .02 .02 .01 .01

.25 .21 .24 .20 .14 .14 .10

.03 .07 .05 .01 .02 .02 .02

.12 .13 .12 .10 .08 .08 .07

.02 .02 '" .01 .02 .02 .01 ~ .02
::::

.- .07 .07 .08 .05 .04 .04 .04--_.
606 550 600I: 450 . 450 400 250-1: 500

9 9 11 8 6 6 5 5

2_0 1.8 1.4

.76 1.1 .96

<:: 0.1 -< 0.1 <:: 0.1 -< 0.1 .< 0.1 <. 0.1 <. 0.1 0.1

-

Ie 13,360 11,238 ,8,051 5,002 4,732 6,489 . 5,344

over
iters)

I

All par3Jneters in rng/l except as fol1·Y"s.

T O ....a. emperature =: L
b. Speci£ic Conduct::ffice =: umho
c. Nitrates and a.mmonia are Eig/l as nitrogen) total phosphorus is mg/l as phospho:;:~'_~

and di s sol ved (lTg:':lnic carbon is mg/l as c8.Tbon.
All metal values are fil tex-ed) l..mless othen,jise specified.

C' C . . 5. r:::; Analysis rerw"1, see 10-5--78 memonuldu.m from SeTCOamp. ::: ompaslLc
a :;;: Value appears anomalous b:::: reanalysis

107

2.

1.

3.
4.

Iron

Sodium

i>1agnesiull

Cobalt

fyianganese

Date

l'iickel

Copper

Alkalinity

Potassiul1

pH

Tine

Temperature

Specific
Concl't.lct.811ce

Calcium

Nitrate

Ammonia

Sulfate

C.hloride

-------

Discharge at
time of samp
(ill/min)

Total Volume
composite (1

Total
Phosphorus

Dissolved
Organic
Carbon



Comments
4. Raj n

5. Portion of
hydrograph

6. Other

*Mean of duplicate samples.

Isco Isco
filtered
1530
combined
with 0800
for G.P.

108

Total rlinfall 0) 7-7
fror 0600 - 1400

1. 8"



FL-4

All parameters jn mg/l except as follo'us.
'1- 0-,a_ emp~rature = C

b. Specific Conductance == umho
c. Ni tra tes amrnonia DTe mg/I as ni tTogen} total phosphorus is mg/l as phosphore.:

and dissolved oTganic carbon is mg/l as carbon.
All metal values are filtered, unless otherwise specified.
Camp. ::;; Composite s. r::~ Analysis rerun) see 10-5-78 memorandwB from Serco.

a :::: Val ue appears 3JlOiTlalous b :::: r-eanalysis
110

7-7 I 7~ 7 t

I I \Grab Grab
1600 1700 l

I
I

T5 I-, t

ty

7.65 7.35
ure 11 11

9S0 1100
ll,ce

~-,----~~~"------ -- ~,-----c--
144 119

11 11

84 , 89
ml 22. '24

-~

.01 .01

I.11 .• 12

.01 .03 Ie .08 .09
I<: .01 < • OJ: I.. --

- - .04 .05
I -

430 T 4SG r --
r

5 5
I

I

15 < 0.1 0.1 I
I

d I
",-...,..-

, Ie at Isample 3586 2074 I
lume ove-r

I
e (liters)

2.

1.

3.
4.

r,!anga.nes

Potassit

i\lag11esium

Sodium

Calciu.m

Cobalt

Lu tc~

Alkalini

pH

Copper

Nickel

Iron

Temperat

Specific
Conclucta

Chloride

NitTate

Ammonia

Sulfate

Discharg
tiJne of
(ml/min)

Total Vo
composit

'Total
Phosphon

Dissolve
Organic
CartJon



Comments
4. Rain

5. Portion of
hydrograph

6. Other

T 1 j " '1OUL IlalnI~l or
7-7 =:; 1.38" trom
0600 - 1400

111



'7~ 7

C t

7-7

C

7-7

C b

7 _. 7

(' b

b reanalysis

-cc ,_112

7-7
1

7-7
C 1"

7-7
]

1. All parameters in rng/l except as £01101-,'5.

l ' 0..,a. emperature::.: L;

b. Specific Conduct.ance == umho
c. NitTates and ammonia are mg/l as nitrogen.' total phosphorus is mg/l as phosphor:

8J1d dissolved carbon is mg/l as carbon.
2. All metal values are filtered 1 unless othen'V"ise specified .

.). Comp.:-;: Composite
4. a == Value apP~;J..rs i..Ulornalolls

LC era) Jra)' llra) -Jra Jra -

I
)rac) Je;ll

T 1800 1900 2000 ] 00 I 22ClO 2:300 2400
I

I
I
\
I

PaT.:li-:'2ters
_.,~

.-\lkalinity

pH 7.65 I 7.50 7.50 7.45 7,40 7.55 7.65

Ter.rpe:-ature 11 11 11 11 11

Specific
1125 1150 1175 1200 1200 1175 1200

Concl~..lct2Ilce -,-----,- --'--'----~~----_.... _____,_l._~_... __.__.._...,....""..,~""""'"'_,__~.,.,_.

Calcium 129 128 134 136 139 132 189

.0Iagnesium 12 12 14 14 13 13 15

Sodiu'll 97 92 110 111 99 96 114

PotassiUill 35 26 b 38 37 28 b. 32 40
-~-~-

------l---~-
p-'

Copper .012 .015 .012 .014 .01 .01 .009

Nickel .170 .135 ·.170 .150 .14 .. 14 .160

Iron • OS .02 . 02 . 02 .02 .02 .02

Manganese .10 .10 .10 .10 .10 .09 .11

Coba.lt .011 .01 .011 .011 .01 b .01 .0
- -.

Zinc .- .049 .05 .047 .056 .04 .os .050
~".---"",=-,-,~-~- - -.-._----_..-

Sulfate 480 sao 540

Olloride 5 5 S'

NitT2.te 1.5 1.5

Ammonia .44 .40

To~al

Phosp~~orus
<: 0.1 ~ 0.1 < 0.1

Dissolved
Organic
Carbon

~ ="CV'"

Discharge at
tiJne of sample 2469 2055 1747 1822 1431
(ml/min)

Total Volume over
composite (liters)

I
j



4, Rain

5. Portion of
hydrograph

6. Other

*Mean of duplicate 8~ples.

Total J,3.illf811 C 1 7 7
0600 .~ 1400

113

1 38" from

Filtered Isco #1 Isco #2 Isco #3
inmwdi fil tered filtered fil tered
ately 7-10 7-10 7-10

1330 1330 1330



c,

I
7-8 '7 -·8 i 7~8 7 8 7 8 7~8 7,,8 '7 8
Grab GTab

I
Grab Grab G.rab Grelb Gr<1b Grab

I 0100 0200 0300 0400 0500 0600 0700 0800
I
I

I
I

."CU~i.e~eI~ 5 I
-alir1i ty

7.65 7.60 7.72 6.65 7.60 7.50 7.50 7.60

:1per:1 ture

1ciuct.2Jlce 1225 1250 1275 1350 1325 132S 1350 1400
~

Clu.rn 194 212 210 224 233 245 lS9a 168,17S b

I 18Siwll 15 16 15 12 16 16 16 17

ll..ITfl. III \ 121 118 116 121 124 113 119

.assium 39 43 40 40 41 42 34 .38
- -

per .014 .012 .007 .014 .012 .009 .02 .02

_kel .160 .160 '.170 .225 .215 .205 .18 .18

)n .02 .04 .07 .04- .03 .01 .02 .04

ganese .12 .12 .12 .12 .13 .14 .11 .12

.011 .015 .013 .015 .015 , .015 .02 .04 b
- --

lC -: .049 .049 ass .053 .061 ~O56 .05 .06

fate I
.- 6S0r

oride 6

rate

lonia

al
0.0.sphorus -<

'solved
fanic
Don

",,=•.
~

-charge at
e of sat11ple

./min)

a1 Volume over
posite (liters)

i'!ic

J.t

~ l

Zil

'ul

t..hl

rc

'-fit

Tot
Pha

Dis
Orb
Car

Di::,
tim
(m]

Tot
com

1. All paramet.ers j.n mg/l except as' fallm;s. "
'f . 0.·,a. emperature = L

b. Specific Conductance == umho
c. Nitrates and ~1Jlrrnonia .;:tre rng/l as nitTogen) tot3.1 phosphorus is mg/l as phosphorus

and dissolved orgmic C3.rbOll is mg/I as carbon~

2. All metal values ar'e fil tered, unless otherl'lise specified.

3. Comp.::: Composite S r = Analysis rerW-I, see 10-5-78 rnemorandLU11 from Sere

4. a = Value app~~u's anomalous 114 b:::: reanalysis



COllunen ts
4, Rain

5. Portion of
hydrograph

1 • .38" =rom 0600 ~ 1400 oj 7-7,
1-8 to 0200 on 7-9 I

I
0.1[t1 from 1 00 on

6. Q:her 15co 1t4 Isco itS
Filtered Filtered
7-10 7-·10
1330 1330

15co #6 15co #7 Isco ff8
Fi1tere~ Filtered Filtered
7-10 7-10 7-10
1330 1530 1530

115

15co #9
Filtered
7~10

1530
Lack of
H 0

2'

Isco fflO
Filtered
7-10
1530

Is co 11
Filtered
7-10
1530



b ::: reanalysis

/-8 I
l ~3

I
.,

~) I I" 13 8 -+ I 3-15 II

I
I

!I Ib Cl:ab CI':.~b' Crab I C;r:1.~ Grab COUlD.
\0 :20UU ,~3UO 01UO 11 ~1O lUlO () I-I,0 to I

OSl30 on t
I

8-1.5 I
I \

I
I
I

I
3J I

3 7.55 7.40 7.55 7.63 3.00 7.30

22 21

0 1650 I 7'00 1550 1100 1.2 75 iI
~.-..

I
7b b

J~~ 191302 212)222 300 ~/.) 201
f

6 21 21 20 18 13 19
I

\

1 155 152 lc.\.9 153 lIS 158 I
7 48 42 46 44 43' 39 I-

1 .012 .02 .009 .012 .020 .02

l
a .255 .26 .240 - .20 a .24

1 .02 .02 .02 .02 .02 ~02

6b .18 .16 .16 .14- .14 .15
-,b .019 .03 .017 .015 .010 . ell.)

6 .064 .07 .005 a .00-:1- a .052 .07--,-._---(
!

-

0 950 r 850 660 800

1
7 3 6

') ? 1.2 1.2'-.-

0.90 <: 0.08 1.2

<o.~ c:::: 0.1 < 0.1 -< 0.1

- -

95
..

5. 1'::: .:\nalysis rCI'W1 J see 10,-5-73 rnemoraaclu:n from Serco.

< 0.1

7.3 7.4

1425 I 160

303 ~67)17
20 1

153 12

49 3

.012 .0

.255 .2

.01 .0

.16 .12, .1

.019 .0

.064 .0

95

8

I 7 8 7 (l
l l 0

L.~ I
\'., ...

Gr:;b GraI .'
TL' 0900 160

S~)eci:'i=
(OIlc.lU-': ~ 2.:"1ce

PotJ.SSiU~ll

r'pn

Calciu.'"J

1. All par(1nleters in Elg/1 except as foll.:J'"s.

a-. T - -C1DPl"a-'--UrO -. 0,-,t::L ,L -' (L. '_, - '-'

b. Srecific Conduc tJIlce =: umho
c. ~LtTates 2I'~:1 ~lre nls/l as nitrogen, total phosphOIiJS 15 mg/l as pt~.osphvc'

and dis501ved organic carbo;1 is mg/l as carbon.
2. :\11 E::U~l values :J.re f i 1tc ) unless o:,IE;r.,;is:; specifit~d.

Sodiu..'Ll

Guorid.·:;:

Copper

~hckel

Iron

Sulfa\:2

Total
Phosphorus

Dissol",oed
Organic:
Caroon

Discharge at
time of s3Jl::;?le
(ml/min)

Total Volu:ne over
composit.e (liters)

_.... 1.16



C()i:~r;ll::n t:;

4. Ra >l

I I
1.~)S!l f.~om 0600 ~ 1400 on f" 7) 0.15'
from llW 011 "78 .. 0 U...!UU 011 7-9

0.77" Last.
from 1':..11n

1:.lOO··160U 8-1
and 2000~ 0.05"
2300 on
7~12

5.

6.

Port.ion of
hydrogr.:lph

Other IseD #11 "rseD fc19
Filtered Filtered
7-10 7-11
1530 1520

Isco ~23 Isco #26 Isco #28
Filtered Filtered Filtered
7-11 7-11 7-11
1520 1515 1515

Tail of
O.?i'''

Tail of
0.95 '1

.60" fTom
."2030- 2·1UO
on 8·-14;
.26 11

fJ::'DlI\

GOOl-DI00
100U 1130
en 8-15

COffiU. 0'1':;:;

I'3. in
8 14,15

*l'·1ean. of duplicate _amples. "

117



I
8-16 8-17 S 18 (3 :~ 1.

I
CJ ) .~

8<23l)" '- .J

Compo COli~P . CO!;lP, COlli::) •

Start (::
1·f.~) S on ()::;OO 1~;UO (183\) U :';uuI OL on 0:1 on un

rain to S-l() to 3-17 to S-1 ~~ to ::;- 21 to <23 ~o

1435 on OSOO on 1500 on CJ33U on USOU on 1~l·lJ on
8-16 8-17 8-18 ~~ ... 21 Q ':, .• 3-,2::>u - i.~)

g·-23 1 (.\-25
Co~:;m. COfTlD.

1--1. .1 ':1' 0 n I 19 :2 S \) f1

.s<::3 to 8-23 to
11925 on 0835 on
\3-23 '3-25

23

7.55

<.0.1

18 21

.ss

1-1-7

-,
,).L .),)

7.70

< 0.1

67

!
;
I

l ~-O 1--0 I
.::..) / J r

'--~------~-----l

216 IIII

11

30

7.05

1000

-< 0.1

0.96 1.2

1400

29

7.65

-<:0.1

7.75

2050

36

7.GO

1850

-<: 0.1

355

41

29

7.29

1175825

28

7.50

118

11

<0.1 <0.1

Aital iJli t::

Chlorid~

Terfl.:D2r3.t:.ure

Calci0..'il

pH

r:obalt

Nitrate

Copper

Nickel

Iron

Zinc

l\1agnesium

Soc.ium

Specific
ConciJC:~-:3n':::'2

Sulfate

Total
Phosphorus

Dissolved
Organic
CarDon---------t-----..:...-------+----------i------""'4------.------

219 271 155

21 27 16
-

60 158 110 142 102

Pota5si~'1l 2:6 1 ' 4!. 50 31 3') 36 ~16 I
---.:.........-._-_.:..~----_.-i--~._-+-----:;::...:."'::....-...·----;~--·~'-..:::.......-i~--·--_r----___.-----~--=..:::-~,.....-~-·I

• 0 2 • 0 3 . 0 8 • 0 2 . 0 2 0 >' •02 I
.13 .20 .2 .32 .18 .11 .1.4 .2.4 I

.03 .04 .02 .46·~ .01 .01 .0-1- .01 I
I

.09 .12 .16 .20 .11 .OS .10 .J.4 I
)

b I.02 .02 .04 .04' .03 .02 .02 .03 I

'--:~("':";_~~~;,-~\-.':-.. -1--

1
""'-0. ~::£-.;"""S__-'----'~~0 b ~__;:__1 ---'-5..u~""'~--~-6:'-;>~=:..o)~~_---"'_-"~"':"':-"'~__ I

1 3 " I13 vI.) 2 I
1.2 2.2 1.4 1.5 1.3 1.4 1.-+ I

1.0 I

I
\

Discharge at
time of samole
(ml/min) "-

Total VolLI.i7(2 over
composi~e (liters)

1.' All

a.
b.
c.

! /\11

parameters in ng/l except as foll,Y"s.

'-""1 erT\,,~::>..,...rl -'-llI'P ::.: °L'• dJ:J.'.l. c..-L. _

Specific Conciuc tance :::: UJ;;ho

:-<itro.tes and ari1lT',onia Gre mg/l as nitrogen) t.Clt3.1 ph-Jsp:--;.or,-~:3

and dis:;olved or C3Tbu:l .is mg/l as carbon.
metal values, are filtered), unless othen'l'ise speciiied,_

15 Jng/l as phosph()rL~::::

.). Co~.:::: Cor~posi te
4. ll:::: Value appeClrs aDc'malous

118
b reanalrsis



Co:np. Tai 1 of
over 1.28"
rain 8-1' rJ.in

J~r(),n ~2U()O-.2·}UU on
1.1,)11 f':'(l1fl OQU 1.

OUO on
) " ') to!.-, --.-

1100 on
',' ')-
,) - _.)

Las t I' 3.l il

1 • '7:) II

T'ail of
1.7.3" rai::-lpeak

Aft 8::Peak

. ti()I!

110U

Before
peak

Lo\>!
f10\-/

Last ""iii
8-18
O. :? ~)II

0001
Ul00

Tail OI

1.28"
rain;
Compo
over
rain
8-18

Lest l'''iJ o. ":,"
QI ~ 1 -. Q I, "'J () ,u""b .• /.u ld 1-

0400- 0100
OSOO

1.28"
0400
0[\00
.60" on
8-14
.26" on
8-15

5. Portion of
hydrograph

Commt' II t~;

il. Rain

6. Other

119



L '.

r I
s :?~;

Comp, .".
;d~L:)S un
~')-2S to
\p:) L5 ()ll

,-20
I

S) .. 1\
('ump.

~)-lU to
U~L~.J on

Sj-ll

9-1.)

l1U{)

C) -l.i

110\)

9·· .L~) j

q lU
Curl tCl

l.Lc)Cl 1)11

9--13

Speci£ic
(oncldct.2.ii:::e

41.8

7.55

2350

35 34 ""1.J -t

7.30 7. ~~o 7 . -ill

12 12

2300 1875 187S

6.9

1200

280 256

29 26

187 219

60 59

.03 .03

.34' .34

.'02 .06

.19 .20

.04 .05

.10 .08
-----!-.

12.50 1200

2 10

2.4

30

3

11

123

.01

.13

.06

.09

.01

.03

...::: 0.1

226 226

21 21

120 119

51 52

.03 .0:5

.25 .25

.08 .03

.16 .16

.05 0;1• ~r

.06 07

11070

2

1.4

<0.08

<: 0.1<: 0.1-<: 0.1

Cobalt

Calciu..11

J."Jickel

Zinc

Copper

Iron

r\lagnesiu..Jl

SodlL.."Tl

l·Iar..ganese

Sulfate

TOLJl
Phosphcru3

.Nitrat2

Dissol ':ed
Org~lic.

Caroon

Discharge at
tir.le Or sample
(ilU/rn..Li)

Total \--ol~r:;Tle over
cOGposite (liters)

1. All parameters in mg/l except as £011'.7,,5.

T O.a. en~9rature = L
b. Specific Conc.uctance = umho
c. ~\Iitratc::s and an1monia are 1. as nitrogen) total pho.:;pb):::lJS lS T:1g/1 as pho...;ph/·)·:-

and dissolved oI'g:tnic 15 1 ;:lS -1.

2. ,-U 1 rae L::ll Vo.1U25 are fiI tcrcd, tOll'2SS othen~'i:;(2 5p:~cified.

.). Camp.:::: (o;Jrposi te

120



FL- .~

Date
Sa:: lfJ ~._~

I.u:lE:

Comp. ,~:

(l~)3S on
8-25 to
0815 on

9-11
COI;lp.

9 -10 to
O(\~):) OIl

9··11

~) -13

11 ()()

~j .. 1.)

gr~;b

llUO I
9-1~)

. ~OI::P,
') - LU
(]lJ1 to
LIUU on
9-13

4. Rain La~)t rail ('''''l.aO '1 i~ast fcl.if'tj :1-10,11,
""-, f . ) ., ~) ."'1' -S-L/ rom 1_00 l~ ~.~p tutal

0.20" -1530 on ~1.00'1 p.=~()O-1530

1200- 9-10 9-10 I.
1400 vl. 31'1 O,S30-1.~OO

9-11 I
.15/1 03 0-1000
9·-12

r
:>. Portion of

Hydrograph
Compo
over
ram 8
27

Comp, over Tail of
rain 9-10 2.46"

rain

Camp.
ver TaID
9-10,11,
12

6. Other Total
Metals

Took 150
r:-Lls of
each of
3 camp.
and added
together
9-10 to
9-11 0335
9-11 0835 to
9-11 1145
9-11 1145 to
9-13 1100

filtered
metals

,:. i\Ie::Ll1 of duplicate samples
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Table XX[V

J
I
i

I

I

I

I
!
I

I

All paraTr'.eters in mg/l except as £oll,y,. s.
"" 0..,a. lemp>?rature = L

b. Speciiic Conduct:1DCe =:: tunho
c. ~itTates and cu-rITTl.onia 8ye mg/1 as n.itrogen, total phosphoTUS is mg/l as phosphor

and disso1\-2d orrrCLnic carbon is mJ/l as carbon.o 0

All metal values are fil tered) unless other"lise specified.

Comp. ::;: Cor-:'.posite a := Value 3ppears ano;na1ous b = reaTl3.1ysis

122

1.

.).

1 leI ~ ,

I
4-26 I r , ~" () -Ie) ~. - 7- L3 '7 19 ,) _ r)

! 3- 7L,. 1.-:'. J ~ .) i i - .) I U ~

L:::: t;:;;:? grab [UI;;1.-' . grab :;Llb I C:ump. Comp ~ Compo
T I 1115 (i::; U'J 150 on o,:) ()(j on 8-1 090U onI

I
7-12 to 7-1S to 1 "i'CJO.. t.o 8-2 to
US30 on l~;)O on 09UO on l ..LJO on
7-13 7 -1~) 8-2 Q I

I u-~

I
P::t r:~--:.::: t 2~·.3

...UkJ.1iE2.l:y

pH 7.20 7.6 7.5 7.0::; 7.22 7.-1-0 6.95 7.05
Te;.r;:>er2.ture 6.0 13 L3 20 22

Specific 1750 2500
I

,3300 :::950 2050 18::;0 1600
Conc.i:...lc t. CL.YJ.C e I

Ca1ciuAll 190 279 366 ~J-

357
b 565,S96b 264 288.) .... ,)

{,lagnesium 11 21 26 29 27 29 19 21
SociiL.!'U 153 .. 273 336 231 248 245 139 ISO
Potassium 6 10 I 15 13 14 16 14 12
Copper .020 .021 .044 'l,b .090 .141 .25 .28• '+

~\jicke1 .445 .780 .835 5'.100 6.7 b 21.5 9.22
b

11.3..J.b

Iron 1'"7 a .02 .03 .02 .0+ 0') .0:+ .05• I • t...

Mangc..nese .27 .89 1.40 1.29 1.67 2.40 1.9el- 2.22

Cobalt . O-~S .136 .160 .195 .81 1. 9,2.42 1. 22, 1. 07 1.39, 1. r.. _.
ILjStc .096 .174 .257 .23U .396 I .3'70 ...L.>JI......

ISulfa::e 1800 1300 1300 700 850
78 50 S9 J- 7-Ol1oride \

£..J ~~

:\iL:Tate 39 5~~ 43 jG
_,,\rrmonia 13,' 12 4.6 6 ()

~0

To-::al

I
<: 0.1 0.1 .4 ...( 0.1Phosphorus <

Dissolved
Org2.nic
CarDon

-
Discharge at trickle 192 370
time of sample
(ml/mirl)

Total Volu;ne over
composite (liters)

I



L;L-;t rail wst Y2111

3-1 3-1
0.95" 0.93"

lUte'

.f. Rain

,)-

gl'ab
5- 2r)

COlf'p.

0.29"

6 .. 16 7-5
grab ~J

1LlS OSOO

T '1..::t l'J.~.-J LJc.::.i- r':tin
.LIL ,J L _J.-1 .. , -. c .. _ ''''''-j ~ ~

6-10 1:'-111-'~'
0.10" 1.36"

2300 -2~WL' I-J.O 0 on
7-1 to
110U on
7-2

7-LS 7-19

l L,JO on OC)i)(J on
;'-12 to I--IS to
033Cl on l·~ UO on

7·,1:5 ~17-19

0.77" .SJ" fron
froTI JOtl1-Cl:UO

I-fa 0- 1CD 0 0 n 7- 1S ;
::-t~-~(~ 20UO- 0.24" on

=300 on 7-19
7-12 1400

,~- :::
Cm..--:J) •

0-1
1/OU La
09UU cn
s-.:;

CeCID.

C~:Ul) on
:3 - 2 to
J. -LJ\} on
3-2

:>. Portion of
hydrograph

6. Other

Camp. over Low flm'i Tai.1 of
ralll 1.36 If

5-25 rain

1') 7
,-J

Peak ail of Compo Tail of
1.51 t1 ra.ir: over TaL G.9S!! :t3.i.!

on 7-13; 8-1
First of
the pres nt
drip
ccmposi t YS-



I,

iIlg/1

parameters III mg/l except as fol1~,s.

T o~efi1p:;rature = L
Specific Conductanc,e = UI~lho

NitT3.tes and 3.T1UTlOl1ia are ;;-;g/l 3-'::3 nitr·']zen, totCll phosphorus 1S

and elis so1ved oTg3I'.~.C CJ. T',)on is 3.S C CL rb'):1 .
];;8tal v.J.lues are filterc.:::c, u::"'..leS3 othe:~\·/i52 specified.

a.
b.
c.

I.' All

I
n I

,
0-1U S--1 () I IIJ 3 -ll1 I I IL::l L ~' ; : ,,> 8-17 ,:) 13 3c) - L r u ~) . -

gr~lb
!

::~

I ~~ r: L~) gr:lb,.

l
,( 'f ~~Llb Compo.::>

l ::J~-::" I lUUO 13:20 CnelS 1. 3.-;U 17\h) 0815 1::;00 1100 on
i I 3-17 toI

I 0910 on
\

I :3 -23I

I
I

P,l C~~"';"..2:; -:::. ~ .~.:; I
I

r\1kc11inity ! '7 6 .) ;.~I 10 I
pH 6.30 5.50 6.1U 5.S0 ::;.130 5.23

I
:+.35 "~. ~5

Temp~r:lture 22 22 15 71 16 16:...~

Speci£ic 2350 4000 1150 1730 1575 2100 3100 1750
Conci\:.,ct2.I1ce i

Calcium 483 636 202 264 270 400 b
~50, 200

I\!agnesium --:7 47 20 27 31 40 b 44
0

2:1.)~

Sodium 238 > 338 97 III 106 178 0 --1 112..)~-r

Pot:J.ssiu:n 17 I 20 9 11 9 _IJ 8 9-- -----,.-

hi
I

---_.--
Copper ./).13

b
1.28 .5S a 1.30 1.59 7 ,~ 2.93 1.10_ •.:U

b
15.26'0 '),1 o~b IS O_b 40.3S

bi:hc:ke1 3.23 I 3.31 -,. / - . .) 42.21 15.98
Iron .05 .12 3.38 9.?3 10.78 11.S-} 5.28 .26b

Manganese 3.32 4.:29 2.18 3.15 3.85 5.1-1- 5.87 i..58

Cobalt 1.77~lb9Jl.96y2~439 2.63 ~.05 4.69 6.73 -: .22 2.86/-- --
I .774 11.18,1. 251Zinc 4) .66 .79 1 . .2-+ 1.~5 .59. '-' , I

I

I
S1J1:f3.te 1400 2000 900 SOO 800 I SOO 1-1-00

I
Clloride 44 52 19 20 I~

I
- 1 171-1

I
..)-+

~'1i trate 83 - 38 4.+ - - 67 33.),)

I

Arrmonia 7.5 8.5 4.0 - - - 4.0

Total <: 0.1 < 0.1 < 0.1 < 0.1 <- 0.1 <.0.1 -< 0.1
Phosphol'"tJ5

Dissolved IOrganic
Carbon I I--- "- I
Discharge at 333 147 11,.356x 3785 270.+ 171'+::< 498 -
time of sample

J

(ml/min)

Total Voll1'11.e over
composite (liters)

i

3. Camp. = C02posite

a :::: Val ue Jppears anom::l1ous
of (luplicatc=; s;:u~lplc~ x

(124) b:::: re~nalY3is



I-'L 5

U:LLC'
S;
Til:it'

8 -,~

grab
8-10

<tb;';
8 - Lb 8-16

ab
S-1(J

gr:lb
1 S 17

~~r~lb I
C' Ii)0-_ \) I 3~23

I~=-IJO on
It:::>
J91.0 on

o-wu -osoe

4. Rlin J.st rain Last rc-un
__ 8-1 8-1
0.95" 0.9S"

0.13" on
8-10

, 1100
1200

1.2B" fljorn 0400-0'00 on
8-16 aLia: 0.60" from
2030-2~l\O on 8-14
0.26" fl oill 0001-0 OD and
1000-01tO wld 100 -1130

L:1St
8-16
1.28 '1

r.Jic 0.23" .~31f on
OOOl-OIJ~OOOl-OlOO

.6u" on 3
20C~I-2-~l)D

1.15 fl on
OOOl-llOU

5. Portion of Tail of Low flow Peak .<liter ,-\fter Tail of Tail of Before
hydrograph 0.95 11 peak peak 1.28" o ')-11 peal.o(• .:....:J

r8.ln rain rain

6. Other

125



() S3~) un
3-25 to
OSlS on
8'"23

C) LJ

11 ' ~ [

I ~~L12 I
C:Ol11p. I

_=: ell) on
)--11 tu
LLl ~)~) 0n
-) -1.2

I () -13

~Jab
11 \)\)

Al kal.L"'li ty

4.00 3,90 4.25 L~ • SO 3,50 3.62

21 17 13

I
1300 2300 3250 1475 2650 3250

__~.L...

207 344 395 140 260 I 312
26 42 50 20 50 I 65I102 177 220 79 133

I
183 I

18 9 17
I11 IS 21 I

'J
1.80 '3.15 3.95 1.31 7.28 10.30 \

24.5 39.40 43.00 18.00 67.00 83.00
7.75 2.78 2.38 .75 24.00 b 25.0 ...;
3.40 5.40 6.47 2.90 I-J.Ou 13.JJ
3.94 6.36 7.76 1.51 4.88 6.17

.66 1.18 1.49
\

.56 1.75 Z.~6

700 1200 1500 700 1550 1900 I
I

16 22 30 8 9 15 I
34 54 64 - - 46

- - 8.3 - - - 0.1

< 0.1 <0.1 <: 0.1 0.2 <0.1

Specific
Conci-Llct::mce

pH

Manganese

Cobalt

Sulfa .... 0
Lv

l,ILlor id2

NitTa ...... 0
Lv

,Amrnonia

Total
PhOSDhonls

Disso1ved
OrganlC
Carbon

Calciwll

H3,gnesiUli1

SDdiLW

PotasSlu.i1
-------~_..-

Copper

Nickel

, Iron

1 ,

PrLO:3l' [:.J

b ;.: Te.?..nalysis

7218801 c

c ;~verage value COf.:puted from [1o\v meter reJdings o\-er
intervJl O~I·l5-1~-lS(126)

J-Ul paro.rneters in mg/ 1 except 3.5 £011·:7,,5.
r-' 0....,a. lemperaturc = L

b. SDecific Conduct31\ce = umho
c. \ltr:J.tes and ammonia aTe mg/l as nitrogen, total phosphonls is

c-u1d dis solved or:T 3ni C cJ.rbon i s r.l~/l as carbon .
..::> - .., . ~.- I· & •

:Ul metal values aTe filtered, unless otnenr:..se s~ec:fled.

C a ;;; Value appears anoll1::l1ousO:11p. ::: Compos i te .1-.

1.

3.

Discharge at
time of sCL-:1ple
(TIll/min)

Total Volume over
composite (liters)



JIJ:lC

.:~. Rain

5. Portion of
hydrograph

s- ! ~, S '7 .• (, () 9- 11 9 -, 12 9-13 9- 1.3l ~. .) ~.) 'J t)

Cor;;p g'rtl;)
i)~) 1U OIl lS3U on ();~:::, :J un 11-; :; 1. on :LIeU llUUt' J-. v) 3-.2.) to c; - 25 to ~) -11 too -.~ ,)

1~3() on ():) ~):> on ()S15 on 1'f ,):; on
-;- cy- () ')'- ('I I () 9 -·12..)- -_I ,) - .;.... ;) ,)--u

.23" on Last rain L:lst lClJr 1.31'1 Last rair 9-1U,11,.~
8- 18 8- :2 2 , 2:3 S- 270S::;0-12 0U 2. If 6 I' teL3.1
0001-010t 1.75" 0.20'1,::0: 1.00" .200-1530 9-10
.60" on 2000 on 1200-14,00 II' from 1.31" 13.30-1200 9-11
3 - 22 S- 2 2 to 1201] -1530 0 . 15 1

, J300 - 1000 9 -12
2000-2400 1100 on 9-10

.15" on 8- 23
3- 23 _
OOOl-llOe

Jeak and Tail of Compo Before Pe3.k and Tail of Tail of
fter 1.75" rain over TalE Peak after 2.46,t 2.46"
peak 8.27 peak Tain Ta1I1

6. Other

127

Total
I;1etals

Filtered
metals
split hith
A":la,,'(



~
Ci:!,

I
I~ - .~6 I 5·· 2:] [ 6- L() 7 ,) 7- 1-lJ I) ., 8 - L~U - :~

L~
I

grab 1•J> prJb

I
Compo Cump . [CT:1D. gr:1b

I
1"..':1 !l -=1\J

-_.
JIlO () <, ,', II 11 ·LJ~ .\.-..<~: ~- ~~ I ~ ,) ,I en ~J r1 St.:1Tt. of U930

I 7- L~ to
..,

.- I·t, ~.() CLl..n ~o

I OC;::;() on :1:.'/no cn 1 1-i-35 on
I I' --13 ~

-19 (' J

I
I,r~

I II
? 3. r ::':.;;-:~ t 2r .:3 I I I------ i

I
I,-\1 kal iJl.i ::y I

~rl 7.25 7.25 7.12 7.4 7.:+9 S.l 7.70 7.75
Te:;me~cJ.LUTe 4.0 15.0 12 13 7- 22 I_.:J 1

S~ecific >5000 8860 c+6l0 3'~C:O 2600
I 4150 I

l.onc.\-lC":.2..,,'1Ce I r
4 ~_b

I --I
Calciu,rn 478 840 1028 .):J 794 5-+0 2.58 451 I... i . 139 152 206 1.11b 124 93 61 120i'13.gn.e s It.:m

Sodium 535 862 1106 491b 685 503 260
Potass it~.rn 12 18 ')7 17 16 ' J 9 12L.. .... ..L~-

ICopper .088 .121 .258 .060 .118 .092 .06 .11, . 1 )0

>iicke1 .540 .740 .665 6C 8'1b l~ OSb 1.0,.72b .63 .93. J,. .:...
Iron .28 .12 .12 .02 .03 .uS .05 .04

Manganese .60 1.14 1.64 .70 .95 '/-

I .62 1.04-• I :J

Cobalt .030 .062 .059 .051 .067 .052

I
.035 .17,.!lI·)

-- '-
Zinc

.. .022 .003 .033a .006 .014 .006 .020 .030----.-.- -----;-.-
I I ISulfate 2000 1450 1300 I 9SU 1700

GLlO:r:±'C.8 420 607 312 I ISO 3~O

~~i tT2.te .+00 160 --l-S 210
AlT."'LOn is- 100 100 70 100
Total <0.1 1.9 0.1 0.1
Phosphorus

Dissolved
Organic
CarDon I

i """"~

Discharge at Trickle 135 223 287tir:-te or sample
~Ti1l/min)

Total VolLIri1e over
composite (liters)

I

1 ..

2.

All

a.
b.
c.

All

paT3J-:le ters in mg/1 excep t t1S fol1<Yt.s.
~. 0.,
.l er.r?~~·-ra ture:::: L
Soeci£ic Condu~t:~nce::;; umho
"L. ~ t 1 -. /1 "r 'n.~ t~- ttl l':::; ,..-,,,/1 a'- ptlO'~~J"""-'1,lLYcLeS anu amlTOi1Ht aye fil.~Z -~ (-L.) J- .... .l.o:;;:en, 'O:l pnDs~r:C:-L~5 -' J.l.::, ..L c:;:' • l ,:)11:./

and eli s so1ved or~3J1ic c=trbon i:; mg/ 1 ~lS carbon.
r:letJ.l yailles J.re~ filtered, unl'2ss otrLer.~·i.3e specified.

3. Co~p. ~ COGfosite
4. 3.:::: Val Lte appe:J.r:s ar:on11.1ous

128
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rL- II

COII(~) •

L14;) on 1.330 on
7-12 to /-1·\· to
0330 on j~)UO on
7-13 1'-19

-l ;~ 6 S ) r 6 - ] 6 7 -":;!, J

grab Comp zrab
1120 () U

'I' .- J.::; I' - 1.'0

Como.
St~lr·t 1I :=-1

leun to
1-:~3S on
8-2

3-· 4
~i3.b

0930

-J.. . Rain

6. Other

129

Last
8-1

0.95 11

Camp. Tail of
over ra' I 0.95 11

8-1

Las t TaiE
3-1
O.95 ft

1.51"
from 0001
U200 on
7-18;
O.2~rr an
7-19
(time un
knmvl1)

Before
peak and
peak

0.77
from
~WO-1600

nd 2000
2300 on
7..-12

PeakTail of
1.36"
Tain

Last rain L.lst rain
6-10 7-1,7-2
0.10" 1.36"
2300-2400 1400 on

7-1 to
1100 on
7-2

0.29"

1 Comp. ave L')ll'l £lm'l
-alTI

5-· 25

Portion o£
Hydrograph

-
.) .



pH

Temp::-::"2,~~~:"e

Speciii:
Con8.;...!.::t.=':...;'l.ce

Calciu..'7l

SodiUIJ.

PotasSill.c-:l.

Copper

l"Jickel

Iron

Manganes2

Cobalt

inc

Sulf2..~e

i\mmO"DJ.3.

Total
Phospho~_t?

Dissolved
Orgallic
C8.Tbon

'Discharse at.
tiJne of s2.:-zple
(ml/min.)

Total \"olL88 over
composite (liters)

I
S-10 g--I.e) : <3 --16 I 8-17 R -) i3 - ~) 5

I
c' ') n 9-13I <-. .~ ,) I 0~':,0

!I I I

Grab Cl'ah CO~i1P • I Co:np. Crall Grab

i 13LS lOOU SLlrt 1J·~U on JAO::; on Il~J_):~ un US--H) on 1600 I; of r':'lJfl S-lCi to 3-L7 to I", 't-q to :3-~25 tol~) - :.. .)

\

I to 1'f~·0 1·;0:) un 19 3~) on oS-~ l) on. li)~)15 on
1
I

8-16 3-17 8 'P 3 .,- 15-28: on -.:.. J -';";:;

i \

II

I I

r Ii

I
47 40 46 30 :.+0 57 25

7.55 7.85 7.71 7.52 7.53 7.40 7.85 7.1
I
I

24I 22 I- I 13
l

_J

I 6840 2200 2250 ~600 4320 47::;0 I 52~10 3400 ,
\

~

I -j I

I

I
I 748 231 269 396 368 JIJ 431 367

178 70 78 46 112 119 135 125

700 236 278 200 396 4-'" 681 305) JL

22 6 I 6 14 12 12 I 15 14-- r--'

I I
.17 .09 .10 .13 .13 .15 .18 .28

1.43 .87 1.00 1.48 1.54 1.70 2.15 2.25

.15 .03 .08 .05 .05 .07 .07 .06

1.68 .75 .89 1.38 1.40 1.53 1.82 2.12

.28 .14 .18 .27 .24 '1-: .39 .21.... I

.050 .03 .03 .05 .05 .05 .07 1'/

I
~.

2400 1000 1700 1600 1800 2150 2050

600 ISO 190 280 220 390 180

- 140 120 170 140 230 -

160 - - - 98 - -

<: 0.1 <- 0.1 < 0.1 < 0.1 <::. 0.1 <: 0.1 0.1
I

I
- I - I - - ~

77 28390 667 i

(Q at

I
1135)

1. .-\.11

a.
b.
c.

pararneters jp mg/l except as £0110",:5 .

Tel~;p":"{"ature ::::: °c
Speci fic COr1c~uctance ::: umho
Nitratc.;s cul~l i.l!mno:lia are mg/l as nitTogen) total ph'J'spharu.3 is illg/l as pho:::ipl~c

811d dissolved organic carbon is mg/l :lS carbon.
2. _-\11 met:J.l \·2.1U<:3S are Cil1.8rcd) unless othec·,'l.se specified.
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~: :~

i~::.tj n Last 1 )"1' 1 ~l ,,'" I I La:;t. Last 1..J~i.5l- List LJ.st Llin-,-' l" ....... u

rai.n u-t()U- t)·WU- r-1.Ll Taln ::"J. .\.n 1:ain 9-·10)11)1
8-1 GSDiJ D3UO 0··1 S ...~ "'!-)

'>-
., 7 .'3-.? 7 1~·e.J.6" tot

I
u- __

J ~..:.. )

O. ~SI' .60'1 on . GO'I on l. :2,S" ~).- ~ ::; 3-:::3 0.20" r' au" leOe1311 3 ·,14 ;3 -1 ,t U4iJ.~) .. 1 ~7 S" 1 .' - " L~t)O-O. UP . /.) 1530 9~lO
8-10 .26" on .26" on OSOU 200'J :::O'\)O on 1 ~~O 0

~.31" 08.:30
1100- S-L; 8-15 on " ') ') "II to 11.?00 9-110-- ,;., () - _.-
1200 to 1100 on J-:15" 0301)-

1100 on . -,-
1000 9-12('l-_J

8 'l"<. - -.)

5. Portion of
hydro graph LO\~' Peak Camp. Tail of Camp. Tail of Compo Tail of

flm" over 1.28" over 1 . 75" over ;:.46 '1 rain
rain rain rain rain rain
8-16 8-22, 8-27

8-23

6. Other

131



1· L" ()

btC'
Il C' t

~l- L5

Coinp.
9-l0

I
, !'Cl.ll\

to
P1:'>5 on

1
9

-
13

;\ll,alini ty 26

1. All pJ.rc1J:letcrs 1Jl mg/l except as £011-:::)\.5.

l ' 0-,a. cn:pSl'aturc:= L
b. Spec i fie Ccnduct:lI1ce :::: umho
c. Ni tratcs (mel (l!:m~onia J.re r,lg/l as nitrogen; tot:ll p}-;'O~I;:IT.'.-dS is r:lg/l ClS phos;)hc;

al1d (lj ~;~;ol\'cd organ LC C:lrbon is Jilg/ 1 (l::.~ c(lr1,)~=m.

2. All J:~ctal values arc fil tcreel) LUll'.)ss \Jtt1.~~n.'i::-;e spec.LEied.

3. Corn; 1. ::: COIl\P~) sj, tc

7.21

I
.~.

408
115

498

14
,----

.29

2.42

.04

2.16
')'7'..... ..)

.12

2100

360

-
_.

0.1

pH

TemperTture

Specific
(onu'de tance

Calcilun

1\lagnesium

SodilUfl

Potassiunl

Copper

~~ickel
T ron.J..

,
L..mganesei'

Cobalt
-

--
Sul£:1te

ChloTide

?\i tl'CLte

An,;nonia

Total
PhosphonL3

Dissolved
Organ:Lc
Carbon I
--.---.------1-------+------1----.---1>----.---+--------;....-----:-.------+----.-
Discharge at
time of sample
(ml/min)

Total Volw~e over
composite (liters)
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~: c ;: ,,':! efl t s

I~il in

5. Portion of
hydrogrO-ph

6. Other

Last
rain
9 10,11
12 2.46'
total

1*,,·1 .00"
1200
1530
9-10

Hl.3I"
0830
1200
9-11
.15"
0300
1000
9-12

Compo over
rain
9-10,11,
9~12

133



Appendix IV

COrvlPUTATlO:J OF TilE PERCENT OF ~lETALS '11JAT ARE RETAINED IN THE TEST PILES:

Assumptions: S04 is completely mobile and it is a mCaSlJre of the total amount

of sulfide dissolution that has occured. The goal is to comprrte the total

sulfide dissolution Tate and based on the percent of each metal sulfide in the

pile, co,lculate the amount of each metal sulfide that has reacted. The inherent

assumption is that all the sulfides are oxidized at the same rate.

The 1977 data from FLI are used. Chemical data from Amax, as well as detailed

chemical information from the regional copper nickel study are available (Tables I

and III),

Filtered data was used for the metals, so that the influence of'particulates

could be eliminated. Since the piles are small, have fine material in them,

and the samples are collected directly from the pile, fine particles may be

in suspension. These particles could tend to bias the results to lmusually

high values.

It is asswned that all iron in solution comes from the sulfide minerals (Iron

exists in the silicate minerals as' well) .

The calculations are sho\lln in Table XXVI. The first column is the composition

of the rock as ,given in Table III. The second colurrm (Mole % of s) gives the

distribution of each metal sulfide, i.e. 6.08 percent of the total sulfides contain

nickel. Values in Coll.mID III were calculated by assuming all the sulfides are

present as simple sulfides, i,e. NiS, euS etc. and the aIDolffit of dissolution that

would occur to yield a 504 concentration of 1000 mg/l was calculated.
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'rable XXVI .Calculaticm of I\lctals j{ctaincd in l'e t Pile

Par am.eter

Ni

Cu

2n

Co

Fe (s) *

~h detcrnuned

.655

.07:3

.306

.016

.009

.697

Mole
96 of S

100

23.6

1.20

.750

61.3

Con cen tration
at ba~Je

1000

1000

37.2

156

8.18

4.60

356

Obs crIed
01ecJian

i-\t Bas(~ Con cen t.Tc.ifJt i
of 610 1 1

610 610

~') 7 .288~ 4:... ¢

95.2 ,03

5.0 .013

2 8 .006

217 <.05

* This is the iron tha t is in the sulfide minerals only, it does no·t

include the iron that is in the silicates.
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x V

Table XXVI I

Rainfall fhta

-
Net It

Da:te (Inches) Time of Rain Remarks

1 .00

2 .02

3 .20
r------"-~

4 .00---
5 .00

6 .47
7 .00

"

S .00

9 .31

10 00

11

12 .00

13
-",,-,-" -

14 .00

15 .00
-

.00
--

.00
- 1-,

18 .00 ----------
19 .00

:..

20 .00-_._--_.- - - -
21 .00

f---. -
22 .00

23 .00
--c--.-" ---,-.-.-------".-

24 .03
- ~.--_.~

-"-~' --
25 .00 .

,"._.,._- _'_"_'='-"""

26 .00---._--
27 .00

28 .00
.--C~-

~
.00

--------"
.00
---'-- ___' _~_.~_______L __..~_.______~______~._"_____

From 4';1 5/2, rain ';-las recorded froin P,.f/L to A.f/L \·tith a sta.ndard rain
gauge; rain during weekends would be added to the Monday rain figures.

From 5/2 on, all times m"idnight to midnight.
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From 4/1 - 5/2, rain was recorded from A.M. to A.M. with a standard rain
gauge; rain during weekends would be added to the Monday rain figures.

From 5/2 on, a'll times midni~:Jht to midn'jght.
137
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Table XXVIII

N~t t
Date (Inches) Thne of Rai n Remarks

1 ' .00

2 .00

3 .00

4 .00

5 .00

6 .00

7 . 32 03000815
-.

S .00

9 .00
~~

10 000

11 .00

12 .00-
13 .00

, . - _.~-,~---- ,. - .",-"

4 .00
~ , ...-. _.

5 .00
"

-........ _, . - ._._----_._-----~------
.00

~

.00

.00
- , -

.21 1830-·,2115
--

20 .00 --------'.---,~~!--. .",,~

21 .00
=.- ...-

22 .00

23 .00

24 .29 0630-0730 --
25 .00

- -
. 25 0500-0600 Quantity is an es ti mate' .

- -

27 .10 0800-0900 Quant,ty lS an estimate.

28 1.92 0700 0830 1.86~1300 100=,.06 0700,0830 is an estimate.

29 .08 12151530

30 .20 1830 2400

3J
~

_.,: ,



Table XXIX

PRECIPI

N t ppt
Date (Inches) Time. of Rain Rerna l~ks

1 .48 :2'tOO ·0300 .30; 1815 1845 ., 18

2 .02 Not traceable on the l~e{:or'der

3 .00

4 .00

5 .00

6 .75 1730-2400-
7 . 21 0001-0900

..

8 .00

9 Trace,'"",.,••O:"=::,"',........___~-'

10 .10 2300-2400 .-
11 .00

12 .00 A___

13 .00 -
14 ti .

f---. "~~

15 .00 '
1------_._.- .00 I -

16
:.J

17 .00 r
18 .00

f--. -~---'--- --
19 .00 --
20 .00

21 .00 ------ ~--------~

22 .00------- -
0745-1045=.29;1915-2000=,ob23 .35

_. 24 .00 -

25 .06 1800·~1830

26 tIl 1730-2030 .'_.
27 .00 --f---.

28 . 13 1630-1900-,-----' --I--.

29 .00
i----.

30 ,00 I

~

From 5/2 on, all times midnight to midnight.
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Table XXX Jul 1978

N!tt
,"

Date (Inches) Tlme of Rain Remarks

1 , -12 1400 ,2400

2 1.24 0001 1100

3 .00

4 .00 "'<
,.

c' '.c' ~ .
--'<,

5 .00 I~

6 .00

7 1.38 0600-1100~1.18';J:200-1400=20 I i 1

8 .09 230Q=2400 heavy

9 . 2400-0200 ligt
-

10 .00 ~.

1 "'- -
.~

.00 ,
.-- ->:

-
12 .77 1400-·1600' , 2000-2300

13 .00

14 .00
... ... ~.,.. ','

15 .00
-_.--.

16 .20 '-:;

17 .00
:-----

18 1 .51 mi drn ght ,0200 3 heavy -
19 .24

20 .00 - --
21 .01

22 .29 1500-1600

23 .00
,..

-
24 .26 "'300-1 .';. -

- """,,,"..,-, ..._~_._.~- •...~ •.•:., '-'-'"=':.•--,. -- -
25 .00 --
26 .10 2100-22, .. ----,...........

27 .00 .4 .

"_.~....._--... --28 ±.11 __ 2000-210~~._ ...
29 . 00 . .:::. . .

--~~- Li~~-1~ -~~--~.- -.. ---- t - --

- ..
----_.-

From 5/2 on, all times midnight to midnight.
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Table XXXI

PR.ECIPITf\TIO:-l AT t'lINN!~M!\X
"""""'-~.~,_ ....._""""""._.~--..- -"-_..'~'~'----=-----~-

~.

~~t ppt
Date (Inches) Time of Rain Remarks

1 .95 'i~ I

2 .00

3 .00

4 .00

5 .00

6 .00

7 .00
0 •

8 - .00

9 .00 ./

10 . 13 1100 1200 ,

11 .00 ..•

12 .13 0600-0630

13 .00
-' --

14 .60 2030-2400 ---- -
15 .26 2Ll,OO··Ol 00, 1000-1130

16 1 .28 0400-0800

17 .00 _•.--

18 .23 2400-0100

-~= ..~~.. =t- --
-

20 .00 I
=-21___ -_.00 -J- I---~ ~

~

22±60 I 2000-2400

23 -~_ 1~15 LO~~J..1100_
24 .00

~-

25 .00 --
26 .00 _.
27 .20 1200·~1400

28 .00 ._.

29 .00-- -_....~-- .~

30 .00 ,
-. - ~-- -----

31 .00
~

---. ---- =------_._~"""""'~.~...-._.-

F\"orn 5/2 all, all times midnight to midniSjht.
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Table XXXII

\ .. '

! -".

Nt It
Date (Inches) T"ime of Ra in Remarks

1 .00

2 .00

3 .00

4· .00 . ~. '.'. ,

5 ~.. 00

6 ·";·~OO
. .~ . -

. . ... .'
~ ,.,:,,: .... ,- .'.~ . (' ..- '"

7 ;00 - -
. :" , ~. .,-

8 .00

9 .00 ..
i

10 1.00 1200 ,1530 quantl ty '1 S an est"imate

11 1 .31 0830 '1200 quanti y is an estimate
. 12 '. 15 0300 1000 ~.xa2i i f6tar ~?1 OS ~)~~ t~ 2.46

13 .00

14 .53 0001-0600 i ,,;

.03 0810-1200
-

"16 .00

17 .00 -
18 ?09

"19 .06 17001800 ,

20 .00

21 .00

22 .00

23 .00 -
24 ~oo .-- :-.---

2 .00

26 .03 1500-1700

27 .00

28 .08 - 1900-2000 -

29 .00 -- -_.- -

30 .00
-----~---_.._~._-,,-- --

~

-------...,...----_.._---_._----_.- ""

From 5/2 on, all times midnight to midnight.
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Table XXXIII Ol:tober 978

PRECIPITATIO~1 Af f'\HlNM'iAX

'I t
Date (Inches) Time of Rain Remarks

1 05 2 ..;nn~7J.n()

2 1 7 I 0001-0100= 02 0)(}()-()4n -L:c 1 C, If

3 .00

4 .00

5 .32 0400 ·1700, drizzle

6 .00

7 .00

19 1 . 00 ·1:~------·--~--r----------------~-........-4

1---.------------~--i------~--------+----~-----------~---1

20 ~. . 00 ------1_. -+- . ~ I

21 I, .00 L~----.----_._i----~-----.------.;--_.---
22 .002-3-l .o~o----+---~'-------t-------------'-----l

---,._-_._----------+-----------~---.......;

24 .00

8 .00
·-------~·-·---t__--~--~---,-+___-------·----------l

9 .00
l------:----~-----+-------------l_----~~-----------_l

10 J .00,----------+--------------
1--_11__+-i _~O..l-4_~+-12.f)Jl:J.J'O:.J..l.O +..._--__-~------.--~_{

12 .00
r---.----~-----''------_\~------,----_I___._----------------__l

13 I .00

= 14· -r .00 ---r=='==.====-- -+- -I

~~- I .:~~ 1°800-.1100

-----r-----------l---------------j

r--12 I-.o~o--Jl----,.....----t---------------l
18----r-.OO

--

----------t----~---.--------__I
...-_25~. .00

26 .02 0800-1200
r---

27
--'+-,--.-oo---_-[I--------------+-----.-------.--~-

28 I 05 0600-1030 quantity is an estimater-----------L--.----+-------------t--'----
29 I .001-----------:---- +-- . ~_+__---_-----_-.-----_

30 I .00._------_._-_.._-- ...".,,------------+--------------------
~~]__J .00 __. . , ~ .__,__~ , ~ ~-'

From 5/2 on, all times midnight to midnight.
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Table

PRECIPI ION AT NT

J

N ~t It
Date (Inches) Time 0 f Ra"j n Remarks

1 .00

2 .00

3 .00

4 .00

5 .00 -
6 .00

'."'- -,~-

7 .00
"

- .
8 . 00 -
9 .00--

10 .15 0630·~1800 Snmi!; quanti tv, 'j s an est i rna t~.__,_-
11 .00

._--~...~

12 .00 --
r-~- --'-' -_.-

~-'"' - ",,-.,....,
~-

-----1--- - --F--- --

e---

" '-

-
-

'-F-- ..-

-

---

f-- ~ -~ '-' .~-~-~.-~--~

1----------- .,
~-'-

~ 1--.
~

--'--. I
~----_._-------~----_._---------~~--

From 5/2 on, all times midnight to midnight.
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Used In Box Plot.

Di:lte 1 2 3 5 G

4-26 grab

6-16 grab at
1025

7~>5 grab at
0830

7-13 composite
from 1200 on
7-12 to 0840
on 7-13

7-18 composite
from 1530 on
7-14 to 1400
on 7-19

grab

grab at
1120

grab at
0830

composite
1155 on 7-12
to 0840 on
7-13

composite
0810 on 7-18
to 1400 on
7-19

grab

grab at
1205

grab at
0845

composite
from 1210 on
7-12 to 0840
on 7-13

composi te
1530 on 7-14
to 1400 on
7-19

grab

gI:ab at
0800

grab from
7-6

grab at
1130 on
7-13

no sarnple

grab

grab at
1115

grab at
0800

composite
1150 on 7-12
to 0830 on
7-13

composite
0900 on 7-18
to 1400 on
7-19

grab at
1120

grab at
0800

composite
fronl 1145
on 7-12 to
0830 on
7-13
cornposi te
1530 on
7-14 t.o

0900 on
7-19

8-2 composite
1700 on 8-1
to 1515 on
8-2

composite
1415 on 7-24
to 0930 on
8~2

composite
1800 on 8-1
to 1515 on
8-2

no sarnple composite
In,;~an of

700 on
to 0900

d-2
,0900 on

8~'·2 to 1450
on 8-2

composi te

8-4 grab at grab at grab a.t grab a.t
1045 1030 1100 1010

8-16 grab at grab at grab at composit.e
1015 1010 1025

grab at
1000

mean of
3 grabs, at
0945, 1330
1700

grab at
0930

grab at
1000

8-23 composite composite composite

1025 on 8-17 1000 on 8-17 1050 on 8-17
to 1945 on to 1940 on to 1955 on
8-23 8-23 8-23

9-13 grab at
1020

grab at
1045

grab a't
1030

1.44

combined
composite
1-0830, 8-21
to 0800, 8-23
2-0800, 8-23
to 1440, 8-23

grab at
1100

composite

1100 8-17
to 0910, 8-23

grab at.
1100

composite

1405, 8~·1/

to 1935,
8-23

gral) a't
1135



Appendix VII

TY ASSURANCE

tits

Six percent of all the water quality samples were masked duplicates. The data

for the duplicate samples a:ce given in Table XXXV. The results are sl.lmmarized

in Table XXXVI.

Distilled deionized water blanks were also analyzed as part of the quality

assurance program. Table XXXVII summarizes the results.

Partial results for the intralaboratory study are given in Table XXXVIII.

Exce~t for zinc, the agreement is satisfactory.

HYPALON TESTS

111e contamination potential of the Hypalon line1"' was evaluated in two tests.

Runoff samples were collected from the tailings plot area prior to the

deposition of tailings. In the second test a piece of Hypalon was soaked in

distilled deionized water for 4 weeks. Some low level zinc contamination was

observed (Table XXXIX).

PuMP TESTS

Distilled deionized water was passed through the composi ting pumps ..

The results shown in Table XL indicate some 10"\'1 level zinc contamination.
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Dllpl j cate T3ble XXXV

Date 7-·7 7-7 7-8 7 8 3-28 8-28 1
c grab grab gr;1b Composit.e Composit8 J

Sample \0. 73 74 9:) 9il 18] 184
TillIe 1900 1900 2300 2300 0835 on &25 to 0315 on 8 .23

FL-4 F1..-4 F1.-4 FL-4 fL-4 FL··4

Parameters

Alkalinity 41.8 41.8

pH 7.50 '7.50 7.40 7.40 7.55 7.55

Temperature 11 11

Specific 1150 1150 1700 1700 2350 2350
Conductance

Ca~cium 129 127 211 212 287 274
J

~ianesium 12 12 21 21 30 28

Sodiwn 93 90 152 153 180 194

Potassium 348 III 43 42 57 64

Copper .02 .01 .02 .02 .03 .03

Nickel .15 .12 .25 ' .26 .33 .34

Iron .02 .01 .03 .01 .01 .03

Manganese .09 .10 .16 .16 .19 .19

Cobalt .02 0 .02 .04 .03 .06

Zinc -. .05 .05 .07 .07 .09 .10

146



Dupl tl~

Date
SamplE:'

(' numtJ (: r
I""r'.'111ne
Site

8-16
grab
135
0945
FL-S

8-16
grab
138

09~t5

FL-S

6-.14
gTab

14
07LI5
F1.,-4

6--14
grab

15
0745
FL-4

7.60 7.60

9.0 9.0

2500 2500

222 234

28 . 29

256 267

-+---~H~-.O-~~-~~-~--I
.220 I .219

.03 .05

.21 .21

.016 .016

.130 .125

Para.meters-._----
Alkalinity

pH 6.10 6.10

Temperature 15 15

Specific
ConductaIlce 1150 1150

Ca1ciwn 203 201

Hagnesiwll 21 20

JI ____-Sodiwn 98 96

Potassium 9 9

Copper .59 .57

Nickel 15.26 15.25

Iron 3.44 3.31

Manganese 2.17 2.18

Cobalt .- 2.61 2.65

Zinc .42 .42- ._.~----- _.--=--=-

Date 6-23 6-23 6-23 6-23 7-7 7-7
Sample type grab grab grab grab gTab grab
Sample ~o. 31 32 41 42 56 57
Time 1540 1540 2100 2100 1200 1200
Site FL-4 FL-4 FL-4 FL-4 FL-4 FL-4

Parametel'S
Alkalinity

pH 7.45 7.45 7.75 7.75 7.40 7.40

Temperature 14 14 11 11

Specific 2650 2650 2500 2500 1125 1125
Conductance

Calciu"l 232 214 213 217 126 125

1'1agne sh.t:l 32 28 30 30 13 13

Socliu:'71 310 ')Q~ 292 291 110 111/..,v:J
I

PotassilU:l 44 40 41 44 576 638 I
Copper 07 .024 .020 .019 .02 .01

1/
i~ickc 1 .336 .314 . 31-~ .2;25 .14 .14
Iron .01 .02 .en 0 .04 .01 1

I

1"lang~1J"esc .23 .21 I -: .22 0° .08

1\

• u

Cobalt .027 .025 .022 .021 .02 .03
Zinc .169 .1:54 .153 .154 .04 .04
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I'L-· Duplicate Samples

Date
SJJiljlJ c type
S[ullplc N
Time

Site

I
8··24
Compo

I 166
IlO:?5 on

1

1945 on
FL·-}

8 24

16
8 17 to

FL.-I

I 9 13
Grab
101

1500
1"L-2

9··13

Grab
195

1500
FL-2

8--4

GrJ.b
121

1100
FL-3

8~4

Crab
J.22

1100
FL-3

B 10

Grab
128

1520
FL-S

8-10
GTab
130

1320
FL-S

Para];~~LerS

Discharge at
time of sample
(ml/min)

Total Vol~ne over
composite (liters)

f

638

7

5.50

4000

634

7

5.50

4000

7.657.65

22

41

7.45

1515

41

7.45

SO

8.10

50

8.10

-----+-----~-------H----.-~---rr_---_t----~~!----_t-----

All parc:uneters in mg/l except as £ollo\.s.

a. Temp9raturc == °c
b. Spcci fie ConQUctcu1ce :::: umho
c. Nitrates and ammonia arc mg/l as nitrogen, total phosphorus is mg/l as phosphon~

and c1issolv(~d oTganic carbon is mg/l as carbon.
i\ll metal \/alues arc fil tercd) unless othen"isc specified.
Camp. ::: Composite

1.

2.

3.

CalciLLl1

Alkal il1i ty

pH

Tempero.tuyc

Specific
Conc.ldctance

Copper

Nlckel

Iron

l;lagne 5 iUl1

Sodium

I 2600 2600 1 1725 950 950

305 300 181 182 156 157 I
26 25 21 22 23 25 43 51

243 238 -139 137 88 88 336 339

Potassium 41 39 30 29 26 26 20 21-.------------;------ -----~+J__.-----._-"---~.----~lf__. 1- ------+-------..---
.04 .04 .10 .11 .08 .08 1.28 1.27

.38 .35 .27 .25 .33 .32 3.31 3.31

.05 .06 .03 .02 .01 .04 .15 .08

.14 .14 .16 .16 .16 .16 4.32 4.26

.OS .02 .03 .02 .023 .GI7 1.96 1.96
I

Zlnc - -- .02 ,01 .06 .06 .044 .044 1184 1180 l
S-U-l-i.-c-a-t'-e---------i--,----+------H----~------- -----+------1+------+-----1

Chloride I

NltTate

I',l~U1ganese

Cobalt

Total
Phosphorus

Dissolved
Organic
Carbon

PJnmonia
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Table XXXVI TTY ASS UR1\NCE SU>rivl,\RY

% error:::

Number of
Parameter Samples ~ledian l"laxi f.lUm Minimtg-----_. -~~--=-~- -_.'-"--

Ca 12 .96 8.1 0

Mg 12 4.4 13.3 0

'--- Nez. 12 2.1 9.8 a

K 12 SQl 19.2 0

eu 12 2.9 66.6 0

Ni 12 3.05 22 a

Zn 12 0.17 66.6 0

Co 12 3.0 200 a

Fe 12 66.3 200 a

Mn 12 a 10.5 a
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Table 1

BLtu\JKS
---"----._~-,~~

Parar;\eter Iii 1. Len·; 1 l"!c,(li C:.rl Mean
~--"~----"'.-.--"---"--"

~;~- ---.--."'",---- ~-~~='"".,._.~~...--

Co .02 0 0 .001 .005

CLl 1.01 0 0 .067 .252

Ni 0 0 a 0 0

Zn 0 0 0 0 0

Ca 31 0 0 2.07 7.73

Fe .01 0 0 .001 .002

K 3 0 0 .200 .56

Mg 10 0 0 .667 2.49

lvIn 0 0 0 0 0

Na 34 0 0 2.2 8.50

Blanks without #172-_.~--

Co .02 0 0 '.0014 .004

eu ... 0 0 0 0 0

Ni 0 0 0 0 0

bn 0 0 0 0 0

Ca .06 0 0 .0043 .015

Fe 0 0 0 0 0

K 0 0 0 0 0

Mg .01 0 0 .0007 .001

lvln 0 0 0 0 0

Na 0 0 0 0 0

IS S8Jl1pl es
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Table XXXVIII INTRALABllRATORY ITY ASSURANCE

ug/l Mg/l
Ca Cu N' 611 Ca Fe K ~1n Nae 1

Ernl
9/11 D:\R 20 10 550 910 91 .03 5 72 .04 44

Eml
Serea 1 8.0 450 23 115 .05 4.1 81 .03 44

Eml
Erie

% Diff. Sera
DNR +100 20 18 +100 26 40 18 11 2S 0

FLS
9/13 DNR 6170 10300 83000 2460 312 23 21 65 13 183

FLS
Seree 7500 9500 78000 2480 380 20 20 76 12 200

-
0/ Diff. 18 7.7 6~0 .81 18 13 4.8 14 7.7 8.5'0

FL4
7/13 Seree 12

FL4
DNR 15

o. Diff. 20/0

15

12

20

ISO 64

4

100+

.12

.14

14
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Table XXXIX

\-

HYP/\LOr'l cm'lTAtHiU\TIO_11 TEST~

Parameters

Calcium < .02 < .02 .70

~1agnes i um < .01 < .01 .71

Sodium < .01 < ,01 .94

Potassium ( ,01 < .01 ,07

Copper < .01 < .01 < .01

Nickel < .02 < .02 < .02

Iron <.02 <.02 < .02

~1anganese <.02 < .02 ( .02

Cobalt < .01 < .01 < .01

Zinc < .01 <: .01 .02
-0

tI-
t.:-- C
0-0 0
C C) 'r-
=:; >- .j..)l/')

O:::tIJ u~

> <1J cd
s- 0 (/) -0
Q) U
+> I ceo
cd.e: ON
3.0 r-
c: ,...- ro S-

'r- cd c..o
cd :0- >,4-
0:::':: :c

!-
E <J.)

E U .j...)

0 cd
S- 1"'-...3

LJ-
r-' C.,...
>,

...0 i:l
<lJ

E l/')
U S-

Q)
t::j'"E;
·E

,..... 'r-
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Table XL

197 [3

.02 ( .02

.02 .01

.02 <: .02 .

.01 <: .01

.02 (.01

FL6 Blank*

.02 <: .02

.01 <.01

.01 < .0-\

_~ .01

.01 <: .01

153

*Distilled, deionized water

All values in mg/l

FL1 FL2 FL3 FL5
Parameters -- --- --- -

Calcium < .02 < .02 < .02 < .02 <

Magnesium <: .01 < .01 <.01 < .01 <:

Sodium < .01 < .01 <: .0'1 < .01 <:

Potassium < .01 < .01 < .01 <: .01 <
'<- ~

Copper .02 .02 <: .01 < .01 <:

Ni c ke1 <.02 <.02 < .02 <.02 <

Iron <.02 <.02 <: .02 .10 <

~langanese <: .02 <.02 <.02 <.02 <

Cobalt < .010 <: .010 <: .01 < .01 <:

Zinc :-: .01 .02 .02 .02



APRIL

i'IAY

11 FL-2, 3, and 5 covered vii th soi 1

Intensive leachate sarnpl ing of FL-4, 3.88 em (1.53 11
) rain

Compositing Drip Samplers installed

22 Fertilized soil-covered leach piles
23 IntensivE! leachate samp1in-g of Fl-4, .66 em (.26 11

) t'ain
27 Seeded soil-covered leach piles
23 ~lulch applied to soi1-cover~d leach piles

- 18 /\11 1each pi 1es unfrozen

JUNE

JULY

AUGUST

11 Pressurized Flow Meter/Recorder/Compositor (Plow Proportional
Sampler) Installed at FL-4

SEPTEMBER ___

OCT08ER

NOVEMBER
~3 Flow pl'oportional saroplel' in3talled at rI.f'1,2,3, d11d -

10 r-reeze-=u-p--·r-- -- -'

DECEt~8ER

tS4



1977 - 1978

DETJ\ILEO EVENTS

155

All piles unfrozen.

First Sampling, 1978

rain gauge staRecordi

FL-l, 2, 3, and 4 Constructed.

FL-5 Constructed.

FL-6 Constructed

Flow Prop6rtional Sampler installed at FL-l,2,S, and 7
First snow.

Heat tapes put on drains of piles.

FL-3, 5, and 2 with soil.

Flow meters attached to pipelines .

Hand'3made rl m'l IlJei ghted compos i te FL-4.

Lowered FL-l discharge pipe and adjusted flow meters to have
more hydraulic head.

Fertilized soil-covered piles with 16,000 g/pile.

Intensive sampling FL-4 .89 em (.35 inches) rain, also hydro
graph obtained from Fl-l.

Soil-covered piles seeded.

Soil-covered piles mulched.

Intensive sampling FL-4 3.88 cm (1.53 inches) rain, also hydro
graphs from FL-l, 2, 3,4,5, and 6.

Compositing drip samplers installed.

Filter screens placed above all flow meters.

Pressur-ized flo't,l meter and flm'l Proportional Sampler
SaGplers) attached to FL-4; also RustTac~ recorder attached

Pipe between Fl-3 and FL-l lowered.

First hard frosts.

6/27/78

6/23/78

7/07/78

7/11/78

7/14/78

8/11/78

5/25/73

6/13/78

6/22/78

6/23/78

'4/20/77

9/10/77

9/30/77

4/18/78

4/26/78

5/02/73

5/11/78
t::/2L1./ -"f)•J I /0

8/18/78

9/21/78

1'1/03/78

11/10/78

11/14/78



Appendix IX

Reanaly:::;is of Anomalous Values

Certain values in the original water quality data appeared anomalous. The

anomalous values \"81'8 reanalyzed, if a sufficient amount of the sample remained.

The results 'of the recmalysis (perfol1Tled in December) are given in Table XLI.
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l'C I'un

lJ,\'; 19/

T ~l h 1 '\ '\ T I' n '11")"lL\;_;;c:h&,_~~ , ,________ _ , ~_,
;

Para- or inal
meter Val\le 19/1

~---:--,~;~---+,~"--,-"-~--,~,~,+~--,-,,--~-~-::.-.:-!·,·,'-·--,,·--.-----~~-·-l--~---------.-,·-,

.p t' It

FT 1

95 7-1 J Ca 419 303

022 .03

Zn .074 01

8-10 0.3 i

8-16 6 02

8-24

8-24 .04

8-25 Co .os .03

7-13 2n .008

---------,-----t------- .-----'--.---------l------.---.--+--------+-----+-~-.-_t-.----..,--

143 8-16

150 8-16

169 8-24
_:r-.~.'"'~"'.._.~ .._~...= +------

183 8-:>'0

.13

1

.05

.17

.24

.04

.14

40

a

20.5

.OS5

.13

.os

Ni

Co

Co .019

Co

Cu

Cu .12

Zn

Co

7-19

8-2

8-16

112

137

Zn .09

( 57)



PL 7.
,-)

Para- inal
!T1i"i' (.1' \f ;'\ 11I (' Tn (1 / 1 m (J / 1

3 26 Ni 0 .06
r~~..

- Fe .7 .7

48 7-5 .0
."""""

!

.282

H 1<

110 7-19 074 1 I
1.40 .33 I

131 1.0 05 .07

Ni .56 .57
-- f-._-- i

i
I

139 8-16 eu .11 .12 I
i

,,,,.. .-.~~-",,"--,,-

i
Ni .20 .18 !

I
J..~

~-------- --.- ~'-,"-

142 I 8-16 eu .11 .13 !
} :

- ='"-~ ---_.- ...

{ Ni .24 .17
i

149 8-16 eLl .10 .13
I
I

(.
-.

>Ii .23 .22
""I""'" -"" --

I

167 8-24 0 <,02
,
_c~

,""""'=~...~...
,

i
;

i: FL 4
- -

t\ 44 6-2 Ni .116 I .36
I; _'",~.~

Fe 0 .01
Ie - - ,..,,,,,,,,,. .~

-~""~",

11 :
Ii 52 7-6 190 173

1loFi:T_ -- ._._.~,",
if

60 7-7 118 242
11

12 24
I, --""---- ----- ~,_...__..z_.._,,_ 1---------._-

Na 103 220

K 225 43
, ---_..~._.-. (158)



FL ·t ( .)
'.

Para~ original rerun
Date meter 'Ja1.uc lHpjl InQ/lj.

61 7-7 K 135 42
~.,

62 1=~93 20
-,..,..._~_.... _._,....,..- - ---_•.~.~~...,

63 7-- 348 29
~--_.,--",_ ..._~--- •__._~.=, - .......".-"""

no
64 7- 1363 5 amp 11

65 356 29
---~~

66 278 33

no
1100 K 268 amp

58 7-7 K 295 22

Na 243 88
:

!
i

Mg 27 10 I

i.. - 233 115 1

7-7 148 20 i
Y

7-7 9S 22 I

I
,

71 248 24

73 i230 29

74 7-7 24 ;

-
77 7·· 7 K 289 '28

=>0.-

Co 0 2.01

90 7-8 Ca 168 175
--

Mg 17 16
~ - _'-.w.~

Co 0 .04
~ .~ ,~-~--

91 7-8 Ca 177_..,... -- ---_ ..~.~

fvIn .16. -- --------"---

Co .03
--1-'

93 Ca 222
"" ..,.,_.

59)





-~._~

FL 6
,"'~~~---

:e·· 47 Ca 309 435

lvlg 124 140

Na 476
---~

K

104

106

125

-----+-----




