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FOREWORD

This progress report describes the leaching portion of the joint DNR/Amax
leaching and reclamation study. 1t contains the raw water quality data collected
during 1978. Some analysis of the data is presented, but more is needed and planned.
Additional literature work is also planned. Supporting references will be cited
in future reports and the discussion section will be expanded. Analysis plans
are discussed in this report and additional results will be presented as they are
coempleted.

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

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



ABSTRACT

Runoff from lean ore and waste rock Duluth gabbro stockpiles may pose significant
environmental problems. Water 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 background concentrations of streams in the area.

In 1978, a joint DNR/Amax program 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 (pilé 2).
These were then fertilized and planted.

Intensive sampling was conducted on FL-4 during two rain events, to determine
the fluctuvation in runoff concentration over the storm. Copper concentration remained
essentially constant while nickel and sulfate concentration varied considerably.

Mass release followed the runoff hydrograph, with the maximum release occuring at
peak discharge.

Preliminary results indicate that there is a difference in the amount of runoff
from each pile. Piles 5 and 6 yield about 65% runoff; piles 1,3 and 4, 50-55%; and
pile 2 35%. It appears that the glacial till treatment did little to control runoff,
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. Metal concentrations in samples from piles 5 and 6
are one to two orders of magnitude higher than in samples from piles 1 - 4; the max-
imum nickel concentration observed was at pile 5, 83 mg/l. The median concentration
values for pH, nickel sulfate are comparable for piles 1 - 4. Copper concentraticns

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



be the result of increased copper mobility, rather than 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 agreement with Bear Creek Mining
Company, and assumed Bear Creek's leases for 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 Amax 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 ore 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 runoff is
collected via a six (6) inch perforated drain line. The details of pile construction
and pile layout are shown 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 program was 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 - ~ogram, Amax 1s responsible for the revegetation program and the DNR is

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



>tal

TABLE 1,

COMPONENTS

OF PIZTLD LEACHING

PILES

Pile No. Size (Tons) Completion Date

1 1766 April 20, 1977

2 1766 April 20, 1977

3 1766 April 20, 1977

4 1765 April 20, 1977

5 1951 Sept. 10, 1977

6 Y Sept. 30, 1977
Piles 1-6 10,686

(ton is shoxrt ton = 2000 lbs)

Average Mineral Content

% Cu % Ni 5 S
.33-.35 .075 0.6
.33-.35 .075 0.6
«33-.35 .075 0.6
.33-.35 .075 0.6

0.29 0.09 1.45
0.38 0.09 0.83
0.33 0.08 0.79

Moy

Freaed flves
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report on the leaching program. Water quality data, flow data 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

future reports.



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 (Hawley, 1972, Eisenreich et al, 1976). In most documented

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. ''Model" lean

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

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

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

deposit, early water quality samples (1974) collected near stockpiled gabbro
at Erie Mining Company's Dunka Pit, near Babbit, MN, 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

environmental problems. Not only is there evidence that stockpile runoff will

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

stockpiled is extremely large. For its open pit prospect, Amax has projected

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

The Duluth gabbro complex contains a large percenr. ¢ of silicate minerals,

e gabbro were collected

As part of the Regional Copper-Nickel Study, samples .



across the contact from Hoyt Lakes to Ely (more detail will be given in the
Regional Copper Nickel report on geology and mineralogy). The mineralogy of
these samples was determined and a complete chemical analysis was made on each
sample. Five samples from the Amax area were analyzed, one of which was selected
from leach pile FL-1. The mineralogical composition is shown in Table I1 and
the chemical composition in Table III. A description of the mineral forms is
given in Table IV, Ovér ninety percent of the rock is composed of silicate
minerals, the three major groups being plagioclase, olivine, and pyroxene. The
sulfides .make up a very small percentage of the rock, approximately 0.655 percent.
Generally, most of the sulfides found in mining wastes 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 for
the disseminated material across the region (R. Stevenson, personal communication).
Only in pockets of massive 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. This sample contained 10.5 percent sulfur,
most of which was associated with the pyrrhotite which comprised 12.8% of the

sample.



Table TI MINERALOGICAL COMPOSITION OF FL-1  (volume %)
Plagioclase 59,112
| Sericite 2.176
Olivine 10,510+
Clinocpyroxene 11.185
Orthopyroxene 3.716
Monocrystalline amphibole 3.567
Fibrous amphibole 0.288
Chlorité 1.136
Serpentine 0.257
Iddingsite 0.075
Talc -
Biotite 1.738
Smectite 0.021
Celadonite -
Opaques¥® 5.098
Chalcopyrite-cubanite 0.769
Pentlandite 0.037
Pyrrhotite 0.844
Ilmenite-magnetite 3.447
Graphite -
Spinel -
Myrmekite -
Apatite 0.085 * The value shown for opagues is the
sum of the five following values
Epidote 0.953
Allanite -
Calcite 0.056
Quartz -
Cordierite 0.027



Element

. si (5102)
Al (A1,03)
Fe (Fe(0))
Mg (MgoO)
Ca (Ca0)
Na (Nay0)
K (K20)

Ti (TiO0p)
P (P,05)

Mn (MnO)

o

Table IIT

e 4Ery07)
B

Ba

Be

Sr

A%

Th

Zx

S

Cu

Ni

Fe (8)
Co

Zn

Pb

Ag

Hg

CHEMICATL, COMPOSITION QEMFLwl

.02

.12

.03
662.00
1173.00
1.00
279.00

276.50

157.00
0

1.35

<1.00

Units
Fct

Pct
Pct
Pct
Pct
Pct
Pct
PPM
PPM
PPM
PPM
PPM
PPM
PPM
Pct
Pct
Pct
Pct
Pct
PPM
PPM
PFM

PPM



Table I1T (cont'd) CHEMICAL, COMPOSITION OF FL-1

Element Units
Mo .50 PPM
cd 0 PPM

Pct = Weight percent
PPM = parits per million by weight
PPB parts per billion by weight

li

il

10
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Table 1V, Mineval Names, Abbreviations and Formulas
Plagioclase Na Al Si, 08 - Ca Al, Si, 08 a feldspar
Sericite Ky Al4 Si6 A12 022 (OH, F)4 a mica, alters
from feldspar
Olivine (Fe, Mg) SiO4 Fe-Mg silicate
Clinopyroxene Ga (Fe, Mg) Si2 O6 a pyroxene,
Fe-Mg silicate
Orthopyroxene (Fe, Mg)y Siz 06 a pyroxene,
Fe-Mg silicate
Monocrystalline (Na,K)O“ (Ca, Mg, Fe*Z, Fe*3, Al)7 amphibole with non-
amphibole (Sig-8 Aizﬂoj 02 (OH, F, C1), acicular morphology
Fibrous (Na,K)Owl (Ca, Mg, Fe*z, Fe+3, A1)7 amphibole with fibrous
Amphibole (Sig-8 Aly_g)O27 (OH, F, C1), or acicular morphology
Chlorite (Mg, Fe, Al)12 (si, Al)8 022 (OH) 14 a}tgrs frem Fe-Mg
silicates
Serpentine Mg; Si, Oc¢ (OH) 4 alters from Fe-Mg
silicates
Iddingsite Serpentine + iron oxide phase alters from olivine
Talc Mgg Sig 020 (OH)4 a}tgrs from Fe-Mg
silicates
Biotite K, (Mg, Fe*? g (Fe*3, AL, Ti)g_; a mica
(Sig.g Al_z) SZO(OH, Flg
Smectite (4 Ca, Na)o 7 (A1, Mg, Fe)4 (si, Al)g a clay, alters from
Opp (OH)4 - 'nH,0 feldspar
Celadonite K Mg Fe*3 Sig O1p (OH), a mica, similar to

Opaque minerals,
sum of following
seven minerals*

*Chalcopyrite
*Cubanite

*Pentlandite
*Pyrrhotite

*Ilmenite

Cu Fe S
Cu Fez SS

(Fe, Ni)g Sg
Fey 58 - Fe S

Fe Ti OS

11

glauconite

undifferentiated



*Magnetite Fez Oy
_APHT *Graphite C
NL Spinel Mg Aly Oy
MYRM Myrmekitic intergrowths,

generally between
plagioclase and olivine

APAT Apatite Cag (PO4)3 (OH, F, C1)
Lpl Epidote Ca Fe*3 Al, Siz Oy, (OH)
ALNT Allanite (Ca, Ce), (Fe*? Fet3
Alp Siz 01y :OH
CAL Calcite Ca COz
TZ Quartz Si 0,
(CORD Cordierite Alz (Mg, Fe*2), Sig Al Oyg

. rom R. Stevenson, Regional Copper-Nickel Study

contains appreciable
titanium ( 20 wit%)

present as flakes

(includes zeolites and
prehnite
(Cap Al Al Sig Oqg (OH}-

borders radiating
epidote

associated with
hormnfels
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gﬁble v

MINERALOGICAL COMPOSITION OF

SEMI-MASSTYVE, MINERALLZED ROCK SAMPLE (volume %)

Plagioclase

Sericite

Olivine

Clinopyroxene

Orxrthopyroxene

Monocrystalline amphipole

Fibrous amphibole

Chlorite

Serpentine

Iddingsite

Talc

Biotite

Smecti.te

Celadonite

Opaques*
Chalcopyrite~cubanite
Pentlandite
Pyrrhotite
Ilemnite-magnetite
Graphite

Spinel

Myrmekite

Apatite

Epidote

Allanite

Calcite

Quartz

Cordierite

47.885

0.091

1.513

2.656

18.472

0.025

0.024

0.145

19.239
3.231
0.161

12.816
2.564
0.467

0.037

5.350

13

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



Takle VI CHEMICAL COMPOSTTION OF SEMI-MASSIVE, MINERALIZED ROCK SAMPLE

Element | Units
Si (5107) 18,15 (38.85)  DPct
Al (Bl,04) 6.43 (12.15)  Ppct
e (Fe(0)) 7.71 (9.92) Pct
Mg (MgO) 2.69 (4.46) Pct
Ca (Ca0) 3.44 (4.81) - Pct
Na (NapO) 1.18 (L.59) Pct
K (Kp0) .73 (.88) Pct
Ti (Ti03) .65 (1.08) Pct
P (P205) . .03 (.07) Pct
Mn (MnO) .11 (.14) Pct
Cr (Cr03)’ .04 (.06) Pct
B 428.00 PPM
Ba 310.00 PPM
Be‘ 1.20 PPM
Sr 151.50 | PPM
\Y 213.00 . PPM
Th 0 FPM
. 2x 59.50 PPM
S 10.500 Pct
Cu 1.155 Pct
Ni .418 Pct
Fe (S) ' 13.885 Pct
Co .036 Pct
Zn 185.00 PPM
Pb 0 PPM
Ag 0 PPM
As 0 PPM
Hy ‘ <1.00 PPB

14



Table VI (cont'd) CHEMICAL COMPOSITION OF SEMI-MASSIVE, MINERALIZED ROCK SAMPLE

Element Units
cd 0 PPM
Pct = Weight percent

parts per million by weight
paxrts per billion by weight

i

PPM
PPB

i

15



1978 FIELD PROGRAM

The overall goals of the joint leaching/weclamation program are neasurement
of the release of trace metals, sulfate, nutrients and chloride from the lean ore
test piles and evaluation of the effect of various reclamation procedures on that
release. To accomplish these goals the field program was separated into two
phases.

The first phase was a characterization phase. Data was collected on the rock
characteristics, top dressing characteristics {soil and fertilizer) and rainfall.
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 will be used to

evaluate the effectiveness of different reclamation procedures.

METHODS

As thts was the first year of the program, a large effort was required to
initiate the program, develcp methodology, and provide instrumentation for the
leach piles. The details of the problems encountered and the attempts to over-
come them are given in Appendix I,

The critical parameters that had to be measured were l-rainfall; the amount,
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 Associlates, Inc.,

NS Spec. 450,230) and a recording rain gauge (Science Associates, Inc., NWS Spec.

450,220). The standard gauge is more accurate (+ 0.0l inches) and is used to

16



determive the amount of rainfall while the recording gauge gives the duration and
time of the rain event.

To collect samples for rainfall pH, a polyethylene funnel was attached to
the outside of the weather instrument shelter. This funnel was connected by
tygon tubing to a teflon bottle inside the shelter. The pH was recorded as soon

as possible 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 installed upstream 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
from each pile was estimated using a combination of meter readings and volumetric

measurements. Details and sample calculations are shown in Appendix II.

Water Quality Samples

The development of a satisfactory sampling device required a substantial
amount of trial and ervor. 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 worked 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 sample must be
collected. The basic concept is that if 50% of the flow occurs in a 4 hour

period then 50% of the volume of the sample should be collected in this periced.

17
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PO

In our system, each time the pump discharges an aliquot of constant volume is

placed in the sampling container.

The higher the flow, the more often the pump

discharges and the greater the volume of sample collected. This system has now

been installed on all piles. (For more details refer to Appendix I).
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RESULTS - PHASE 1

Characterization
The objective of the characterization 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 work done
by the Regional Copper Nickel Study (Details of the calculation will be presented
in the Level Il Leaching Report). Piles 5 and 6 contain rock from the drifts ‘
which contain a higher degree 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 & FL 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 were 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 classification, pH, and mecro and micro nutrient
analyses will be performed by the University of Minnesota Research Analytical Lab-

oratory in St. Paul.

Fertilizer

Fertilizer was applied to test piles 2,3, and 5 on June 22. Sixteen kilograms
(35.2 1bs) of a fertilizer with a guaranteed analysis of 10% NH;NOz, 20% P,0g, and
20% K0 were applied to each pile. A composite sample of fertilizer was collected

and will be analyzed for trace metal content.

20



| Pile 1 2
%mposition
! %S 6 .6
| %Cu  .33-.35 .33-.35
| Ni 075 .075
iass (tons) 1766 1766
;ollecting .
fre (ft.4) 3173 3678
Surface
. rea

90-820

§ stiiate) m?/ton 90-820

gﬁate
‘onstructed

reatment

| 'ock source

( - -

shaft

none

* estimate based on an assumed particle size distribution (Detail of

TABLE VII.

CHARACTERIZATION DATA FOR STOCKPILES

April 20

shaft

covered with
topsoil and
revegetated

3 4
.6 6
. 33-.35 .33-.35
.075 075
1766 1765
3178 3524
90-820 80-820
............. )
shaft shaft

covered with none

glacial till §
revegetated

1.45

.29

1951

3648

90-820
September 10
1977

drift

covered with
glacial till §
revegetated

the calculation will be found in the Regional Copper Nickel Study

Level II leaching report.

This will be available soon.)

.83
.58

.09

1672

3444

90-820

September >

1977

drift

none
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TABLE VILL.

SOLL DEPTH AND FRERTILIZER ADDLTTION

w?lean depth of [Mean width | Length of | Volume of NH4 ; 7NO3 { P v
solil cover of pile pile sﬂ})oi], cover added; added; added! addad
(inches) (£t) (£t) (£t7) (vds3) (m3) () () (9) (g9)
7.14 56 92 3065 114 87 360 1239 1397 1582
11.3 51 88 4219 156 | 119 360 1239 1397 1582
10.9 56 90 4578 170} 130 360 1239 1397 1582

a8
o




Rainfall

During 1977-78 monthly bulk precipatation samples were collected by the
Regional Copper Nickel Study. Bulk samples collect both wet and dry fall, 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. More 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. The data is given in Table X and summarized 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 communication). The exact effect this increasing acidity
will have on the release from stockpiled materials is not known, but if the pH

in the pile is lowered more metals may be released.

Variability of Runoff Concentration Over a Storm Event
Intensive sampling was conducted on FL4 for two storm events (0.35 inches on

June 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 runoff. On June 23, there was no flow
prioxr to the storm. Nickel and sulfate concentrations rose rapidly, and then
leveled off, while copper concentrations remained essentially constant throughout
the runoff period. On July 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 runoff, decreased

on falling limb of the hydrograph, and then rose gradually as flow diminished.

[}
[



TABLE IX. REGIONAL RAINFALL AVERAGES

Parameter

Specific Conductance, 250C (umhos) 27
Suspended solids 12
Total dissolved solids, 180°C 10
NO;,NOg W27
Total Phosphorus .04
Total organic Carbon 4.1
Alkalinity, CaCOz <10
c - <1.9
Ca 1.6
Mg £1.6
Na <.5
K (mg/1) <.5
F (mg/1) <.l
Ni (ug/l) 2

Cd (ug/1) .45
Zzn (ug/1) 8.1
Pb (ug/1) 10.9
Al (ug/1) 120
Fe (ug/l) : (~ 154)
As (ug/l) €1.6
Cu (ug/1) 1.5

All concentrations in mg/l except as noted.



TABLE X

“Ratn
Specific
Date pH Conductance Remarks
1978 (umhos ) Py s
6/07 5.2 lo,5)
6/23 6.3 B, )
7/02 4.9 pH taken 7/5, 1030 |7 (s
7/07 4.7 oo
7/18 4.7 26,0
7/22 4.6 20 pH taken 7/24, 1100 v
7/24 4.9 15 17
7/28 8.1 13 7
8/15 4.3 Eo, |
8/16 4.2 1.5 (-2
8/18 3.8 14 | o
8/11 4.3 Ll
9/12 4.0 I5s
9/14 4,8 pH taken 9/15, 1610 s
Mo \4
P 4.4 v
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Copper concentrations essentially remained constant throughout the event.

DISCUSSION - PHASE I

Leaching, as the teirm 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 result of a series of chemical and physical reactions that involve
mineral dissolution and the transport of the dissoiution 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 report, and the
technical report on the laboratory leaching experiments conducted at the University
of Minnesota. Preliminary discussion can be found in earlier progress reports,
(Eisenreich et al, 1977).

The two major considerations in leaching are 1) the reactivity of the specific
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 Tremain 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 undergo 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 assumed that the
only source of the trace metals is the sulfide minerals and that the sulfate
release is a méasure 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

28



Figure 7

'Schematic of Stockpile Leaching Process

e

Step 1: Reaction: . sulfide minerals oxidize or dissolve on surface

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

sulfide

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 precipitates,

some possible precipitates

out flow
& Cu, Ni, Fe
804

(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 weatherihg 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).



is illustrated in Table XI using the 1977 data for leach pile FL 1. The details
of the calculation are given in Appendix IV. The metals exhibit very low mobility.
Under present environmental conditions, only a very small percentagze of each metal
that is released from the mineral phase is transported from the stockpile.

The mobility factor is important in discussing the different behavior of the
release of copper and nickel from the test piles. The pH values of the samples
collected during the rain events of 6-23 and 7-7 are shown in Figures 5 and 6.

Tae mean pH was 7.55 én 6-23 and 7.44 on 7-7. At thais oH, in the absence of com-
plexing ligands, copper is not very mobile. It can form carbonats and hydroxide
precipitates and be adsoxbed onto the silicate surface of the gabbro or onte iron
nydroxids praéi;itates. The result is tnat very little copper is transported
from the test pile. 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 5 and 6, the nickel concentration
is more than an order of magnitude higher than the copper concentration. The
nickel concentrations fluctuate over a factor of two during the storm of 7-7. The
final concentration in solution is influenced not only by reaction equilibrium but
also by the amount and rate of water moving through the pile. Further analysis of
the fluctuations in Concentratibn over the events is being conducted.

Figures 8,9,10, show the rate of mass release (mg/min) for copper, nickel
and sulfate for the storms of 6-23 and 7-7. The general trend is that mass release
follows~the hydrograph with the maximum mass release occuring during the peak run-

off. Table XII summarizes the total release from the pile for each storm.
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Table XI. PERCENT Of OXIDIZED METAL THAT IS RETAINED IMN STOCKPILE

Concentration (mg/l) Concentration (mg/l) Percent of
predicted f£rom chemical ohserved netal
composition1 (median) retadined in pile

50, 6101 610" 0
basis

Ni 22.7 .288 98.7

Cu 95.2 : .03 99.97

Zn 5.0 .013 99.7

Co 2.8 . 006 99.8

Fe 217 < .05 > 99.98

[N

lSOA is the basis of the calculation, it is assumed that S04 indicates

total sulfide dissolution and that it is 100% removed from pile
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TABLE XTI
MASE RELEASE SUMMARY FOR INTENSIVE EVENTS -~ FL-4

Parameter 6"23::/;8” 7"7”78,,
Cu released (mg) 6 107
Ni released (mg) 11 1447
504 released (g) 478 3738
Total Volume (1) 341 7599
Time Interval, At (wmin) 4415 4620
Total Rainfall (inches) .35 1.53
!\r AT | L ]'\; B
[
) 75‘ i t ?
g el Y
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SUMMARY AND CONCLUSIONS

Coppér concentration remains constant during runoff events, while concentra-
tions of sulfate and nickel vary by more than a factor of two. 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 sampleé will not
adequately represent the concentration of all parameters during runcff. 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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: I R . - C e H - i o .
It will be recalled that the objective of Phase [l 1s monitoring ox t1Z 0335

release and flow from each pile. The ulti . erood o bs the use of total mass release

Rainfall

cach pile, the total rainfall and the

To calculate the total water inpul’

collecting area of each pile must be known. Rainfall data was collected using a
standard and a recording rain gauge. Complets rainfall data is given in Appendix
The collecting area of

V. Table XIII provides a monthly summary of the rainfall.

each pile was measuved with two sets of measurements taken for each pile and the

results averaged, The results are summarized in Teble XIV.

Flow Data

Theiproblemﬁ encountered with obtx :ﬁng the flow data have been discussed in
Appendix 1. Estimates of daily dischéfgé'ffom each pile were made using a.combin-
ation of flow meter readings and volumetric discharge measurements. (Appendix II.)
The overall comparison between the total of the estimated flow for each pile
and the sump flow is given in Table XV. The overall agreement is reasonably good.
The overall runoff celation for each pile is given in Table XVI. Preliminary
data suggest that the percent runoff varies as Sx6r423x1:2, Monthly runoff coef-
ficients were also computed for eachﬂz}le,‘~fhe results of these calculations
indicated that even though the overall agreement between the estimated flows and
the sump flow was good, the individual pile data needed to be re-examined. In the
early part of the field season, the flow meters would periodically jam and producs

backwater conditions in the pile. Some of the volumstric measurements were

influenced by this backwater, and as a result the daily flows were overestimated.
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Month

April
May

June

July
August
- September
October

TOTAL

Rainfall Events, April through October, 1973

Total # of
Events

9
14
10

9

7

64

TABLE XITI

# of Eventss Total
0.3 in. Rain

2 1.28

2 3.37

3 2.21

4 6.38

5 5.53

3 3.28
1.05

21 23.10

Note: Rainfall greater than or equal to 0.01

Rain provided by

in.

.78
.30
.58
90
.58
.84
72

O N R DO

17.70

9
]

60.
68.

71.
76.

82.
86.

68.

76.

inches is an event.

o Oy o0 [ 3R9a)

events > 0.3 inches

[ae]



Table XIV.
Test Pile Area

Total
Pile Collecting
Area (ft2)
1 3173
2 3678
3 3183
4 3524
5 3648
6 3444
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Tabla XV. FLOW SUMMARY

6 Pile Sump %
Month Rainfall Total Discharge Difference
April
May 3.37 87,000 79,000 +9.4
June 2.49 82,000 81,000 +1.6
July 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 555,000 540,000 +2.8
+ % difference = 6 pile -~ sump

total X 100

sump
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Pile

Table XVI.

OVEPALL RUNOFF CALCULATION

Total
Collecting
Area

(£t2)

3173
3678
3183
3524
3648

3444

* Pile has been

Axrea of

Exposed

Hypalon
(£42)

96
243

36

% of

Area That
Is Exposed
Hypalon

3.0

1.1

15.0

10.8

covered and sesded.

42

Input
liters/
in Rain

Input
(1)

166,137
122,587
166,669
184,510
191,012

160,338

TOTALS

cutflow

(1)

83,184
67,421
95,265
92,231
120,522

217,209

40

-
—~
o 3
~ 0
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This was a particular problem with FL 3.

All flows will be recomputed. An attempt will be made to correlate flow data
between periods of good flow records and then, based on these correlations, make
neceésary flow 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 and
possibly FL 2. This would not change the overall 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 éerve as a progress report, there
is still a large zmount of data analysis that remains to be done. The intent of
this discussion is illustration of some of the general findings. More detailed
analyses, which would include calculation of mass release, will be available in

future reports.

Variation In Concentration With Time

To compute the mass release,the total flow for each pile must be computed and
re?resentative concentrations must be assigned. These calculations have not been
completed. However, general comparisons have been made among the different test
piles and between 1977 and 1978.

Figures 11 through 24 present the variation of copper, nickel, sulfate znd pH
with time for 1977 and 1978. These parameters were selected since they are the
key components and products of the leaching reactions. The other parameters will
be discussed in future reports. The data presented in these figures are the

concentrations in the sample, no attempt has been made to produce a complete set



cof flow weighted or "representative' concentrations. The concentrations are a
mixture of values; some ‘from composite samples and some from grab samples which
were ccllected both at high and low flow.

From the results of Phase I it is clear that cencentrations vary during
storm Tunoff, Therefore, the yearly concentration versus time graphs are useful
for identifying long term general trends, but may not give an accurate representa-
tion of short time fluctuations. The variation between two samples may be the
result of the differing flow conditions at which the samples were collected.
Comparison of individual concentrations must be done with cautiom.

The box plot, or schematic diagram, (Figure 25) is a useful tool for summarizing
data. In order to produce a meaningful summary of the concentration data, a uniform
data set was selected. The objective was to choose a series of sampling dates on
which a sample was collected from every vpile. (Due to the start-up nature of the
program, not all piles were sampled at the same frequency.) The set of sambléé,that
was chosen is listed in Table XVII. The concentrations obtained from this set are
not necessarily representative of the entire year o% of the flow distribution but

they do provide a basis for comparing the different test piles.

Since a smaller number of samples was collected in 1977, all the samples were
used to provide a reasonable number of data points. There were not enough data to
construct a box plot for piles FL 5 and 6 because they were not constructed until

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

DISCUSSION

The results indicate that the piles tend to separate into two general groups:
pileé 1 through 4 and piles 5 and 6. Piles 1-4 were constructed from materinal
from the shaft while the material in 5 and 6 came from the drifts. Piles 5 .nd

6 contein a higher percentage of sulfur (Table VII) and may have a finevr pu. . le

size distribution (Amax, personal communication). These factors should teno
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enhance the reaction rate in these piles. (As mentioned previously, concentration
alone is not a good indication of total release. Concentrations must be converted
to mass before the total release can be calculated).

Piles 5 and 6 have higher median concentrations of copper, nickel, and sulfate
than the other piles. Preliminary enalysis of the flow data (Table 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 S.and a corresponding increase in metal concentration. The exact
cause of the pH decline is still being studied. Figure 30 shows additional pH data
for pile 6. The pH dropped considerably in the last two 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. Conceﬁtration geban to increase sharply about
one month prior to the initiation of the decline in pH. This phenomemon can be seen
in FL 5.

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 examination of the sulfate data indicate no clear
trend in concentration. The concentration is variable 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
dissplution has not increased dramatically. The increase in metal concentration
results from the increased mobility of the metals at the lower pH. [From laboratory
studies conaucted by Lapakko, Eisenreich, and Hoffman (Eisenreich, et al 1977)  uan

increased rate of sulfide dissolution was observed as pl decreased. It 1s also well
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DATE

4-26

7-12 to 7-13

7-14 to 7-19

more detalled information is given in Appendix V

SAMPLES USED FOR _BOX PLOT

TYPE OF SAMPLE

grab

grab

grab

composite

composite

composite
grab

grab & composite

composite

grab
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low flow

low flow

tail of rain
comp over rain
for all, grab

foxr FL4

all piles except
FL4

over rain
low flow

during & over
rain event

before and over
rain

tail of rain



o

documented that the oxidation of the metal sulfides results in acid production
(Hawley, 1972; Eisenreich et al, 1976). WNormally, the buffering capacity ot the
gabbro is sufficient to maintain the pH in the neutral to slightly basic range.
If the oxidation rate increases or the buffering capacity decreases, the pH may
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 transporf.

With the exception of copper, the box plots indicate that piles 1-4 generally
have comparable median concentrations. Median copper concentrations for piles 2
and 3 appear to have increased between 1977 and 1978, and the 1978 values are higher
than those for piles 1 and 4. In 1977, the median copper concentration was com-
parable for all four piles. Median concentrations for piles 1 and 4 are essentially
the same for 1977 and 1978. The fact that the median nickel concentrations are
similiar for all piles, both in 1977 and 1978, suggests that the overall releas=
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
is5 needed to determine the significance and the cause of this increase.

Median pH valués for piles 1-4 increased slightly form 1977 to 1978. Comparison
of the median sulfate data did not reveal any consistent pattern between the two
years. Median sulfate concentrations decreased in FL 3 and 4, increased in FL 1

and essentially remained the same for FL 2.
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SUMMARY AND CONCLUSIONS

Preliminary analysis of the data indicates that for piles 1 through 4 median
nickel concentrations in 1978 ave comparable to those measured in 1977. There seems
to be no significant differences in median nickel concentration améng the first four
piles.

Piles 2 and 3 exhibit increased copper concentration which appear to be the
result of increased copper mobility. Organic compéunds which are capable of
complexing copper may have been washed out of the soil top cover, allowing more
copper to remain in solution.

?iles 5 and © 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.
When the pH declined, substantial amounts of metal were released in the leachate.
The exact cause of the acidification is not known, but is being studied.

The overall runoff coefficients indicate that pile Z had the least amount of
runoff. Pile 2 was covered with topsoil and a good vegetative cover was established.
Vegetative cover was sparse on the till covered piles and preliminary analysis

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

conclusions are preliminary and analysis is continuing.
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FPUTURE ANALYSIS

An outline for future analysis is given below. AaAny recommendations or comments
“on the outline or suggestions for additional analyses would be appreciated.
I.: Calculate mass release from each pile
A. flow calculations \
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. readjustmegts in daily flows will be made
3. plot daily hydrographs
4, compute total outflow frou sach pile
B. assign "representative' concentrations
1. ideally, for each major event, there would be a flow weighted
composite sample, then the mass released during that event would

be

mass (mg) = total (liters) X flow weightead (mg/1)
released flow concentration

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

a. concentration variation with time, flow, and rainfall will
be studied

b. ‘"representative" concentrations will be chosen and applied
to different portions of the hydrograph

II. Factors affecting mass release
A. top dressing
1. 1is there a difference between the covered and uncovered piles
2. compare the msss released byveach 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
betwecen events increases
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C.

III.

C.

Iv.

A.

rainfall
1. plot mass release versus
a. rainfall (in)
b. rainfall intensity (in/hz)

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

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

2. compare 304 release with metals release - is there evidence for
a large increase in sulfide dissolution

age of piles

1. is there a relationship between mass release and the total amount
of rainfall that has fallen on the pile.

Other considerations
Acid forming potential
1. delineate the possible cause for the acidic conditions in FLS

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

3. compare the behavior of 5 and 6, is there a trend.
Peak runoff vs base flow
1. How much of the flow is "peak runoff" and how much "base flow"

2. On a vearly basis is most of the mass transported during peak f£low
or during base flow

Compute release rates for each pile (kg /ton yr)
1. how does the release rate vary between piles
a. 1s there a correlation with the % S in the rock

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

3. use major cations to estimate rates of host rock weathering - is
this consistent with what is alraady known

Redesign sampling plan
re-evaluate parameter list

1. are there some parameters which are not providing useful information
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B. re-evaluate - sampling plan

1. should more oxr less samples bhe collected?
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Appendix 1 Field Methods

Methods for sampling the field leach piles have undergone constant evaluation
and change. Changes were made to produce a more representative sample. Documenta=
tion of these changes is necessary for proper interpretation of sample results.

From April 26 to May 24 no volumetric discharges were obtained from individual
leach piles. Instead, the discharge from the common sump (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 individual piles could not
be accurately calculated.

It was decided, therefore, to install low pressure, low volume flow meters in
the discharge line of each leach-pile (Figure 3). The installation was completed
on May 24. It soon became apparvent that the flow meters were malfunctioning due
to a combination of low water pressure and fine particulates. To correct this,
two changes were made. A fine mesh nylon screen was installed upstream of the
meter to filter particulates (Fiéure 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 properly at high
flows but continued to stop during low flows.

Release of metals is known to fluctuate with rain events, therefore, composite
samples were needed to accurately estimate an average release for each rain event.
To composite the flows a ''passive drip sampler' (Figure 31) was 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‘sample volumes being collected at high flow than at low flow. In
practice, this did not work. The drip flow was difficult to regulate and showed

very little response to the w:ier level in the pipe. Since the drip rate did not
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change significantly with the flow, the composite sample tended to oversample
base flow., After the filter screens (for the flow meters) were installed a stand-
pipe was added so that only flow above base flow would be sampled. Thereafter
the drip flow did not always begin with rising flow and had to be readjusted
manually. Additional problems occured during backwater conditions. As the water
backed up in the pipe, the drip flow continued and the sample did not represent
the.storm event. On several occasions, the backwater condition began during the
night and by morning the five gallon collecting container had overflowed.

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 controlled by a float switch in
the sump. Each time the pump is activated the event is recorded on a Rustrak
recorder. A flow meter installed on the pump outlet records total discharge.
A small sample line has been installed in the pump discharge line. Each time
the pump is activated a small aliquet is placed in the sampling container.
This produces a flow weighted composite sample: more sample is collected at high
flow since the pump is activated more frequently. This sampling and recording
system was tested first on leach pile number 4 (installed August 11). The
system operated well and it was decided to similiarly instrument the remaining

piles. By November 3 instrumentation was completed on leaching piles 1,2 and 5.

“Instrumentation of piles 3 and 6 is nearing completion.

© LABORATORIES

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

Minnesota; DNR Minerals laboratory, Hibbing, Minnesota; DNR field laboratory at
Minnanax; and the Minnesota Department of Health laboratory in Minneapolis. The

following is a list of the parameters analyzed by each laboratory.
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Minnesota
Dept. of
~MHealth
Dissolved
Organic
Carbon

Serco
Laboratovries

Chloride
Nitrate
Ammnonia
Total Phosphorus
Sulfate
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Calcium
Magnesium
Sodium
Potasium
Copper
Nickel
Iron
Manganese
Cobalt
Zinc

DNR Field
Laboratory

H

gpecific Conductance
Temperature
Alkalinity
Dissalved Oxygen
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'Appcndix LI

FLOW CALCULATIONS

Flow meters were installed on each pile but did not always function satis-
factorily. They were routinely read at 0800 and 1400-1600 every day during the
week. The condition of the meter was noted (ruaning, stopped, running but
sticking). No readings were made on weekends and holidays.

After fine mesh screens were installed upstream of the meters, (July 14), the

metefs usually worked satisfactorily at high flows. Prior to July 14, the meters
would sometimes jam during rain events and the flow would have to be estimated
using volumetric flow measurements or through comparison with other piles.

The meters rarely worked under low flow conditions. Base flows were generally
computed using volumetric measurements. Normally the flow was measured between
1400~1600 and the recorded flow was assumed to be a good measure of the average

daily flow rate.

Examples of the methods used to estimate daily flows are given in Table XVII.

The general approach that was used was:
1 - meter readings were used whenever possible

2 - if a meter was stopped prior to a storm event, the assumption was mads
that it began to record when the vunoff from the storm began.

3 - if the metexr was recording at 1600 and still running at 0800 the next day
the total flow was divided strictly by time i.e. one half of the flow was
assigned to the time period 1600-2400, one half was assigned to the period
2400-0800.

4 - Weekend: flows

a - if no rain occured during the weekend the flows would be interpolated
from the Friday and Monday values.

b - if rain occured, meter readings would be used. Sometimss meter readings
would be used to represent peak flow and base flow would be es
from the Friday and Monday values.

5 - when there was no rain, the daily flow was computed from the volunetric
measurement.
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6 -~ in the early spring before individual metecrs were installed and before
volumetric measurements were taken, the sump outflow was used to estimate
the flow from each pile. The sump output divided by the number of piles
that were flowing at that time gave the 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 and total flows were small, this refinement is probably
not necessary).
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EXAMPLE OF FLOW CALCULATIONS
The data for pile FL4 is shown below

(s=meter stopped, r=running; s-v, running, but sticking)

Metex Volumetric Rainfall Daily
\ Reading Flow Rate in Flow,
' Date Time (gal) ml /min Time liters
7-14 0800 6413s
1500 6412.9s 300 0 432
7-15 no readings .08 432
7-16 weekend o] ' 281
7-17 0800 6413s 0
, 1400 6413s 90 130
7-18 0800 metexr 1.51
undexr water
1435 7235.2x 1020 2400~
0200 3758
© 7-19 0800 7548s-r .24
i 1400-1600
) 1455 7620.3x 2325 1274
7-20 0800 7849x 0 336

The calculations wexre made as fallows:

: Date - Rainfall Method

7-14 v 0 volumetric flow used as daily
| average

7-15 .08 this was a small rain, the

assumption was made that it
was enough rain to maintain
the overall flow at a level
comparable to 7-14

‘ 7-16 0 since this was a weekend, no

| ‘ meter or volumetric measurements
were made, The average of the

flow on 7-15, which was assumed

-to ke the same as the flow on 7-14,
and 7-17 was used,
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(cont'd)

7-18

7-19

Rainfall
0

2400-0200
1.51

1400-1600
.24

81

Method

volmetric flow was used as
daily average

the assumption was that the
metexr began to recoxd at 2400
the total flow from 2400-1435
was obtained from the meter
the flow from 1435-2400 was
obtained by time weighting 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 ]

l-the flow from 2400-0800 was
obtained from the time weighted
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 neter = 276
1500-2400 9/17 (867) = 457 1

Total Flow=541+276+457=1274



Appendix II1

WATER QUALITY 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 Laboratories (Table XIX). The results of all

the samples are tabulated by pile and are presented in Tables XX - XXV.
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C= composite sample
Table XVI1I WATER QUALITY SAMPLES G= grab sample
COLLECTED IN 1978

DATE FLOW CONDITIONS PILES

SAMPLED

1 2 3 4 5 6
4/26 Low Flow 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 Flow G
7/7 Composite ovexr rain 24G
7/8 Composite over rain 13G
7/9 Tail of rain G
7/6-7 Peak c
7/7-11  Tail of rain e
7/12-13 Peak C C c C C
7/13 Tail of rain G
7/14-19 Compeosite over rain C C C C C
8/1-2 Composite over rain C c C Cc o
8/2 Tail of rain o
8/4 Low Flow G G G G G G
8/10 Low Flow G G G G
8/14-16 Composite over rain c c
8/16 Composite over rain G 3G 3G C 4G G,C
8/17 Tail of rain G
8/18 Tail of rain G
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C= conposite samnle

G= grab sampla
DATE FLOW CONDITIONS PILES SAMPLED

1 2 3 4 5 6

8/16-17 Tail of rain C C
8/17-18 Composite over rain C
8/18-21 Low Flow C
8/17-23 Composite over rain C C C C C
8/21-23 Before Peak C
8/23 Peak 2c ¢
8/23~25 Tail of rain c C C C C C
8/25-28 Composite over rain ~C C C C C
9/10-~13 Composite over rain C C C
9/10-11 Composite over rain C C
9/11 Before Peak G
9/11-12 Peak and after peak C
9/12-13 After peak C
9/13 : Tail of rain G G G 2G G G
10/14-17 Conmposite over rain c C C
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Table XIX

* Total Metal

85

Anax samples -- Serco
Pate 24 4-24 4-24 4-24 4-24 4-24
I Sample type grab grab grab grab grab grab
Time
Site FL-1 F1-2 F1-3 FL-4 FL-5 FL-6
Parameters
Alkalinity 32 66 55 53 58 80
pH 7.8 7.8 7.6 7.5 7.7 7.7
Temperature
Specific 967 819 642 776 1520 5150
Conductance
Calcium 115 75 67 38 165 430
rlagnesium. 11 17 12 8.2 12 150
Sodium 110 90 58 63 162 516
Potassium 9.0 8.2 8.2 17 4.5 8.5
Copper .025 .019 .013 017 039 .036
Nickel .110 .095 .075 .090 .725 .960
Iron L15% 7.5% . 35% .20% 25% L45%
rlanganese .06 .06 .06 . .09 33 .66
Cobalt - = .007 .006 .005 007 082 .042
Zinc ) .033 .029 017 | .048 .021 011
Sulfate 540 400 300 350 780 “680
Chloride 3 3 2 5 32 - 569
Nitrate 2.7 4.3 3.1 1.3 28 460
Ammonia '
Total
Phosphorus 0.1 2 .1 1 1 0.1
Dissolved 8.9 0.8 4.0 5.0 10 5.8
Organic
Carbon




Fxplanation of comment statements

1. Rain If the sample was collected during a rainfall event, the total
amount of rainfall and its time of occurence is given, 1f the sample
was collected between 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 position of the sample
relative to the peak in stockpile runoff is given. If the sample was a

composite, the portion over which the sample was collected is given.

5. Other These comments refer to field observations on pile behavior,

sample appearance, etc.
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Table XX WATER QUALITY DATA FL 1, 1973

FL-1

Date 4-26 6-6 6-7 6-16 s et (A EE 6-26.

Sample type grab grab arab erab grab grab orab arab
' Time ’ 2110 0900 1025 0950 1300 1525 0900

Parameters

Alkalinity

pH 7.15 7.60 7.84 7.49 7.3 7.85 6.35 |-

Temperature 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

Magnesium 11 19 23 22 18 17 - 17 20

Sodium 113 268 327 368 313. 273 279 315

Potassium 13 20 23 .22 23 21 20 Al

Copper .032 030 .041 .028 027 - .024 023 .024

Nickel 0372 | 250 | 272 21552 | 274 .228 .250 .294

Iron .20 & .02 .03 .05 .02 .02 .03 .04

Mangansse 1 .06 .13 .15 C.14 .10 .09 .08 .09

Cobalt ‘1 .003 .009 .005 .001 <013, 012 .012 .014

7inc 017 .002. L0302 .002 004 .002 ND . .010
| Sulfate- _ - ._ «; , | oot 1406 - [ 1400 1000

o= . N e (o vranvu,L

Chloride . X‘Y\\ ol 6 6 3

Nitrate i

Ammonia

Total

Phosphorus

Dissolved

Organic

Carbon

Discharge at trickle 2558 - 120 175 207 127 59

time of :

Sanple ~

(ml/min)

Total Volume over - - - - - - - -

composite (liters

Commients

1. All parameters in mg/l except as follows.
0
a. Temperature = ~C
b. Specific Conductance = unho) . ‘ ‘
c. Nitrates and ammonia are mg/l as nitrogen, total phosphorus is mg/l as phosphe:
and dissolved organic carbon is mg/1l as carbom.

2. A1l metal values are filtered, unless otherwise specified.

3. a = Value appears anomalous b = Teanalysis
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Comments

(O3]

Rain

Portion of
hydrograph
sampled

Other

low. flow

Initial
sample
Snow
Run off

<75"
17350-2400

Peak

last rai
0-6
0.75"

After
peak

38

1750-240¢

last rvain
6-10
0.19"

2300-2400

low flow

L35
0745-1015 ., 291
1915-2000 06
Before | After After
peak peak peak

Some gray
matter in
water

last rain
6-25
047

1300-1850

Tail of
0.4" rain




FL-1

composite (liters)

1. All parameters in mg/l except as folldws.

a. Temperature

°c

b. Specific Conductance =

umho
c. Nitrates and ammonia are mg/l as nitrogen, total phosphorus is mg/l as phosphert

and dissolved organic carbon is mg/1 as carbon.
2. All metal values are filtered, unless otherwise specified.

(W2

89

Comp. = Composite a= Value appears anomalous b = reanalysis

Date 7-5 7-7 7-11 7-13 7-18 8-2 8-4 §-10
Sample type Grab Comp. Comp. Comp. Comp. Comp. Grab Grab
Time 0830 1600 on 1630 on | 1200 on 1530 on{ g-1 - 1045 1340
j 7-6 to 7-7 to 7-12 to 7-14 tol 1700 .. -

1630 on 1525 onn {#0840 on 1400 on| to 1515

7-7 7-11 7-13 7-19 on §-2
Parameters

Kalinity 70

pr 7.75 7.90 7.70 7.92 7.80 7.90 7.80 8. 10
Temperature 14.0 19 22 22 24
Specific
Conductance 2100 | 1900 2450 1400 1100 1650 2400
Calcium 202 221 305 | 5318 340 176 - 300 414"
blagnesium 20 . 23 26 31 19 11 - 23 26-
Sodium 206 222 286 395 220 127 - 209 317
Potassium 28 34 38 45 34" 25 - 37 46.
Copper .018 024 | 024,.058 -027 023 .027- .034 03
Nickel .206 285 |.40s,.378 -4052 255 .21 .33 .46
Iron .01 .04 .03 .01 .01 0L 03 02
Manganese .09 .09 .14 .16 11 .09 - .13 .16
Cobalt 007 019 |022,.037 .026 .019 .016. .016 R
Zinc B ND 005 L01b 1 .058% 003 .010- .013 .025
Sulfate 900 800 1150 1500 1050 650 “1200 16G0
Chloride 4 4 5 4 1 1 3 4
Nitrate 5.7 5.7 6.2 3.9 3.4 5.0 -
Ammonia -44 64 | 0,55 0.5 0.7 | £ 0.08 | «0.13
Total 0.1 [<0.1 <0.1 | <0.1 0.1 | =0.1
Phosphorus <0.1
Dissolved
Organic
Carbon
Discharge at .
time of sample 177 167 70
(ml/min) (Q at
Total Volume over 1535)



Commnents
4. Rain

5. Portion of
hydrograph

6. Other

Last
Tain 7-1
7~2 1.30
1400 on
7-1 to
1100 on
7-2

Tail of
1.36"
rain

P
1

1.38"
0600~
1400

Peak

. lnz‘gﬂ

from
0600~
1400 on
7-7;
0.15"
from
1100 7-8
to 0200
7-9

Tail

Comp.
was 1816
mls

20

0. 77
from
1400-
1600
2000-
23500 on
7-12

and

Peak

L.sim
0001 -
0200

Comp.
over rairn
7-18

First of
the pre-
sent drip
Comps .

Last rain
8-1
0.954

Comp.
over
rain 8-1

Last
rain 8-1
0.95"

Tail of
0.95"
rain

Last rain
3-1

0.95"
0.13" on
3-10

time
1100-1200
Low flow



Date 8-16 8-16 8-24 | 8-25 8-28 9-13 | 9-13

Sample type Grab Comp. Comp.™* | Conp. Conp. Grab Comp.

Time 1015 3-14 1025 on {1945 on 0830 on 1020 1130 on

j 2050 Lo 8-17 te |8-23 to 8-25 to 13- 12 to
1450 on 1945 on J0830 on 0820 on 1020 on
8-16 8-23 8-25 8-28 9-13

Parameters

Alkalinity ~ o -

i 42 50 | 47 59 H 40

prl §.00 7.70 8.10 7.55 7.85 7.6 7.55

Temperature 23 16 22 14

Specific .

Conductance 1400 1675 2600 2500 2700 2175 2000

Calcium 190 . 149 302 300 308 254 238

Magnesium 15 13 26 26 26 20 18

Sodium 107 97 240. 229 280 169 151

Potassiun 28 22 40 43 40 41 38

Copper .02 .02 04 .04 .05 - .05 .04

Nickel .20 17 36- .35 .42 27, .28

Tron .02 02 .06 .02 .04 ..03 03

Manganese .07 .07 old .14 o 15 .14 .10

Cobalt ) .02 .02 04 01 o3P 7P 02 .02

7inc = .01 02 .02 .02 .02 .01 .01

Sulfate 640 1400 1300 1100 1000

Chloride 2 1 1 2

Nitrate 2.5 5.0 4.6 - -

Amnonia - - 0.40 - -

Total

Phosphorus < 0.1 =<0.1 0.2 < 0.1 ]<0.1

Dissolved

Organic

Carbon

Discharge at

time of sample 3441 426

(ml/min)

Total Volume over
composite (liters)

1. All parameters in mg/l except as follds.

a. Temperature =

b. Specific Conductance = umho

c. Nitrates and ammonia are mg/l as nitrogen, total phosphorus is mg/l as phosphort:

and dissolved organic carbon is mz/1 as carbon.

2. ALl metal values are filtered, unless otherwise specified.

5. Comp. = Composite

a = Value appears anomalous Db
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Comments
4, Rain

5. Portion of
hydrograph

6. Other

*Mean of duplicatg

1.28"
0400~
0800
. 60" on
8-14
.26 on
8-15

Peak

samples

1,28"
0400~
0800
. 60" on
8~14
L26" on
8-15

Comp.over
rain 8-16

Last
rain
8-22,8-2]
1.75"
2000 on
8-22 to
1100 on
8~23

Comp.

over

rain
8-22,23

Last
rain
8-22,
8~25
1.75"
2000 on
8-22 to
1100 on
8-23

Tail of
175"
rain

SN —

oo
[
e
o B

3

8-27

0.20"
1200~
1400

Comp.
over
rain
8-27

Last rain 9-10,
11,12 2.46" total
1.00" 1200-1530
9-10
1.3
9-11
L15" 0300-1000

0-12

0830-1200

Tail of After
2.46" Peak
rain




FL-2 Table XXI Water Quality Data, FL2, 1978
bate 4-26 5-25 6-16 7-5 7-13 7-19 8-2 8-4
Sample type Grab Comp. Grab Grab Comp . Comp. Comp. Grab
lime 1120 0830 1155 onf 0810 on | Start off 1030

7-12 to| 7-18 to { rain to

0840 on| 1400 on | 0930 on

7-13 7-19 8-2
Parameters
Alkalinity
pH 7.20 7.70 7.72 7.5 7.92 7.380 7.75 7.75
Temperature 4.0 11.0 12 19 22
Specific
Conductance 1000 1900 4200 | 2700 1300 | 2000 2500
Calcium 99 177 323 218 491 291 191 341
Magnesium 13 23 47 33 43 24 21 42
Sodium 101 24] 555 313 376 189 241 410
Potassium 12 15 23 28 37 28 26 33
Copper .038 .040 .056 .057 . 049 .062 08 .07
Nickel .0308 | .240 .2002 | .3168 .410 24P .26 .44
Iron .824 .05 .03 .04 .03 .01 .04 .05
Manganese .07 .16 .31 .22 .29 .16 18 .28
Cobalt .003 .008 015 | .021 .033 |.01,.019 01P .029
Zinc .020 L028 075 | .084 .09P 033 055 1132
Sulfate 1400 800T 800 1700% 1700
Chloride 34 30 41 14 19
Nitrate 23 24 19 26
Ammonia .70 .55 .8 <.08
Total -
Phosphorus <0.1 <0.1 <0.1 < 0.1
Dissolved ' ‘
Organic
Carbon
Discharge at
time of sarple Trickle 192 133 100
(ml/min)
Total Volure over
composite (liters)

1. All parameters in mg/l except as folldus.

a. Temperature = °c
b. Specific Conductance = umho
¢. Nitrates and ammonia are mg/l as nitrogen, total phosphorus is mg/1l as phosphorus
and dissolved organic carbon is mg/l as carbon.
2. All metal values are filtered, unless otherwise specified.
o

Corp. = Composite o« 1 = Analysis rerun, sce 10-5-78 memorandum from Serco.

(2]

reanalysis
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4, a = Valueappears anomalous b =



Comments
T4, Rain
? 5. Portion of
hydrograph
6. Other

Initial
sample

0.29"
0630~
06730

Comp. ovex
rain 5-25

Last
rain 6-10

0.10"
2300~

2400

Low
flow

t rain

1100 on
7-2

Tail of
1,36
rain

0,77"
from
1400-
1600 §
2000~
2300 on
7-12

Peak

1.51"
from
0001~
0200 on
7-18;
0.24"
7-19
(time
unknown)

on

Tail of
1.51"
rain on
7-18

First of
the pre-
set drip
comps .

Last
rain
8-1
0.95"

Comp.
over
rain
8-1

Tail of
0.95" rain




Fi-2

Dake 8-16 8-16 | 8-16 §-23 §-25 8-28 9-13 9-13

f@mplf type Grab Grub Grab Comp. Comp. { Comp. Grab=® Comp.

e 1010 1345 1655 1000 on | 1940 on{ 0840 on 1045 Rain on
&~-17 tol| 8-23 to]8-25 to 9~-10 to
1940 con | 0840 on|0820 on 1045 on
8-23 8-25 8§~-28 9-13

Parameters

Alkalinity 38 41 31 35 48 41 17

PH 7.20 7.80 7.75 7.60 7.350 7.55 7.45 7.05

Terperature 23 23 15

Speciftic

Conductance 975 1100 1200 | 1100 1600 2300 | 1725 950

Calcium 100 108 116 103 170 253 182 84

Magnesiun 12 15 16 15 24 34 22 10

Sodium 88 95 104 86 125 196 138 74

Potassiun 17 16 17 18 28 32 30 23

Copper .14,.17b .12,.14‘9 .13,.14“ ‘13,.15]3 11 .10 .10 14

Nickel .15 .18 21 .18 .24 .38 .26 12

Iron .05 .05 .04 .04 .01 .01 .02 .03

Manganese .08 .10 .10 .10 .15 .23 A .16 . 06

Cobalt o .02 .04 .02 03 |05, 040 | .02 .02

Zinc .02 .02 .04 .02 .05 0P .06 .03

Sulfate 500 500 460 680 1100 600 567

Chloride 17 17 15 25 54 18 6

Nitrate 10 11 9.4 17 24 13 -

Anmonia - - - 0.64 - 0,10 -

Total ;

Phosphorus 0.1 0.8 |«<0.1 0.1 0.1 0.1 £0:1

Dissolved

Organic 17 ’

Carbon

Discharge at

time of sample 1500 632 420 130

(ml/min) '

Total Volume over

composite (liters)

1.7 All parameters in mg/l except as folldus.

0
a. Temperature = C

b. Specific Conductance = umho
c. Nitrates and ammonia are mg/l as nitrogen, total phosphorus is g/l as phosphorus,
and dissolved organic carbon is mg/1 as carbon.

2. All metal values are filterea, unless otherwise specified.
3. Comp. = Composite
4. a = Value appears anomalous b = reanalysis
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Comments

4.

6.

#Mean of duplicate

Rain

Portion of
hydrograph

Othexr

8-16 also
L.00" from
26" from
1000-1130

Peak

amples

1.28" from 0400-0800 on

2030-2400 on 8-14

0001-0100 and

on 8-15

After After

Peak Peak
Water

Twas yel~

low
colored

96

23N on
8§-18
0001~
0100

, 60" on
8~22
2000-2400
1.15" on
8-23
0001-1100

Comp.overx
rain 8-18,
22 8-23

Last
rain
8~23
1.75"
2000 on
8-22 to
1100 on
8§-23

822

Tail of
1.75"
rain

Last
rain
8-27
0.20"
1200-
1400

Comp.
over
rain
8-27

Last rain 9-10,11,
12 2.46" total
1.00'" 1200-1530 0-!
1.31" 0830-1200 9-1.
.15 0300-1000 9-1.

Tail of

Comp. over
2.46" rain 9-10,
rain 11,12




FL-3 Table XXI1  Water Quality Data, FL3, 1978 -
Date 4-26 5-25 ] 6-16 7-5 7-13 7-19 §-2 Ged
ngplc Type Grab Comp. Grab Grab Comp. Comp. Comp. Grab*
Time 1208 0845 1210 on |1530 on {-.-g-1 1100
) 7-12 to(7-14 to 1800 to

0840 on {1400 on 1515 on

7-13 7-19 3-2
Eizamctglg
Alkalinity
pt 7.20 7.80 7.79 7.3 7.55 7.85 7.60 7.65
Temperature 4.5 6.0 9.0 22 22
Specific
Conductance 675 1200 3000 1600 1000 650 950
Calcium 62 106 214 142 352 241 96 156
Bbgnesiwﬂ 10 24 57 34 46 28 14 24
Sodium 52 122 3728 102 207 - 60 38
Potassium 12 15 21 23 32 27 21 26
Copper 023 | .013 .026 200 1 049 [.074,.1aP| .08 .08
Nickel .06P .0428 185 {,282,.36P| .405 | 140,.33%] .21 .32
Iron .70" .04 .06 < 02 .03 .01 .03 02
Manganese .05 .09 .24 .17 .24 .15 .16 .16
Cobalt _ .050a .012 017 .030 020 .010 .020
Zinc ©ov .020 .059 .037 . 092 2055 .025 .044

e . .

Sulfate 600 10507 5507 | 367F 500
Chloride 78 34 35 12 17
Nitrate 12 10 8.0 11
Armonia 1.0 0.75 0.2 < 0.08
Total
Phosphorus =0.1 0.1 0.2 < 0.1
Dissolved
Organic
Caroon
Discharge at B —
time of sample Trickle 496 293 10007
(ml/min) ‘
Total Volume over
composite (liters)

1. All parameters in mg/l except as follavs.

Q -

a. Temperature = C

b. Specific Conductance = umho

c. Nitrates and ammonia are mg/l as nitrogen, total phosphorus is mg/l as phosphor

and dissolved ovgonic carbon is mg/l as carbon.

2. All petal values are filtered, unless otnerwise specified.

(2]

Comp. = Composite

S. 1 = Analysis rerun, see 10-5-78 memorandum from Serco.
4. a = Value appears anomalous b = reanalysis

LT




Comments : ,
4,  Rain 0.29" Last Last rain|{0.77" 1.51 Last Last rain
06350- rain 7-1, 7-2 | from from rain 8-1
0730 6-10 1.36" 1400~ 0001~ 5-1 0.95"
0.10" 1400 on 1600 § 0200 on 0,95
2300~ 7-1 to 2000- 7-18;
2400 1100 on 2300 on [0.24" on
7-2 7-12 7-19 (time
unknown)

5. Portion of Comp.over) Low Tail of |Peak Tail of | Comp. Tail of
hydrograph rain 5-25 flow 1.36" 1.51" over 0.95" rain

rain rain on | rain

7-18 8-1

6. Other Initial First of
sample the pre-
set drip
comps. ;
comp.didnit
drip ovex
rain
period.
Caught
: tail of
*Mean of. duplicate pamples rain from
about
. BW=backwater is present : 0310 on
: o= 7-18 to
1400 on
7-19
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Dotz 8-10 8-16 §-16 3-106 8-23 8-25 9-315 9-13
Sample type grab grab grab arab Comp. Comp. grab Comp.
Time 1340 1025 1400 | 1640 1050 on [1955 on 1030 | Rain on
' §-17 to13-25 to 9-10 to
1955 on {0835 on 1020 on
8-23  |8-25 9-13

Paransters
Alkalinity 40 28 30 33 25 43 29
pH 7.90 7.60 7.65 7.60 7.50 7.30 7.3 7.30
Temparature 24 23 22 16 24 14
Specific 1900 700 750 800 750 1150 1350 29
Concductance

Calcium 348 - 79 , 89 83 75 115 147 120
Magnesium 51 13 15 16 14 23 24 19
Sodium 188 42 50 - 46 45 67 81 68
Potassium 49 17 20 16 17 23 28 27
Copper .05,.07°) 11, 120 .11,.13° . 10,.1.3P .10 .08 .08 .09
Nickel .56,.57°1.20,.18P |.24,.17%] .23,.22P | .19 .25 30 .30
Iron U1 .05 .08 .08 .07 .04 .04 .03
Manganese .28 .07 .08 .09 .08 .10 .14 .10
cobalt .09 .02 .01 .02 f< o2b .01 .01 .03
7inc : .073 .02 .02 .02 .02 .03 .04 .03
Sulrate 1200 300 500 500 750 567
Chloride 48 10 7 11 8 6
Nitrate - 5.3 5.6 8.5 5.5 -
Ammonia < 0.13 1.1 - 1.3 |<0.08 -
Total < 0.1 0.1 0.1 << 0.1 ko 0.1 ez 0,1
Phosphorus

Dissolved

Organic

Carbon _ |

Discharge at 30 14,1954 | 2839 2103 451.

time of sample

(ml/min)

Total Volume over

composite (liters)

1. All parameters in mg/l except as folldvs.
R .

Temperature = C

Specific Conductance = wuho

Nitrates and ammonia are mg/1 as nitrogen, total phosphorus is mg/l as phosphor
and dissolved organic carbon is mg/l as carbon.

All metal values are filtered, unless otherwise specified.

O oW

N

reanalysis

(2]

Comp. = Composite a = Value appears anomalous b =

4 Rackwater suspected 99



FL-3
- Date
- Sample type

4, Rain

5. Portion of
hydrograph

6. Other

3-10
grab

last ram]
S-1
0.95"

low flow

8-16

grab
1.28" frg
8-16. A
0.60" £y
8-14
0.26" f1
1000-013

Peak

&-10

grab

1s0:

om 0001-

After
peak

100

8-10
grab

m 0400-0800 on

om 2030-4400 on

100 and

0 and 10(40-1130

After
peak

8-23 8-25
Conip . Comp.
1050 ony 1955 on
8-17 to | 8-23 to
1955 on | 0835 on
8-253 3-25
.23" on jast rain
8-18 3-22,23
0001~ 1.75"
g(},QOOH 200(7)f)on
8-22 8".'4.6 to
2000-200 ;199 °n
1.15" on -
8-23
0001-1100
Comp., Tail of
over rain] 1.75"
B-18,8-221 rain
8-23

9-15
grab
1050

last rain
2.46 tot
1.00" 13
1.31" 04
0.15" 03

Tail of
2.46"
rain

9-13
Comp.
Rain on
9-10 to
1020 on
9-13

al

00-1530 9-.
30-1200 ¢9-.
00-1000 9- .

Comp. over

rain
9-10,11,12



1. All parameters in mg/1 except as follows.

a. Temperature = °c
b. Specific Conductance = uymho
c. Nitrates and amnmonia.are mg/l as nitrogen, total phosphorus is mg/l as phosphoin:

and dissclved organic carbon is mg/l as carbon.

BN 7S U

a =

Comp. = Composite

Value appears anomalous

101

All metal values are filtered, unless otherwise specified.

fL;ﬁw‘ Table‘XXIII Water Quality Data, FL4, 1978
Date 4-26 5-25 6-14d 6-16 0-275 6-23 6-25 623
sanple tyne Grab Comp. Grab™ Grab Grab Grab Grab Grah
Fime 0745 Q800 0950 1045 1200 1248
Paransters
Alkalinity
pH 7.20 7.40 7.60 7.70 7.49 7.35 7.2 7.59
Temperature 4.0 9.0 11 14.0 13.0 13.0 14.0
Specific _ : A
Conductancs 1100 1750 2500 2600 1300 1775 2575 2300
Calciun 121 204 228 247 134 151 207 223
bagnesium 11 20 29 30 17 19 28 31
Sodium 84 | 165 262 277 154 182 275 308
Potassiim 27 35 37 4] 27 30 39 45
Copper .018 0122 .024 026 | .022 .023 .026 .028
Nickel .03542 210 220 175 172 . 216 . 314 336
Iron .42 2 .02 .04 .04 .01 .06 .05 .05
Manganese .10 .19 .21 .26 .16 17 22 23
Cobalt ~ .004 012 .016 015 | .009 .015 .025 028
minc - - .048 112 128 .120 017 .042 124 174
Sulfate 600 900 1400 1400
(hloride 17 20 27 30
Nitrate

Ammonia

Tatal

Phosphorus

Dissolved

Organic

Carbon

Discharge at . .
time of sample Trickle 125 94 50 423 475 400
{(ml/min) :
Total Volume over

composite (liters)



Comments
4. Rain

5, Portion of
hydrograph
6. Other

*Mean of duplicate

Low flow

Initial
sample

samples.,

0.29"
0630~
0750

Comp.
over
rain
5-25

Last
rain
6-10
0.10"
2300~
2400

Low flow
sample
just
prior to
rain.

102

Last
raln
6-10
0.10"
23500~
2400

Low
flow

Total rainfall on €-23 = 0, 35"
29" from 0745 - 1045

L06" from 1915 -

Some
cloudy
grey vhe
filtered
on sur-
face of
unit,

2000

Water
grey in
color
prior to
filtering

Water not
as turbid
as previous
sample.



: 6-23 6-23 1 6-23 6-23 | 6-23 6-253
{u D tvpe Grab ijab’* Gr{ab Grab Grab Grab*
s 1420 1540 1700 1500 | 1900 2100
¢ sters
;g;;zlinity o
) 7.45 7.45 7.82 7.55 | 7.8 7.75
nperature 14.0 14 7.0 ’
%"Lfic
0 actance 2650 2650 2650 2500 | 2625 2500
?cium | 225 223 215 228 | 220 216
¢ esium 31 30 29 32 30 30
dium 300 296 291 306 | 293 292
¢ ssium 43 | 42 41 43 43 42
pper 1 Loz .024 .020 015 | .020 .020
el .336 .325 2314 360 | .336 .320
Fa .03 .02 .02 03 | .01 o je .02
nganese .23 .22 .20 24 | .23 .22
j_ Foy .026 .026 .022 026 | .023 022
inc - .156 .152 .170 1735 | .160 BEE
© fate 1200 1200 1200 11300
‘aloride 28 21 31 30
| irate
iwnonia
fﬂtay
| osphorus
jjissolved
fﬁfg;nlic
| rbon
fﬂischarge at
|~me of sample 280 175
} al/min)
gTOtal Volume over
|| omposite (liters)
I
|

f 1. +All paramsters in mg/ 1 except as follous.

| a. Temperature = °C

I b. Specific Conductance = umho

! c. Nitrates and ammonia are mg/l as nitrogen, total phosphorus is mg/l as phosphorus,
B and dissolved organic carbon is mg/1 as carbon.

ALl metal values are Filtered, unless otherwise specified.

™o

Comp. = Composite

(3

103



prom ey

;Comments
4, Rain

5. Portion of
hydrograph

6. Other

* Mean of duplicate g

Clear
water

amples.

Total ra
0.29" fr
0.06'" £r
Isco #2

pH taken
626
1350;
filtered
6-26;
added tc
Isco #3
for

504 Cl

infall on
om 0745 -
om 1915 -

Isco #3

104

6-23 = 0].

1045
2000

Isco f#4
pH taken
6-26
1340;
filtered
6-26;
added to
Isco #5
for SO
and 4
C1

(93]
vl

Isco #6
pH taken
6-26
1555;
filtered
2t 1445
on 6-26;
kept
separate
ifoxr SO4
Cl




6-23 6-26  F 76 7-7 7-7 7-7 7-7 7-7
Sample type Grab Grab Grab Grob Grab Grab Grab Grab
Tine 2300 0520 0830 0400 0500 0600 0700 0800
Eggameters
Alkalinity
pH 7.7 7.90 7.58 7.65 7.60 7.45 7.2 7.3
Temperature 17 17
Specific .
Conductance 2400 2150 1825 2050 2050 2050 1200 1400
Calcium 213 186 212 234 2420 234 132 166
Magnesium 29 24 25 25 24P 27 15 17
Sodium 278 .| 260 180,1730 201 220° 239 137 156
Potassim 41 41 52 45 43P 42b 20D 29b
Copper .013 .021 .019 .017 .02 .02 .01 .02
Nickel .36 260 275 .290 .32 .31 .17 .18
Iron .01b - 0 .03 .03 .01 .02 .04 .01
Manganese .22 .18 .18 .20 .19 .19 - .12 .13
Cobalt .025 .019 .019 022 .06 .06 .02 04
“inc o .147 .084 .073 .132 .13 .12 .06 .07
Sulfate 900 850" 100" 550
Chloride 28 11 17 9
Nitrate
Ammonia
Total
Phosphorus 0.1 <0.1 <0.1
Dissolved
Organic
Carbon
Discharge at
time of sample ) 88 |
(ml/min) {
Total Volume over
composite (liters)

1. A1l parameters in mg/l except as follows.

a. Temperature = ¢

b. Specific Conductance = upho

¢. Nitrates and ammonia are mg/l as nitrogen, total phosphorus is mg/l as phosphoru:
and dissolved organic carbon is mg/l as carbon.

All metal values are filtered, unless otherwise specified.

Comp. = Composite 5. 1 = Analysis rerun, see 10-5-78 memorandum from Serco.

@ = Value appears anomalous b = reanalysis
SA0S e e e

e A ks n s e g o s . B o



~

omments
4. Rain

5. Portion of
hydrograph

6. Other

Isco #8
pH taken
6-26
1540;
filtered
6-26
added to
Inco #7
for SO
and

Cl

‘Last
rain 6-25
04" 1800
~1830

Tail of
04" rain

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

Low flow
after
1" rain

106

Tot
from

Isco
filtered
1450

11 rainfa

0600 -

Isco
filtered
1455

1 on 7-7

1400

Isco
combined

S it
904 C1

= 1,330

Isco
for

Isco
filtered
1520 com-
bined with
0800 for
general
parameters



FL':}

p&te 7-7 7-7 7-7 7-7 77 7-7 77 7~7
ﬁ?mple Lype Grab Grab Grab Grab Grab* Grab ra Grab
I'lne 0830 0900 1000 1100 1200 1300 400 1500
Parameters

Alkalintity

pH 7.20 7.15 7.40 7.40 7.40 7.40 7.15
Temperature 11 11 11

Specific

Conductance 1000 1450 1550 1275 | 1125 1050 950
Calcium 176 172 179 145 126 115° 104
bagnesium 18 18 19 15 13 10° 10

Sodium 161 157 164 122 110 88b 80
Potassium 13632 | 29 33° 268a | 6072 22P 200
Copper .02 .02 .02 .02 .02 .01 .01

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

Iron .03 .07 .05 .01 .02 .02 .02
tlanganese 12 .13 .12 .10 .08 .08 .07

Cobalt 02 .02 < ,01 .02 .02 .01 & .02

Linc - 07 07 .08 .05 .04 .04 .04
Sulfate 600 550 600% 458 450 400 2507 500
Chloride 9 9 11 8 6 6 5 5
Nitrate 2.0 1.8 1.4
Ammonila 76 .96

Total '
Phosphorus < 0.1 | = 0.1 <0.1 | =0.1 [=0.1 <0.1 < 0.1 0.1
Dissolved

Organic

Carbon |

Discharge at , ) :
time Qf sample 13,360 11,238} ,8,051 5,002 4,732 6,489 5,344
(ml/min)

Total Volume over

composite (liters)

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

[g IR ey

0

Temperature = “C
SpeciLiL Conductance = ymho
Nitrates and ammonia are mg/l as nitrogen, total pno:pnOTUD is mg/1 as phos

and dissolved organic carboa is mg/l as cqrbon

o™
°

Comp.
a = Value

R o]
o

= Composite

appears anomalous

5.

b

I‘:;

= reanalysis
17

All metal values are filtered, unless otherwise spzcified.
Analysis rerun, see 10-5-78 memorandum from Serce.

)

phor




Comments

4.  Rain
5. Portion of
hydrograph

6. Other

*Mean of duplicate

samples.

)

Isco
filtered
1530
combined
with 0800
for G.P.

Isco

108

Tetal v
£1oI

infall on
0600 -

7-7 =

1400

':8”




FL-4

ate 7-7 7-7
Sample Uype Grab Grab
Time 1600 1700
Paraneters

Alkalinity

pH 7.65 7.35
Temperature 11 11
Specific 950 1100
Conductance

Calcium 144 119
rHagnesium 11 11
Sodium 84 39
Potassium QQb '24b
Copper .01 .01
Nickel .11 ;12
Iron .01 .03
Manganese .08 .09
Cobalt <,01 < .01
Zinc - .04 .05
Sulfate 430 7% 450 T -
Chloride ' 5 5
Nitrate

Ammonia

"Total

Phosphorus <0.1 0.1
Dissolved

Organic

Carbon

Discharge at

%ﬁ»fng)fwample 3586 2074
Total Volume over

composite (liters)

1. All parameters in mg/l except as follows.

-

a. Temperature = °c

b. Specific Conductance = ymho

c. Nitrates and ammonia are mg/l as nitrogen, total phosphorus is mg/1 as phosphoru
and dissolved organic carbon is mg/1 as carbon. .

All metal values are filtered, unless otherwise specified.

5. r = Analysis rerun, see 10-5-78 memorandum from Serco.

™~

(3}

Comp. = Composite

4. a = Value appcars anomalous b = reanalysis
ilo



Comments

4. Rain Total xainfall or
7-7 = 1.38" from
0600 - (1400

5. Portion of
hydrograph

6. Other

111




FL-4

Date 7-7 7-1 -7 7-7 7-7 77 7-7

Sample type Grab Grab® Grab Crab Grab i Crab Grahb

Time 1800 1900 2060 2100 | 2200 2300 2400

Parainsters

Alkalinity

pH 7.65 7.50 7.50 7.45 7.40 7.55 7.65

Tempearature 11 11 11 11 11

ggigiéi;nce 1125 1150 1175 1200 | 1200 1175 1200

Calcium 129 128 134 136 139 152 189

blagnesium 12 12 14 14 13 13 15
! Sodium 97 92 110 111 99 96 114

Potassium 35 | . 26P 38 37 28D 32 40

Copper 012 .015 012 .014 .01 ) .01 .009

Nickel 170 .135 170 . 150 .14 .14 <160
; Iraon .05 .02 .02 .02 .02 .02 - .02
' Mangeness .10 .10 .10 .10 .10 : .09 11
- Cobalt .011 .01 .011 011 | < .0 .01 01
. Zinc s 049 .05 047 .056 .04 , .05 .050
- Sulfate 480 500 540
Chloride 5 5 5
\ Nitrate 4 1.5 1.5

Ammonia A4 .40

- Total )

Phosprorus <0.1 0.1 < 0.1

Dissolved

Organic

Carbon

Discharge at

time of sample 2469 2055 1747 1822 1431

(ml/min)

I Total Volume over
composite (liters)
1. All parameters in mg/l except as follovs.

-

J
( a. Temperature = °C
3 b. Specific Conductance = umho

1 c. Nitrates and ammonia are mg/l as nitrogen, total phosphorus is mg/l as phosphon
j‘ and dissolved organic carbon is mg/1l as carbon,
|

T

All metal values are filtered, unless otherwise specified.
s 2

(W3]

Comp. = Composite
4. a = Value appears anomalous b = reanalysis

e ll2 e - R A i Bl L PR N et



Lomments
4. Rain

5. Portion of
hydrograph

6. Other

*Mean of duplicate

samples,

Total 1
0600 -

1400

ainfall an 7-7 = 4

kKl from

Filtered
immedi.~
ately

Isco #1
filtered
7-10
1330

Isco #2
filtered
7-10
1330

Isco #3
filtered
7-10
1330




7-8 7-8 P78 7-8 7-38 7-8 7-8 7-8
nle type Grab Grab Grab Grab Crab Grab Grab Grab
e 0100 0200 0300 0400 0500 0600 0700 0800

oy oy A ~ o
ranmieers

'hl Ka l il’li t:»' . .
7.65 7.60 7.72 6.65 7.60 7.50 7.50 7.60

Loaperature
| snecific

| nductence 1225 1250 1275 1350 | 1325 1325 1350 1400
E

{

| 233 245 159 1168,175°

Calcium 194 212 210 224
| .gnesium 15 16 15 12 16 16 16 17

5 sudim 111, 121 118 116 121 124 113 119
{ 39 43 40 40 41 42 34 38

, otassium

| _spper 014 .012 .007 014 | 012 .009 .02 .02
| Nickel 160 | .160 w170 | .225 | .21 1205 18 18
' ron .02 .04 .07 .04 .03 .01 .02 o4
.12 .12 .12 .12 .13 .14 .11 .12
.015 .013 015 . | .015 ,015

Manganese

Coele .011
Zinc - - . 049 . 049 . 055 053 061 056

- ulfate ' , 6507
* &

<hloride
Jitrate
Ammonia

Total
Phosphorus

A
o
=T

Dissolved
Organic
Carpon

Dischargs at
- time of sample
C 0 (ml/min)

Total Volume over
composite (liters)

1. All parameters in mg/l except as follous.

; O
a. Temparature = C

b. Specific Conductance = ypho
¢. Nitrates and ammonia are mg/l as nitrogen, total phosphorus is mg/l as phosphorus

and dissolved organic carbon is mg/l as carbon.
2. All metal values are filterved, ualess otherwise specified.

Comp. = Composite 5. r = Analysis rerun, see 10-5-78 memorandum from Ser:

4. a = Value appears anomalous 114 b = reanalysis

(o3
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Comments i
4. Rain 1.38" [from 0600 |- 14060 on| 7-7, 0,15" from 1i00 on
7

-8 to 0200 on 7-9

5. Portion of

hydrograph
6. Gher Isco #4 } Isco {5 Isco #6 | Isco #7 {Isco #& |Isco #9 |Isco K10 | lsco %11
Filtered] Filtered { Filtered Filtered|Filteved|Filtered {Filtered | Filtered
7-10 7-10 7-10 7-10 7-10 7-10 7-10 7-10
1330 1330 1330 15390 1530 1530 1530 1530
Lack of
H 0
’




Lot i 7.8 7-8 Po7-8 738 7-9 713 $-4 0 8.15
5?Wﬂi¢ DA Grab Grab | Grab Crab~ Grab Grab Grab Comp.
e P 0900 1600 2000 2300 0100 1130 1010 | 8-14 to
0930 on
8-15
{
!
?
39
nij 7.3 7.48 7.55 7.40 7.55 7.65 8.00 7.80
Termperature 22 21
Specifi:z : :
Conducrance 1425 1600 1650 | . .L700 1550 1100 1275
Calcium 303 g67,177b 302 213)222b 300 273 191 201
Magnesium 20 16 21 21 20 18 13 19
Sod i ' 153 121 155 152 149 153 115 158
Potassium 49 37 48 42 46 44 43~ 39
Copper 012 .01 .012 .02 .009 .012 .020 .02
Nickel . 255 212 . 255 .26 .240 - .208 .24
Iron .01 .01 .02 .02 .02 .02 .02 .02
rlanganese .16 L 12,.16b .18 16 | .16 .14 .14 .15
Cobalt .019 030 .019 .03 .017 .015 .010 .01b
‘iinc o 063 .06 . 064 .07 | .0052 L0042 .052_ 07 |
Sultfate 950 950% 850 660 300
Chlorids 8 7 7 3 6
Nitrate 2.2 1.2 1.2
Ammonia 0.90 «<0.08 1.2
Total .
Phosphorus <0.1 <0.n <0.1 < 0.1 <0,1
Dissolved
Crganic
Carpon
Discharge at
time of sample 95
(ml/min) .
Total Velwne over
composite (liters)

=
=

All parameters in mg/l except as follows.

Temperaturs = °c

Specific Conductance = umho

Nitrates end ammonia are mg/l as nitrogen, total phosphorus is mg/l as phesphor:
and dissolved orzanic carbon is m2/1 as carhon.

2. Adll metal values are filtered, unless otherwise specified.

OO W

3. Comm. = Composite 5. 1 = Analysis rerun, se2 10-5-78 memorandun from Serco.
4. a = Value appears anomalou: b = reanalysis

. R e e e e e o e



Comments

4, Rain 1.38" from 0600 -11400 on [-7, 0.15Y 0.77" Last L60" from
from L1P0 on 7-8 to 0200 on 7-9 from rain 2030-2400
1400-1600} 8-1 on 8-14;
and 2000-{0.95" 20" From
23500 on 0001-0100.
7-12 1000-1150
“Jlen 8-13

. Tail of Tail of | Comp. aver
5. Portion of .

, o.77" 0.95" rain
hydrograph $-14,15
6. Other Isco #1% Isco #19|Isco #23]Isco #26|lsco #28
Filtered{Filtered |Filtered|Filtered {Filtered
7-10 7-11 7-11 7-11 7-11
1530 1520 1520 1515 1515

*Mean of duplicate gamples.’

117




§-10 §-17 Poge1s 5-21 8§25 8-25 3-25 3-25
e Comp. Comp. Comp. Coup. Comn. Como. Comp. Comp.
Start off 1435 on 0300 on | 1500 on D830 on |03U0U on 1415 on 1925 on
‘ . - 4 -
irain to | S-16 to S-17 to] §-18 to |8-21 to |8-23 to 3-23 to |3-23 to
1455 on | 0300 on L1500 on | G330 on {0800 on {1410 on {1925 on [J335 on
8-16 8-17 8-18 8-21 323 5~25 S-23 $-25
Paranetars !
I i
Alkalinity 28 29 56 29 30 51 33
pH .50 7.29 7.60 7.75 7.65 7.05 7.70 7.55
Temperature 25 23
peciiic - z 23 75
Speciiic 825 1175 1850 2050 | 1400 1000 1250 1750
Concuctancs
Calciun 118 555 219 271 155 111 147 216
Magnesium 11 41 21 27 16 11 18 21
Socium 60 | 158 110 142 102 7 85 113
Potassium 26 12 472 50 Sl 3 36 )
Copper .02 .03 .02 .08 .02 .02 .02 .02
Nickel .13 .20 .24 .32 .18 il .14 24 ;
TIron .03 .04 .02 e L0l .01 .04 .01
Manganese .09 .12 .16 .20 11 .03 .10 14
Tobalt ~ .02 .02 .04 042 | .03 .02 .02 .05
Zinc .03 05 07 100 1 s 0z 03 06
Y L - San 7 - - / 2
Sultfate 6109;‘ 1000 800 700 500 610 300
Chloride 1 13 3 3 1 3 2
Nitrate 1.2 2.2 1.4 1.5 1.3 1.4 1.4
Ammonia - - - 0.95 1.2 - 1.0
Total
Phosvhorus <=0.1 = 0.1 < 0.1 <0.1 < 0.1 <0.1 < 0.1
Dissolved
Organic
Carpon 1
Discharge at
time of sarmle
(ml/min)
Total Volume over
composite (liters)
1. A1l parameters in mg/l except as folldus. »
laad 4. O"
a. Temperoture = C
b. Specific Conductance = umho 4 ‘
c. Nitrates and armmonia are mg/l as nitrogen, total phosphorus is mg/l as rhosphorus
and dissolved organic carbon is mg/l as carbon,
2. ALl metal values. are filtered, unless otherwise specirfied.
5. Comp. = Composite
4. a = Value appears uncmalous b = reanalysis

118



Cownents
4,  Rain 128" {Last rainl0.23" Last ralrt 60" from 2000-2100 on Last rain
0400- S-16 1.28}" 0001~ 3-18 8-22 0 1.15" from QOUl - L.75"
0800 0400~ 0100 0.23" 1100 on 8-23 2000 on
.00'" on {0800 0001~ 3-22 to
3-14 0100 1100 on
.26" on 3-25
8-15
S. Portion of Ceump. Tail of |Tail of Low Before Peak After |Tail of
hydrograph over 1.28" 1.28" Flow peak peak L.73" rain
rain 8-1¢G rain rain;
Comp.
over
rain
§-18
6. Other

119



§-235 1 931+ 9-1% 9-173 9-153 l

T Coinpy .+ Comp. ‘ arab Urao Cump .
o NE35 on [9-10 i< 1109 1180 9-10

Q~7b to (US55 on raln to
P LS on 9-11 : 1100 on
5-23 G9-13

fjrxia::::

Alkalinizy 41.8 35 54 54

pH 7.55 7.30 7.40 7.4 6.9

Tempzrature 12 12

Spacific 2350 2300 1875 1875 1200

Conductance

Calciun : 280 256 226 226 123

dMagnesium 29 26 21 2 11 \

Sodium 187 219 120 119 &3

Potassium 60 59 51 52 30

Copver _ .03 03 03 03 .01

Nickel .34 .34 .25 .25 .13

Iron .02 .06 .08 .03 .06

tlanganese .19 .20 .16 .16 .09

Cobalt .04 .05 .05 .04 .01

Zinc S .10 .08 .06 .07 .03

Sulfate 1250 1200 1070 633

Chlorice 2 10 2 3

Nitrats 2.4 - 1.4 -

Amnonia - - <0.08 -

Total < (.1 << 0.1 =< 0.1 < 0.1

Phosphorus

Dissolved

Organic

Caroon

Discharge at
time or sample
(mi/min)

Total Volume over
composite (liters)

E

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

a. Temperature = °c

b. qp&CLxlC Conductance = umho

Cc. Nitrates and amnonia are mg/l as nitrogen, total phosghorus is mg/l a
and dissolved organic carbon is mg/l as carbon.

ALl metal values are filtered, wiless otherwise spacified.

hosphor.

18

3

G
r

[}

5. Comp. = Composite

120



FL-

Date

[ ey
J\U“'I) L

tpe

Time

U

x®

Rain

Portion of
Hydrograph

Other

§-28
Comp.
0535 on
6-25 to
U815 on

8-28

Last rair
§-27
0.20"
1200~
1400

Comp.
over
rain §-
27

9-11
Comp .
9-10 to
0855 on

9-11

~1.00"
from 1200
-1530 on
9-10

Comp. ovey
rain 9-10

9-13
grab

1100

12 2.4

r~1.00"
9-10

~L 51 G
9-11

a0, 15" 05
9-12

Tail of
2.46"
rain

Total

Mean of duplicate samples

Metals

121

Last rain 9-10,11,

! ornh
]

o' total
PZOO—ISSO

550-1.200

00-1000

Comp .
DVer rain
9-10,11,
12

Took 150
mls of
each of
5 comp.
and added
together
9-10 to
9-11 08535
9-11 0835
9-11 1145
9-11 1145
9-13 1100

9-13

Comp.
9-10
r1in to
1100 on
9-13

filterad
metals

to

to




[ Table XXIV bater Qnality D:;ltﬁﬂ_, FL5, 1975

Late 4-26 5-25 0-10 7-53 7-15 7-19 a-2 3-2

Swanle tyoz orab Conp . grab orinh Camn. Comp. Comp. Comp .

Tinwe : 1115 (300 1150 on {0900 on 81 0900 on
7-12 to 7-18 to |1700.. to] 3-2 to
U850 on | L0 on {0900 on | 1430 on
7-15 7-14 8-2 8-2

Paranztecrs

Alkalinicy

pH 7.20 7.6 7.5 7.05 7.22 7.40 6.95 7.05

Temparature 6.0 15 15 20 22

Specific 1750 2500 3500 2950 2050 1830 1600

Conductance

Calcium 190 279 366 325 3570 [s65,596° | 264 288

Magnesium 11 21 26 29 27 29 19 21

Sodiim 153 . 273 336 231 2438 Z45 139 150

Potassitm 6 10 15 13 14 16 14 12

Copper 020 | .o021 044 VLI ENCEO I TS | 25 28

Nickel .445 .780 835 | 5.100 6.7b | 1.3 9.22°  j11.34"

Iron .178 .02 .03 .02 U .02 .04 .05

Manganese .27 .89 1.40 1.29 1.67 2.40 1.94 2.22

Cobalt 045 136 160 1195 81 | 1.9,2.4211.22,1.07H1.59,1. 28"

Finc .096 174 .257 .230 .396 37y 120

Sulfate ' 1800 1500 | 1300 700 | 830

Chloride : 78 50 59 25 25

Nitrate 39 53 13 30

Ammonia 13’ 12 4.6 6.3

Total <0.1 41«01

Phoszhnorus < 0.1

Dissolved

Organic

Carpon [

Discharge at trickle 192 370

time of sample

(ml/min)

Total Volume over

composite (liters)

1. All parameters in mg/l except as follds.

jopg}

(@]

Temperature =
Speciric Conductance = ypho
Nitrates and ammonia are mg/l as nitrogen, total phosphorus is mg/l as phosphor.

Q-
L

and dissolvad orzanic carbon is mg/l as carbon.
2. ALl metal values ave filterad, unless otherwise specifiad.

5. Comp. = Composite

a =

Value appears anoaalous

122

b

reanalysis



Duito i 4-20 5-25 6-106 7-5 7-15 7-1¢ 3-2 5-2
Sample tyme grab Comp. Qran arab Con Comp Comm oo,
ive 1115 N LIo0 on{ 0900 on | 8-1 CO0l on
7-12 to | 7-18 to | 1700 top 3-2 to
0350 on} 1400 on | 0%V cn| 1430 on
7-13 7-19 S-2 3-2
4. Rain \ 0.29" |Last vain Last vaing 0.77"  [0.51" fron Last rain Last rTain
i 6-10 T-1,7-2 ) from O00L-0200] 3-1 3-1
0.10" |1.36" 1100-1€00) on 7-18;]0.95" 0.33"
2300240011400 on padd 20004 0.24" on
7-1 to 2300 on | 7-19
1100 on 7-12 1400
7-2 ]
5. Portion of Comp. over|Low flow|Tail of | Peak Tail of |Comp. Tail of
hydrcgraph Tain 1.56" 1.51"rarjover rai: 0.953" ral
5-25 Tain on 7-18; {8-1
First of
the presgnt
drip
CCmpositdrs”
6. Other



a =

Value appears anomalous

(124)

= reanalysis

S-4 1 8-100 & 8-16 Beln 8-16 §-17 3-18 | 8-23
tpe grab arab® | orab® arab vrab GTiaD aTan Comp.
| 1000 1320 0945 1550 1700 0815 1500 | L100 on
| 5-17 to
U910 on
3-25
Pacaneters
Alkalinity i 6 10 5 4
TH 6.30 5.50 6.10 5.80 5.80 5.25 4.85 4.45
Temparature 22 22 15 272 16 16
Specific 2350 4000 1150 1730 1575 2109 5100 1750
Conductance
. {
Calcium 483 636 202 264 270 400° 550, 200
Maonesium 32 47 20 27 31 400 4d 23
Sodium 233 338 97 111 106 1782 354 112
Potassium 17 20 9 11 9 33 S 9
5} - - - -
Copper 7}~]3b 1 28b .584 1.30 1.59 2.53 2.98 1.10
- - . o -b - - -
Nickel 3.23 3.31 15.26° | 24.07 23.05° 40.38b 42,21 | 15.98
Iron .05 .12 3.38 9.75 10.78 11.54 5.28 .26°
Manganese 3.32 4.29 2.18 3.15 5.85 5.14 5.87 4.58
Cobalt 1.77,1.941.96,2.43% 2.63 4.05 4,69 6.73 7.22 2.86
% - 18 B 7 5 B
iinc L774 11.18,1.257 42 .66 .79 1.24 1.45 .59
Sulfate 1400 2000 900 800 820 800 1400
Chloride 44 52 19 20 27 54 17
Nitrate 85 - 38 41 55 67 55
Armonia 7.5 8.5 4.0 - - - 4.0
Total < 0.1 | =<0.1 <0.1 < 0.1 < 0.1 <0.1 < 0.1
Phospnorus
Dissolvad
Organic
Carbon 7 !
Discharge at 333 147 11,356 | 5785 2704 1714% 498.
time of sample )
(ml./min)
Total Volume over
composite (liters)
1. All parameters in mg/l except as follds.
a. Temperature = °c
b. Specific Conductance = umho
c. Nitrates end ammonia are mg/l as nitrozen, total phosphorus is mg/l as phospror:
and dissolved organic caroon is mao/l as carbon,
2. ALl metal values are filtersc, unless otherwise specified.
3. Comp. = Composite . ) o
“mean of duplicate samples Backwater suspected



FL-5

Date i 8- S-10 S-16 8-106 85-10

S-17 5-18 8-23
Siurple type grab arab® orab® | orab arab arab arab Comm.
s Tie 1IN0 on g-
' [ite}
U910 on 5-
4. Rain Last rainflast rain| 1.23" from 0400-0B00 on Last rairy 0.23" .23 on 3-.
.8-1 8-1 3-16 alio: 0.60" from 3-16 2001-01230001-0100
0.95" 0.95" 2030-24U0 on S-14 1.238" 00" on 3-.
0.15" on 0.26" fiom OOO].—QIOO and | 0400-080¢ ZOCQ-EMJQ
) 1000-01J0 and 100D-1130 1.13" on 3
§-10 D001-1100
-1100- -
1200
5. Portion of Tai1l of {Low flow | Peak After After Tail of | Tail of | Retfore
hydrograph 0.95" ‘ peak peak 1.28" 0.25" peak
: rain rain .| rain
6. Other
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roa
| S8 T

1. All parameters in mg/l except as foll

a. Temperature =
b. Specific Conductance =

(O3
G

untho

Late 3-25 $-25 9-28 11 u-12 9-13
Samplie Dipe Comp . Comp. Coiip . grab Comp . LTab
Tine § 0910 o1l 1930 on 0535 on 1145 Q“Ju on 1100

; | 5-23 tols-23 to 3-25 to f-11 to

' 1930 on 1US35 on |0SLS on 1455 ¢

f'ZS 8-25 §-28 b-12

Parainztars

Alkalinivcy

pH 4,00 3,90 4,25 4.89 3.50 3.62
Temperature 21 17 13
Specific 1800 2800 3250 1475 2650 3250
Conauctance

Lalciua 207 | 344 395 | 140 260 512
Hagnesium 26 42 50 20 50 65
Sodivm 102 177 220 79 133 183
Potassiun 11 15 18 9 17 21
Copper 1.80 3.15 3.95 1.31 7.28 10.30
Nickal 24.5 39.40 43.00 {1S.00 67.00 23.00
Iron 7.75 | 2.78 2.38 75 24.00P 25.04
banganese 5.40 5.40 6.47 2.90 1J.0u 15.4dv
Cobalt ~ 3.94 6.36 7.76 1.51 4.88 6.17
¥inc .66 1.18 1.49 .56 1.75 2.46
Sulfate 700 1200 1500 700 1550 18600
Cnlorida 16 22 30 8 9 15
Nitrate 34 54 64 - - 46
Ammonia - 8.% - - - 6.1
Total < (0.1 < 0,1 < 0,1 0.2 < 0.1

Phoschorus

Dissolve

Organic

ggrbon

Dischargs at 8801°¢ 721
time of sample

(nl/min)

Total Volume over

composite (liters)

¢. Nitrates and ammonia ave @g/l as nitrogen, total phosphorus is mg/1 as phosphon
and dissolved organic carbon is mg/l as carbon.

[

5. Comp. = Composite

All metal values are fil

4.

(126)

?‘D‘v’ﬂd

[P Qe

a = Value

c Average value
0045

interval

unless otnarwise specified.
appears ancmalous

b = veznalysis

computed froin clow meter readings over tic
1545




Date ' §-23 §-25 §-28 9-11 9-12 9-15 915
Sanpic tipe Comn. Comp . Cemp. crab Lomp . aran oTad
" lne JULO on 1830 onn 085S on 1145 L2080 on| 1100 1109
5-23 to [53-25 to [3-25 to 9-11 to
1930 on {03535 on 0315 on 1455 on
3-25 5-25 5-28 9-12
4. Rain 25" on {Last rain|last raiﬁ 1.51"  |Last rain 9-19,11,12
8-18 8-22,25 8-27 0530-12001 z.40" topgal
0001-0104 1.758" 0.20", [ Ad=o: 1.00"™ 1200-1530({5-10
00" on 2000 on  |1200-1400; 1' from | 1.31'" 03830-1200]9-11
3-22 8-22 to 1200-1530] 0.15" pP300-1000(9-12
2000-2400 1100 on 9-10
1.15" on| 8-23
3-23 .
0001-110C
5. Portion of Peak and | Tail of |Comp. Before | Peak and|Tail of |[Tail of
hydrograph after 1.75" rainjover rain| Peak after 2.4o" 2.40"
peak 8.27 peak rain rain
6. Other : Total Filtered
-z rnetals metals
. Split with
Amax



[tblg‘“\l\” bater Ouality Dot “,WL‘_P_WVQJM

=260 1 525§ 6-10 7-5 7-13 710 §-2 9-d

grab comp. arab arab Cerp . Comn. Cero. arab
T 1120 SRS U5 enilaso on | Start of] 0930

i 7-12 to|"-11 o rain o
0330 on DY00 an 1455 on
7-13 T-19 3-2
cd 7.25 7.25 7.12 7o 7.49 S.1 770 7.75
Temperature 4.0 15.0 12 13 25 22
Specitic > 5000 8860 1610 3700 2600 4150
Concuctance
Calcium 478 840 1028 4550 794 540 258 451
Magnesium 139 152 206 1410 124 93 61 120
Sodium 535 862 1106 4917 685 508 2560
. . b

Potassium 12 18 22 17 16 12 9 12
Copper .088 121 258 .060 118 n92 .06 11,.138
Nickel .540 .740 665 |.65,.820 | 1.03% |1.0,.720| .63 .95
Iron .28 .12 .12 .02 .03 U2 .05 .04
l‘.ﬂlganese .60 1.14 1.64 .70 95 .73 .62 O-{»
Cobalt ) .030 062 .059 .051 067 .052 .035 17,/11
Tinc .022 .003 0332 | .006 014 .006 .029 030
Sulfate 2000 1450 1500 950 1700
Chloridse 420 607 512 189 320
Nitrate 100 180 43 210
Armonia 100 24 70 100
Total <(.1 1.9 0.1 0.1
Phosphorus
Dissolved
Crganic
Caroon
Discharge at Trickle 135 223 287
time of sample
(ml/min)
Total Volume over
composite (liters)

1. ALl parameters in mg/l except as folldws

a.

o

Cc.

2. All

3. Corp.
4. a = Value appsars anomilous

Temperature = OC

Specific Conductance =

and dissolved orzanic

metal values

= Corposite

are filtered,

umho
Nitrates and ammonia are mg/l

as ﬂlt
carbon i5 ng/l
unl2ss ot

1
ne

b::

128

reanalysis

rogen, total phospnora
as yalbon
Twise specified

5 1s mg/l as phosphor:



FL-6

ate

tnple type
tlme

4. Rain

5. Portion of
Hydrograph

6. Other

20

!
grab

- IComp .

Comp .

0.29"

over)
rain
5-25

6-16
arab

1120

Last rain
6-10
0.10"
25002400

Low flow

7-5
arab
0500

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

Tail of
1.36"
rain

7-15
Com .
1145 on
7-12 to
0830 on

7-15

0.77
from
L400-L600
and 2000-
2300 on
7-12

Peak

7-19

Comrp.
1530 on
-1 to
000 on
- 19

1.51
from 0001
0200 on
7-18;
0.24" on
7-19
(time un+
known )

Beftore
peak and
peak

T

5-2
Comp .
start o
Taln to

1435 on

8-2

Last rain
3-1
0.95"

Comp.

over raif

5-1

1

Last rain
5-1

0.95"

Tail of
0.95' 7a°



1. A1l parameters in mg/l except as follows.

. , 0-
a. Temperature = C
b. Specitfic Conductance =
C. Nitrates
113

unno

and dissolved ergzapnic carbon is mz/l as carbon.
2.0 A metal valuss are [iltered, unless otherwise specified.

5. Cemp. = Composite

130

5 and angmonia are mg/l as nitrogen, total phosphorus is mz/l as phosph

$-10 1 8-16 §-16 8-17 8-25 ] 8-25 §-23 9-13
§ 1
[ Grab Gran Comp. Como. Comp , Comg Grab Grab
; 1515 1000 Start 1440 on 1405 on {1955 on {0340 on 1600
' of rain -1 to |{3-17 to '8-23 to |5-25 to
f to 1401 1405 on {1935 on {0840 on 5315 on
! on 8-16| §-17 8-23 3-25 3-238
i
. §
,t N 5 !
- . i
Alkaiinis 47 40 16 50 40 57 25
pH 7.55 7.85 7.71 7.52 /.55 7.4 7.85 7.1
Temperazurs 24 22 25 13
Specizi:z
Concuetanca 6840 2200 2250 4600 4320 4759 5290 | 3400
Calcium 748 231 269 3996 568 373 481 367
rHagnasium 178 70 78 46 112 119 135 125
Sodium 700 | 236 278 200 396 4352 681 3935
Potassium 22 6 6 14 12 12 15 14
Copper 17 .09 10 .13 .13 .15 18 .28
Nickel 1.453 .87 1.00 1.48 1.54 1.70 2.15 2.25
Iron .15 .03 .08 .05 .05 .07 .07 .06
tHanganesa 1.68 .75 89 1.38 1.40 1.53 1.82 2.12
Cobalt ) .28 .14 .18 .27 24 27 .59 21
Zinc ) .050 .03 .03 .05 .05 .03 .07 .12
Sulfate 2400 1000 1700 1600 1800 2150 2050
Cnlorids 600 150 190 280 220 390 188
Nitrats - 140 120 170 140 230 -
Ammonia 160 - - - 98 - -
Total
PhosphoTus < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 0.1
Dissolvead
Organic
Carnon
‘Dischargs at
time of sample
(ml/min) 77 28390 667
} at
Total Volume over @ 1135)
composite (liters)

~

i



Comnenss ' ‘
M. fain Last boa2st 1.28n Last Last Last Last Last rain
rain 0400~ 04J0- Tain rain rain rain 9-10,11,12
‘ §-1 0500 9300 8-19 5-22, 3-22, 5-27 2.46" total
. 0.95" .60 on .60 on 1.23" 8523 3-23 0.20" o0t 1200 -
0.13" oy §- 1« 5-14 0409+ 1.75" 1.75" 1200- 1530 9-10
S-10 .26 on |.26" on 0800 2000 2000 on | 1400 L. 310 0R30 -~
1100~ 8-15 5-15 on 8-221 3-22 to 1200 9-11
1200 to 1100 on 2151 0300~
1109 on | &-23 1000 9-12
8§-25
5. Portion of
hydrograph Low Peak Comp. Tail of | Comp. Tail of| Comp. |Tail of
flow ovexr 1.2g" over 1.75" over .486" rain
Tain rain Tain rain rain
8-16 18-22, 8-27
. §-23
6. Other .

151



Lo O

huto | 9-13
Sanple type Comp.
T e 910
| rain
to
1155 on
9-13
Paramaters
Alkalinity 26
pH 7.21

Temperature

Specific

Conductance

CalCiLUﬂ 408
iagnesium 115
Sodium 498
Potassium 14
Copper .29
Nickel 2.42
Iron .04
Manganese 2.16
Cobalt ' .23
TR - L12
Zinc :
Sulfate 2100
Chloride 360
Nitrate -
Anqnonia -
Total 0.1
Phosphorus '
Dissolved

Organic

Carbon

Discharge at
time of sample
(ml/min)

Total Volune over
composite (liters)

1. All parameters in mg/1l except as follows.

a. Temperature = °c

b. Specific Conductance = umho

c. Nitrates and wmonia are ng/l as nitrogen, total phosphorus 1s g/l as phosphor:
and dissolved organic carbon i3 mg/l as carbon.

2. A1l metal values are filteved, unless otherwise specified.

[92)

Comp. = Composite
132



Lonments :

4. Rain Last
rain
9-10,11
12 2.406"
total
#] . 00"
1200-
1530
9-~-10
1. 31"
0830-
1200
9-11
ﬁ,f' lSIY
0300~
1000
9-12

5. Portion of

hydrograph Comp. over
rain
9-10,11,
9-12

6. Other

133




Appendix IV

COMPUTATION OF THE PERCENT QF METALS TUAT ARE RETAINED IN THE TEST PILES:

Assumptions: S04 is completely mobile and it is a measure of the total amount

of sulfide dissolution that has occured. The goal is to compute the total

sulrtide dissolution rate and based on the percent of each metal sulfide in the
pile, calculate 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 FL1 are used. Chemical data from Amax, as well as detailed
chemical information from the regional copper nickel study are available (Tableé I
and I1I).

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 unusually

high values.

It is assumed that all iron in solution comes from the sulfide minerals (Iron
exists in the silicate minerals as well).

The calculations are shown in Table XXVI. The first column is the composition

of the rock as given in Table I1I. The second column (Mole % of s) gives the
distribution of each metal sulfide, i.e. 6.08 percent of the total sulfides contain
niékel. Values in Column IIJ were calculated by assuming all the sulfides are
present as simple sulfides, i.e. NiS, CuS etc.and the amount of dissolution that

would occur to yield a S04 concentration of 1000 mg/l was calculated.
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Table XXVI §alculation of Metals Retained in Test Pile

% determined
from sample

Parameter Ax 9001
SMSO4 .H655
Ni 073
Cu . 306
Zn .016
Co .009
Pe(s)* 697

*

Mole
% of S

100

. 750

61.3

Concentration
at base
1000 mg/1SOy

1000

37.2

156

8.18

4.60

356

Observed
Median

At Base Concentration
of 610 mg/1 mg/t
610 610
22.7 .288
95.2 .03
5.0 .013
2.8 .006
217 <.05

This is the iron that is in the sulfide minerals only, it does not

include the iron that is in the silicates.
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Appendix V Rainfall Data

Table XXVIT Aprit, 1978

PRECIPTITATTION AT MINMAMAX

' et ppt :
Date (Inches) Time of Rain Remarks
1 .00
2 .02
3 .20
4 .00
5 .00
6 A7
7 .Q0
N 8 .00
N 9 .31
. 10 .00
11 15
12 .00
13 .10
14 .00
15 .00
16 .00
17 .00
18 .00
19 .00
20 .00
21 .00
22 .00
23 .00
24 .03 ]
25 .00
26 .00
27 .00
28 .00
29 .00
30 .00

, From 4/1 - 5/72, rain was recorded from A.M. to A.M. with a standard rain
gauge; rain during weekends would be added to the HMonday rain figures.

From 5/2 on, all times midnight to midnight.
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Table XXVITI

May, 1978

PRECIPITATION AT MIMMNAMAX

Net ppt :

Date (Inches) Time of Rain Remarks

1 .00

2 .00

3 .00

4 .00

5 .00

6 .00

7 .32 (0300-0815

g .00 ‘

9 .00

10 . .00

11 .00

12 .00

13 .00

14 .00

i5 .00

16 .00

17 .00

18 .00

19 .21 1830-2115

20 .00

21 .00

22 .00

23 .00

24 .29 0630-0730

25 .00

26 .25 0500-0600 Quantity is an estimate.
27 10 0800-0300 ‘ Quantity is an estimate.
28 1.92 0700-0830=1.86;1300-1400=. 06 0700-0830 is an estimate.
29 08 1215-1530

30 .20 1830-2400

21

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

11 times midnight to midnight.
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Table XXIX

June, 1978

PRECIPITATION AT MINMAMAX

Net ppt
Date (Inches) Time of Rain Remarks
1 .48 2400-0300=.30; 1815-1845=.{18
2 .02 Mot traceable on the recorder
3 .00
4 .00
5 .00
6 .75 1730-2400
7 21 0001-0900
8 .00
9 Trace
10 .10 2300-2400
11 .00
12 .00 -
13 .00
14 .00
15 .00
16 .00
17 .00
18 .00
19 .00
20 .00 -
2] .00
22 .00
23 .35 0745-1045=,29;1915-2000=, 0%
24 .00 ’
25 .06 1800-1830
26 11 1730-2030
27 .00
28 .13 1630-1500
29 .00
30 .00

From 5/2 on, all times midnight to midnight.
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Table XXX duly, 1978

PRECIPITATION AT MUINAMAX

| et ppt T
o Date (Inches) Time of Rain Remarks
| 1 12 1400-2400 s
2 1.24 0001-1100
e 3 .00
i 4 .00 L | | |
5 .00 £ o
6 .00 ‘
7 1.38 0600-1100=1.18"11200-1400=). 20" -
3 .09 2300 -2400 heavy
9 .06 2400-0200 1ight
10 .00 .
11 .00 0 -
12 77 1400-1600, 2000-2300
13 .00
14 .00 )
15 .00 '
16 .20 -
17 .00 -
18 1.5] midnight-0200, heavy
19 .24
20 | .00
21 01
22 .29 1500-1600
23 .00 ':TA,,_
24 26 o1
25 - .00 - _
26 .10 2100-2250 : 7
27 .00
28 BN 2000-2100
29 .00 o
30 .00
: 3] .00 :

From &/2 on, all times midnight to midnight.
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August, 1978

PRECIPITATION AT MINMAMAX

Net ppt
Date (Inches) Time of Rain Remarks
1 .95 4,
2 .00 '
3 .00
4 .00
5 .00
6 .00
7 .00
8 .00
9 .00 .-
10 .13 1100-1200 5
11 .00
12 13 0600-0630
13 .00
14 .60 2030-2400
15 .26 2400»0100, 1000-1130 2
16 1.28 0400-0800
17 .00
18 .23 2400-0100
19 .00
20 .00
21 .00
22 .60 2000-2400
23 1.15 0001-1100
24 .00
25 .00
26 .00
27 .20 1200-1400
28 .00
29 .00
30 .00
21 .00

From 5/2 on, all times midnight to midnight.
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Table XXXII

September, 1978

PRECIPITATION AT MINNAMAX

Net ppt
Date {Inches) Time of Rain Remarks
1 .00
2 .00
3 .00
4 .00
5 .00 fa
6 CES00 o
7 00
8 .00
9 .00
10 1.00 1200-1530 quantity is an estimate
11 1.31 0830-1200 quantity is an estimate
12 15 0300-1000 BUSIE R AT 8)1628)15 8% a6
13 .00 ' ' .
14 .53 0001-0600
15 .03 0810-1200
16 .00
17 .00
18 .09
19 .06 1700~1800
20 .00
21 .00
22 .00
23 .00
24 .Q0
25 .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 XXXITII

October, 1978

PRECIPITATION AT MINNAVAX

ety P

nat pnt '
Date (Inches) Time of Rain Remarks
1 05" 2300-2400
2 170 0001=0100=,02'""; 0200-040h=, 15"
3 .00
4 .00
5 .32 0400-1700, drizzle
6 .00 '
7 .00
8 .00
9 .00
10 .00
1] 04 1200-1300
12 .00
13 .00
14 .00
15 .40 0800-1100
16 .00
17 .00
18 .00
19 .00
20 0 .00
21 .00
22 .00
23 .00
24 .00
25 .00
26 .02 0800-~1200
27 .00
28 .05 0600-1030 quantity is an estimate
29 .00
30 .00
31 .00

From 5/2 on, all times midnight to midnight.
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Iﬁﬁiﬁwﬁﬁéil‘ MNovember, 1978

PRECIPITATION AT MINNAMAX

_ Net ppt .
Date (Inches) Time of Rain Remarks
1 .00
2 .00
3 .00
4 .00
5 .00
6 .00
7 .00
8 .00
9 .00
10 15 0630-1800 Snow: quantity is_an estimate
[N .00
12 .00

From 5/2 on, all times midnight to midnight.
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Appendix VI

Samples Used Tn Box Plot

Date 1 2 3 4 5 6
4-26 grab grab grab grab grab grab
6-16 grab at grab at grab at grab at grab at grab at
1025 1120 1205 0800 1115 1120
75 grab at grab at grab at grab from grab at grab at
0830 0830 0845 7-6 0800 0800
7-13 composite composite composite grab at composite conposite
from 1200 on 1155 on 7-12 from 1210 on 1130 on 1150 on 7-12 from 1145
7-12 to 0840 to 0840 on 7-12 to 0840 7-13 to 0830 on on 7-12 to
on 7-13 7-13 on 7-13 7-13 0830 on
7-13
7-18 composite composite composite no sample composite composite
from 1530 on 0810 on 7-18 1530 on 7-14 0900 on 7-18 1530 on
7-14 to 1400 to 1400 on to 1400 on to 1400 on 7-14 to
on 7-19 7-19 7-19 7-19 0900 on
7-19
8-2 conposite composite composite no sample composite composite
1700 on 8-1 1415 con 7-24 1800 on 8=-1 mean of
to 1515 on to 0930 on to 1515 on LW
8=-2 8=2 8-2 :=iples
. 32700 on
. to 0900
. 8=2
£=0900 on
6-2 to 1450
on 8-2
8-4 grab at grab at grab at grab at grab at grab at
1045 1030 1100 1010 1000 0930
8-16 grab at grab at grab at composite mean of grab at
1015 1010 1025 3 grabs, at 1000
0945, 1330
1700
8-23 composite composite composite combined composite composite
conmposite
1025 on 8-17 1000 on 8-17 1050 on 8-17 1-0830, 8-21 1100 8~-17 1405, 8-17
to 1945 on to 1940 on to 1955 on to 0800, 8-23 +to 0910, 8-23 to 1935,
8-23 8-23 8-23 2-0800, 8-23 8-23
to 1440, 8-23
9-13 grab at grab at grab at grab at grab at grab at
1020 1045 1030 1100 1100 1135
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Appendix VII

QUALITY ASSURANCE

Duplicate, Blank Samples, Intralaboratory Splits

Six percent of all the water quality samples were masked duplicates. The data
for the duplicate samples awxe given in Table XXXV. The results are summarized
in Table XXXVI.

Distilled deijonized 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.
Except for zinc, the agreement is satisfactory.

HYPALON TESTS

The contamination potential of the Hypalon liner 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 compositing pumps,

The results shown in Table XL indicate some low level zinc contamination.
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Duplicate Sauples

Table XXXV

146

Date 7-7 7-7 -8 7-8 3-28 6-28
Sample tipe grab grab orab grab Composite | Composite
P Sample No. 75 - 74 95 94 181 184
Tine 1900 1900 2300 2300 0835 on &25(to 0815 o0n 8§28
FL-4 FL-4 FL-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
Calcium 1729 127 211 212 287 274
Manesium 12 12 21 21 30 28
Sodium 93 90 152 153 180 194
Potassium 348 111 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




Duplicate Samples

(147)

Date 8-16 §-10 6-14 6-14 ;
Sample type grab grab grab grab ;
CSample nuwiber 135 158 14 15 3
Time 0945 0945 0745 0745 I
Site FL-5 FL-5 Fl-d FL-4
Parameters
AlKalinity
pH 6.10 6.10 7.60 7.60
Temperature 15 15 9.0 9.0
Specific
Conductance 1150 1150 2500 2500
Calcium 203 201 222 254
Magnesium 21 20 28 29
Sodium 98 96 256 267
Potassium 9 9 36 38
Copper .59 .57 .025 .023
Nickel 15.26 15.25 220 .219
Iron 3.44 3.31 .03 .05
Manganese 2.17 2.138 .21 .21
, Cobalt - . 2.01 2.65 .016 016
- Zinc 42 .42 130 125
Date 6-23 6-23 6-23 6-23 7-7 7-7
Sample type grab grab grab grab grab grab
Sample No. 31 52 41 42 56 57
Time 1540 1540 2100 2100 1200 1200
Site FL-4 FL-4 FL-4 FL-4 FL-4 FL-4
Parameters
ATkalinity
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 '
Calcium 232 214 215 217 126 125
Magnesiun 32 28 30 30 13 13
Sodiun 310 283 292 291 110 111
Potassium 44 40 41 44 576 638
) Copper .07 .024 .020 .019 .02 01
Nickel 330 .314 314 325 14 14
Iron .01 02 .01 0 .04 01
rlanganese .23 21 L2 .22 08 .03
Cobalt .027 025 022 021 .02 .03
Zinc L1069 L1534 L1353 .154 .04 .04




Duplicate Samples

P~

Date 8-24 824 913 9-13 © 84 8-4 $-10 8-10
Sample type Comp. Comp. Grab Grab " Grab Grab Grab C{ab
Sample # 166 168 191 1935 121 122 128 130
Time 11025 on §-17 to ; ) B

) 1945 on 8-23 1500 1500 1100 1100 1320 {320
Site FL-1 FL-1 IL-2 FL-2 % FL-3 FL-3 FL-5 FL-5
Bgrnmctggi i

Alkalinity 50 50 41 41 ; 7 7
pH 8.10 8.10 7.45 7.45 i 7.65 7.65 5.50 5.50
Temperaturc 15 15 22 22 22
Specifi

Cﬁigiﬁiince 2600 2600 1726 | 1725 950 950 4000 4000
Calcium 305 300 181 182 156 157 634 638
Magnesium 26 25 21 22 23 25 43 51
Sodium 2473 238 “139 . 137 88 88 336 339
Potassium 4] 39 30 29 26 26 20 21
Copper .04 .04 .10 .11 .08 .08 1.28 1.27
Nickel . .38 .35 .27 .25 .33 .32 3. 31 3.31
Iron .05 .06 .03 .02 01 .04 .15 .08
Manganese .14 .14 .16 .16 .16 .16 4,32 4,26
Cobalt .05 .02 © .03 .02 .023 .617 ©1.96 1.96
7inc - .02 .01 .06 .06 044 | .044 1184 1180
Sulfate '

Chiloride

Nitrate

Ammonia

Total

Phosphorus

Dissolved

Organic

Carbon

Discharge at

time of sample

(ml/min)

Total Volune over

composite (liters)

1. All parameters in mg/l except as follows,

-

a. Temperature = °c

b. Specific Conductance = umho

c. Nitrates and anmonia are mg/l as nitvogen, total phosphorus is mg/l as phosphort
and dissolved oreanic carbon is me/l as carbon.

ALl metal values arve filtered, unless otherwise specified.

5. Comp. = Compositc
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Table XXXVI QUALITY ASSURANCE SUMMARY

. Nz X
o error= () r X,) X 100%
2
Number of .
Parameter _Samples Median Maxinum Minimum
Ca . 12 .96 8.1 0
Mg 1 4.4 13.3 0
Na 12 2.1 9.8 0
X 12 5.1 19.2 0
Cu 12 2.9 66.6 0
Ni 12 3.05 22 0
Zn 12 0.17 66.6 0
Co | 12 3.0 200 0
Fe = 12 66.3 ZQO 0
Mn 12 0 10.5 ' 0
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Table XXXVIL

, Parameter ligh ma/1
Co .02
Cu 1.01
Ni 0
£ 0
Ca 31
Fe .01
K 3
Mg 10
Mn 0
Na 34
Co .02
Cu 0

_ Ni 0
AN 0
Ca .06
Fe 0
K 0
Mg .01
Mn 0
Na 0
15 Samples

BLANKS
Low mg/1 Hedian

0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0

Blanks without #172

0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0

2.07
. 001
.200

.667

Mean

7.75

.002



Table XXXVITI INTRALABURATORY QUALITY ASSURANCE
vg/ 1 g/ 1

Date Co Cu Ni £n Ca Fe K Mg Mn Na
Eml

9/11 DNR 20 10 550 910 91 .03 5 72 .04 44
Eml
Serco 1 8.0 450 23 118 05 4.1 81 .03 44
Eml
Erie

% Diff. Sero .

DNR +100 20 18 +100 26 40 18 11 25 0
FLS

9/13 DNR 6170 10300 83000 2460 312 23 21 65 13 183
FL5 . ,
Serco 7500 9500 73000 2480 280 20 20 76 12 200

% Diff. 18 7.7 6.0 .81 18 13 4.8 14 7.7 8.5

FL4

7/13 . Serco 12 15 150 64 .12
FL4
DNR 15 12 4 .14

% Diff. 20 20 100+ 14



Table XXXIX HYPALOH_COHTAMIHATION TESTS

Parameters
Calcium <.02 <.,02 .70
Magnesium <.01 <.01 .71
Sodium <.01 <.01 .94
Potassium ‘ <.0 <., 01 .07
Copper <.01 <01 .01
Nickel <.02 < .02 02
Iron <.02 | <.02 .02
Manganese <.02 <.02 .02
Cobalt <.01 <.01 .01
Zinc <.01 <.01 .02
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Table XL _ PUMP_CONTATUATION TEST
September 29, 1975

L FL2 FL3 FLS FL6 | Blank*
Parameters
Calcium <.02 <.,02 <.02 <.02 <.02 <.02
Magnesium <.01 <.01 <.01 <.01 <., 01 <.01
Sodium <.01 <.01 <.01 .| <.01 <.0l <.01
Potassium <.0l <.01 <.01 <.01 <.01 .01
Copper .02 .02 <.01 <.01 <.01 <.01
Nicke] <.02  |<.02 <.02 <.02 <.02 <.0]
Iron <.02 <.02 <.02 .10 <.02 <.02
Manganese <.02 <.02 <.02 <.02 <.02 <.02 .
Cobalt 1 <.010 <.010 <.01 <.01 <.01 < .01
Zinc - .01 .02 .02 .02 .02 .01

*Distilled, deionized water

All values in mg/1
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Appendix VIl

Timeline

APRIL

MAY

JUNE

JULY

AUGUST

SEPTEMBER

0CTOBER

NOVEMBER

DECEMBER

1978 SAMPLING SEASCM ~ GENERAL EVENTS

=11

22
F23
-27
.28

- 7
11

=11

sy e

110

ATl leach piles unfrozen

FL-2, 3, and S covered with soil

Fertilized soil-coverad leach piles
Intensive leachate sampling of FlL-4, .66 cm (.26") rain

Seeded soil-cover=d leach piles
Mulch applied to soil-coverad leach piles

Intensive leachate sampling of FL-4, 3.89 cm (1.53") rain
Compositing Drip Samplers installed

Pressurized Flow Meter/Recarder/Compositor (Flew Proportional
Sampler) Installed at FL-4

Flow proportional sampler installed at FlLe'1,2,3, and ’

Freeze-up

154



4720777
9/10/77
9/30/77

4/18/78
4/26/73
 5/02/78

5/11/78
5/24/78
5/25/73
6/13/78

6/22/78
6/23/78

6/27/73
6/23/78
7/07/78

7/11/78
7/14778
8/11/78

8/18/78
9/21/78
11/03/78
11/10/78
11/14/73

1977 - 1978
BETAILED EVENTS

FL-1, 2, 3, anq 4 Constructed.
FL-5 Constructéd,

FL-6 Constructed

A11 pites unfrozen.

First Sampling, 1978

Recording rain gauge started.

FL-3, 5, and 2 covered with soil.

Flow meters attached to pipelines.
Hand-made flow weighted composite FL-4.

Lowered FL-1 discharge p1oe and adjusted flow meters to have
more hydraulic head.

Fertilized soil-covered piles with 16,000 g/pile.

Intensive sampling FL-4 .89 cm (.35 inches) rain, also hydro-
grapn obtained from FL-T.

Soil-covered piles seeded.
Soil-covered piles mulched.

Intensive sampling FL-4 3.88 cm (1.53 inches) rain, also hydro-
graphs from FL-1, 2, 3, 4, 5, and 6.

Compositing drip samplers installed.
Filter screens placed above all flow meters.

Pressurized flow meter and f]ov Proportional Sampler
Samplars) attached te FL-4; also Rustrack recorder attached

Pipe between F1-3 and FL-1 lowered.

First hard frosts.

Flow Proportional Sampler installed at FL-1,2,5, and 7
First snow.

Heat tapes put on drains of piles.
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Appendix IX

Reanalysis of Anomalous Values
Certain values in the original water quality data appeared anomalous. The
anomalous values were reanalyzed, if a sufficient amount of the sample remained.

The results of the resnalysis (performed in December) are given in Table XLI.
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Fl 1

Table  NiT

Repnalwsds.

Para- original e run I
Sample # Date meter  jvalue m (L/.” L 5 value mg/ i 3
95 7-11 Ca 419 303 i
;
Cu 024 | 06 i
Ni 405 37 ?
Co 022 03 i
|
Zn 074 .01 !
129 8-10 Co .06 .03 i
;
147 8-16 Co .06 .02 i
166 8-24 Co .04 .04 !
168 8-24 Co .04 .04 3
173 8-25 Co .05 .03 !
180 8-28 Co .06 .07
FL 2
101 7-13 7n .008 .09 '
108 7-19 Ni 20.5 24
Co .019 .01
112 8-2 Co 40 .01
7n . 055 .05
137 8-16 Cu .14 .17
Co 0 .01
143 8-16 Cu .12 .14
150 8-16 Cu .13 .14
169 8-24 Cu 13 .15
183 8-20 Co .05 .04
Zn .09 .09
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FL 3

Date Para- original rerun
meter . Lvalue me/N mo/l
- 3 4«26 Ni 0 06
Fe 7 i B
48 7-5 Cu 1.0 20
Ni 282 36
Fe 0 £.02 )
110 7-19 Cu .074 11
Ni . 140 .33
131 8-10 Cu .05 .07
Ni .56 .57
139 8-16 Cu .11 .12 “jv
Ni .20 .18 i
; 142 8-16 Cu 11 13 g
Ni 24 .17 ’
149 8-16 Cu .10 .13 i
Ni 23 .22
167 8-24 Co 0 £.02 ]
FL 4
44 6-23 Ni .116 36 .
Fe 0 .01
52 7-6 Na 190 173
60> 7-7 Ca 118 242
Mg 12 S
Na 103 220
X 225 43
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FL 4  (cont.) o
) Para- original rerun
bate metern value mg/Y  mg/l
|
61 7-7 K 135 42 }
62 7-7 K 1393 20
63 7-7 K 348 29
no
64 7-7 K 1363 sample |left
65 7-7 K 356 29
66 7-7 K 278 33
no |
1100 7-7 K 268 sample I
58 7-7 K 295 22 1
Na 243 88 }
Mg 27 10 ?
Ca 233 115 !
68 7-7 K 148 20
70 7-7 K 95 22
71 7-7 K 2438 24
73 7-7 4 230 29 |
74 7-7 24
77 7-7 K 289 28
Co 0 2,01
90 7-8 Ca 168 175
Mg 17 16
Co 0 .04
91 7-8 Ca 167 177
Mn .12 16
Co 0 .03
93 7-8 Ca 212 222
(159)




J

4

(cont.,)

Para- Original | rerun “W
sample f Date meter !
135 5-15 Co .03 .01 i
156 8-21 Co 06 .04 L

Zn 1.0 .10 l

1

Fe .46 missed

"L S ‘
49 7-5 Cu .90 14

103 7-13 Ca 533 357 !

|

Ni 12.50 6.70 |

|

Co 1.1 .81 |
128 7-19 Ca 565 596

Co 1.9 2.42

n 396 1.24 i

Ni 22.5 missed |
113 8-2 Ni 2.88 9.22

Co 1.22 1.07
114 8-2 Ni 3,02 11.34 |

Co 1.39 1.28
124 8-4 Cu .7 .13

Ni 3,23 3.23

Co 1.77 1.94

128 8-10 Ni 3.531 3.31
130 8-10 Co 1.96 2.43

Zn 1.18 1.25

135 8-16 Ni 15.26 15.26
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(cont)

Para~ original Terun )

sample # Date meter
_ 8-16 Ni 24,07 24,07
f 148 8-16 Ni 28.03 | 28.03
: 151 8-17 Ca 165 400
| ‘ Mg 16 40
| Na 82 178
, Ni' 40.38 40.58
“ 154 8-18 Mg 115 44
! 161 8-23 Fe .26 .26
! 188 9-12 Fe 24.0 24.0
L






