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This report presents the available data that have been collected by the

leaching/pathways program. In all the areas discussed, additional sampling

has been conducted, but results are not yet available. All conclusions and

interpretations are to be considered preliminary. In an attempt to illus­

trate the approach and the models being considered) limited data have often

been used to show trends and indicate possible mechanisms. It must be

understood that statements made on the basis of limited data are subject

~o change.

Signed~
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The interrelationships betvleen the various portions of this pr'ogram ar'e

sho\A1n schematically in Figure 1. The individual field projects are listed

in Table I and shown in Figure 2. The major effort this year has been at

Erie Mining Company's Ounka Pit. This area will continue to receive a

major emphas is, but more work wi 11 be conducted at Af~AX and US Steel next

year. Some work may be done at the Inca bulk sample site this spring. An

outline of next season's field plans will be available by March 31.

Erie f~ining Company-Dunka Pit Study

GEOLOGY

Descripti on of Study Area

The Dunka Pit (Erie tHning Company Area 8) is located in the nOY'thvlest

quarter of the USGS Babbitt NE Quadrangle, 7.5 minute series, 1969 (Figure 2).

Immediatt:~ly north of the pit lies Birch Lake. Dunka Pit is approximate'ly

2.5 miles long, .25 mile wide and 350 feet deep. The pit follows the strike

of the Iron Formation (N 30 E). The Ir'on Format'ion dips to the southeast

underneath the basal nrlneralized zone of the Duluth Gabbro Complex.
I

Erie ~1ining Company mines tacon-ite from the Iron Formation at the Dunka Pit

and transports ·it to the'ir Hoyt Lakes Plant \'~here it is processed along vJith

lO\'Jer grade ore. The stripped overburden is segregated by rock type--lean

are, waste rock and mineralized gabbro (enriched in metal sulfides).

Stockpiling of the sulfide-rich gabbro began in 1967. The combined weight

of the three gabbro stockpiles now equals approximately six million tons.

In addition, there are some 23 million tons of rock classified a.s "waste

rock stockpiles l' with an estimated composition of 70 percent gabbro

(Figure 3, Table II).



Page 4

)9

ft
8'0

I~
~

\~
I
\''"'''' .....~.--r,''' .....'''>r'''~~''''''' ....~..''''tJ....,.,••~...~ '0'"

,

b ~ 0 I

[W 1M Mit-t-? ~

MiF\lESil··E AREA
COPPER f\lICKEL STUD"l

Figure 2. Study area locations:
Inco) Dunka Pi t) AH.AX,
U.S. Steel.



Table I. F...:c:.J.c. study areas.

Location

1. Erie Y~ning Co.
and Dunka Pit

Study

a. Field
Leaching

b. Bog

c. Unnamed
Creek

Objective

measure rntes
of netal release
under actua.l
field conditions

measure transport
of leachate
through a bog

measure transport
of heavy metals
in a stream

Goal

What is the extent
& rate of release
of heary metaJs
from stockpiles?

'{hat is the rate
and extent of heavy
metal transport
through a bog?

w~at is the trans­
port of heavy metals
in a stream system?

Description

Three distinct seeps have
been identified~measure

quality and quantity as
function of time

Leachate flows directly
into a white cedar-alder
bog. Measure loading into
bog and concentration of
metals in water and peat.

Leachate enters Unnamed
Creek in several areas
~easure quality and
qu~ntity as a function of
time and location

Plans

intensify sampling to obtain
better release information:
attempt tracer studies to pin
point seep sources

winter sampling of bog draiDage~

measure release
analysis of peat core samples
collected last su~er

intensive spring sampling to
measure any flushing action

winter sample under stable flo~

conditions
intensive sampling for a short
period of tine during open ~ster

stable conditions

'""j
~:-q
ro
~

d. Bob Bay measure loading to
bny, transport
through bay and
accumulation

~~at is the fate of
heavY metals in the
discharge?

Unnamed Creek is
flow to Bob nay.
in?ut from creek
tration in water
sediment in bay.

only major
Heasure

concen­
and

winter sampling of bay
sediment sa~pling this ~inter

continue sa~pling this year

2. tiS Steel Field
Leaching

measure rates of
metal relense
under actual field
conditions .

What is the extent
& rate of release
of heavy metals

small confined basin: inflow intensify sampling to obtain
is from runoff & precipitation/release infornation
outflow due to evaporation &
seepage: mensure qualj.ty and
depth as a function of ti~e

;;.. N'.A.-\. a. Field
Leaching

b. Bog

measure rates of
metal release
under actual field
conditions

measure transport
of leachate
through a bog

What is the extent
& rate of release
of heavy metals
from stockpiles?

What is the rate &
e~tent of heavy
metal transport
through a bog7

I.waste rock pad-multilevel
well has been installed
within the pad to determine
leaching and movement of
leachate

2. test piles-lean ore
piles constructed on
an impermeable base

waste rock pile is built
in a block spruce bog, all
seepage from the settling
anGina and the site runoff
flows into the bog

installed in November
sampling has begun

sample intensively during runoff
events

intensive spring sampling to
determine flush
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The land rises southwest of Dunka Pit culminating in the topographic high

known as the Giants Range. East of the pit, the landscape consists of a

series of linear bedrock ridges striking N 30 E. This strike is the same

as that of the bedrock outcrop in the pit and of a major fracture pattern

in the bedrock.

Immediately south of the pit, a terminal moraine trends east-west. The

moraine cuts across the northern quarter of a broad, flat, boggy depression.

The Dunka River flows along the western margin of this depression, turns

abruptly west where it encounters the moraine, and enters Birch Lake

approximately one mile west of Dunka Pit.

Glacial Processes

Glacial advances during the Pleistocene obliterated some bedrock features

and enhanced others. Weak zones -j n the bedrock created by the fr'acture

patterns were gouged out by the advancing wall of ice leav'ing a series of

elongate valleys. Multiple glacial advances and retreats occurred. Rock
I

debris picked up by the ice was either deposited at the terminus of the ice

. advance in a hilly terminal moraine or behind the terminus in rolling ground

moraine. ~~eltvJater from the wasting ice re\·/Otked some of the g"/ac"jal drift~

sorted it, and deposited it in broad aprons of outwash sands and gravels.

Glacial drift and outwash filled in many of the bedrock depressions masking

bedrock topography and creating buried valleys.

The terminal moraine south of Dunka Pit appears to lie upon a broad deposit

of outwash that was formed during an earlier g"lacial l"'etreat. A ser'ies of

six test wells located around the 8011 Waste Rock Pile show that some of the

bedrock valleys have been filled by this outVlU.sh deposit (F'iqur'e 4). Hell 24



Paqe 10

l-ies over a valley that is fil"led \'lith oub'/ash overlu"in by a tlrin veneer

of t"j 11 and peat. The trend of the va 11 ey is presumab"ly that of the regi on

(N 30 E). If so, at least some of the outwash extends beneath the stock­

pile. The outwash deposit is believed to be contiguous with the large

outwash deposit that is found south of the moraine. Another tongue of this

out~lash depos i t occurs ina buri ed va 11 ey that has been transacted by the

south pit of the Dunka Mine. The outwash appears to pinch out to the

north where t"ill replaces ouhvash in the valley fill (vlells 26 and 27).­

He"lls 22 and 23 ind"icate that the valley west of ~\lell 24 is filled with till.

Since the last glacial retreat approximately 10,000 years ago, insufficient

time has occurred for the streams to adjust to the region. Drainage

patterns are deranged and many enclosed or poorly-draine~ depressions exist.

Stagnant or slow-moving water in these depressions has prevented the

oxidation of organic plant debris allowing it to accumulate to form peat

deposits.

Because of its massive~ cr'ystalline nature, the bedrock yields little \--later

except where exten~ive joints and fractures exist. Test holes drilled into

the bedrock octasionally yield highly saline water~ but the yield is low

and occurrence is rare. Except for the geochemical implications as to its

origin) such water should be of little consequence to future mining operations.

Ofthe surfa ce Ina t er"j a1S, 0 n1y the 0 Ut\'Iash dep0sit i sag0 0 d aqui fer. Spr i n9s

trickle from it on the south wall of Dunka Pit and form a pond at the base

of the pit. Because of the close proxirnity of Dunka River to the p-jt, it

is possible that the river may contribute to the flow in the springs via

recharge into the outwash.
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Figure 8. Dunka Ba Q' •y ~>dmplJ_no- 'i-tJ s .. tes.
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The cores are pres erved for 1ater chemi ca 1 ana lys is by sea l'j ng them in

ni trogen/he "l-j urn-purged packages of a speci a1 oxygen sca veng"j n9 ma teri a1

that was supplied courtesy of American Can Company. The sealed cores are

then stored in a vertical position in the cool room of the Bell Museum,

Un i vers -j ty of ~1i nnesota.

Special care has been taken to keep the cores at conditions as close to

the field as possible so that changes in chemical speciation of metals
-

will be minimized. The filtering and preparation of core samples will be

done in a nitrogen atmosphere. Once provision has been made for core

analysis, future samples will be prepared and analyzed as they are taken

from the field. A few representative cores will be preserved for the

archives.

RESULTS AND DISCUSSION---------.---

Erie Hells

1'1a ter J.eve1s-··Groundwater contour maps were cons tructed fot" each vIa ter
,

level measurement taken in the wells. Figure 12 is a representative

example. The groundwater flow is to the north. The closer spacing of the

groundwater contours in the south may be due in part to a damming effect

created by the 8011 stockpile. This effect is seen throughout the year.

The groundwater contour crossing W-26 and W-27 appears to change little

over time. However, the up gradient wells, especially W-24~ show greater

fluctuations.

Generally, the highest water levels occurred in March and the lowest levels

occurred in AU9ust~September (Table IV). Most wells show a gradual
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decline in water levels during the summer with a gentle rise beginning

'in the fal'l.

Table IV. Water table elevations (ft. msl), Dunka Pit stockpile wells
(24/1, 24/2, 27/1, 27/3 are piezo~eters).

1493.7 1494.7 1494.5

1496.6 1494.1 14lJwl

"87')~
1486.1 11,85. 6 11'~-=i1
1484.5 1484,5 ~

1- ~+---+-=r L_,

10,8 4.0 1491
-.

13,7 2.4 1488

14.2 3.0 1486

12.5 2.5 1486

_9~O _J 1.2-- 1486

__3,_8_1 1. 2 148621/3 .

27/2

\,'-24

24/1

h'-22

\-1-23

27/1

24/2

\-1··25
--+----+

W-26

0.,:-27

Piezometers at W-24 and W-27 indicate that the vertical component of

groundwater flow is downward at W-24 and upward at W-27. This tends to

support the theory that the stockpi 1e is acti ng as a parti a'i do.m to

groundwater' flow. '

Chemical Data

To date, complete analyses are available only for October 1~, 1976.

Monthly sampling will afford better interpretation, once the data are in.

F'j e1d speci f icc0 ndue tan ces sug9est t hat t.he six \ve11 s can bed i v-j dedinto

two groups designated as upgradient and down gradient from the 8011

Stockpile
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Table VI. \~ell \'wter' chemistry, Erie t·1inin~J Company, Dunka P'it,
October 18, 1976.

Sp<::cific
Conductl\llce ~ ILlknlinity Cl DOC Hn Fa 7.n Ni Cu en ~ 2.L_ .!!.-Qr2~ §2I,_ fE_(lJlllDo/cr;r-@-goCf Dlg/l all mgTf. ;;;811 lJr.fi ;g]I IJg/l ~lg/l \JEl/f ~&/l IDe/I tng/l t'l1;/1 109/], l'g/l

CaC03

Up [\nd:l.ent
.... ells

W-22 130 6.88 84.6 1.4 16.4 l~;t 2/. .04 37

\,1-23 120 6.90 38.9 0.8 . 6.0 3t,0 • 4100 2.5 2.1 5.7 10.0 '1"';.0 35 .01 15 2.5

\,I-2tj 460 6.90 74.1 1.8 19. 570. 14000 1.9 12. 6.2 52.0 9,9·0 40 <.01 290 4.5

Do~m gradient
~_a_

101-25 270 7.85 134. 3.S 16. 360. 1900 8.9 2.2 6.0 19.2 'fe.l:, 20 <.01 1. 0.9

11-26 285 7.75 142. 1.7 1'1. 900. 11000 1.3 0.5 1.9 25.2- 'i-~.6 24 <.01 <1. 1.3

101-27 210 7.82 110. 3.3 11. 5440 9.5 1.2 0.9 18.8 30.0 22 <.01 Z. 1.0

Out~ash Springs, 230
South Pit

8.20 85.5 7.7 9.3 HiD. 710. 16. 1.7 1.6 19.2 SG:-.0 <.01 16 <.05

It is possible that water from the 011 discharge pipe may be affecting

water levels in this well. The all discharge operates intermittently.

Hence ~ slugs of water may be. peri odi co. 11y enter"j ng the outwash and

affecting the wa~er level at the well.

The 011 discharge has its source in the south p·it. ~~ater chemistry for the

seep in the south pit does not resemble ~·!-24. Unfortunately) water chemistry

for the 011 discharge has not been measured. It appears that the chemistry

·'at \1-24 may be controlled by the waste rock stockp·ile. Althou9h the 8011

stockpile is classified as waste rock, sulfide-bearing gabbro has been

found on the pile imrr.ed-iately adjacent \-:-24. If groundwater mound'ing

exists within the pile) a southerly component of flow should exist off

this mound that is counter to the regional groundwater flow. This may be

the source of the sulfate-rich Ylater and high levels of nicke'j that have

been rneas ured at H·~ 24.
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Table VII. Peat stratigraphy, location 3-4.

~th ifl!l
0-1. 3
1.3-1.4
104-1.5
1.5

Desc r'j pt ion

woody peat, well-decomposed
sphagnum
reedy peat
silty c'lay, gray, some sand

A portable conductivity meter (f/LYron L, EP model) Has used to determine-the

zone of influence of Seep 3. Surface water wells and piezometers (1m depth)

were installed across the bog (Figure 6). Locations 3-7, 3-8 and B-1 and

8-8 are situated outside the zone of high conductance.

An early fall freeze-up has hampered the sampling of bog wells. Temperatures

and specific conductance on October 7 indicate that most of the cont~mination

and flow occurs at the surface (Figure 13). Unnamed Creek provides an

effective eastern barrier to the influence of the seep.

It appears that cold Seep 3 water may have reached the first two piezometers.

~owever, only the first piezometer shows any increase in conductance. This

suggests that changes 'j n cherrj'j stry do occur as the water ·fl ov,s through the

peat. The nature of these changes must await further monitoring and full

chemical analysis.

An experiment conducted at the Duluth Environmental Research Lab in

November~ 1976 compared levels ofCu, Ni) Fe, and Mn from six separate

stations using water filtered through.0.45 ~m) 0.10 ~m membrane filters)

and unfiltered water centrifuged at 50,000 rpm (230,000 X G) for one hour

(Table VIII). The data suggest that part of the copper and much of the

iron exists in the form of finely-particulate matter. Nickel) on the other
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UNNI\HED CREI:K

Unnamed Creek rlo~\1 is dominated by nrine dCi'/atering d"ischarges (Figure 5).

The 011 discharge is the major source of water with an average flow of

4.1 cfs; the avel"age floVJ of 012 discharge is 1.0 cfs. These discharges

represent the large major"jty of Unnamed Creek flmv. Ha.ter "level

recorders \'1ere installed by the USGS in late SUlTlmer, 1976, at the follo\;fing

sites: Et·1~1~ E~1-3 and [t/1-8 (Figure 5). Rating cur~es "Jere established fo)"

these sites, and mean daily flow rates (cfs) were calculated from the

hydro graphs . The resul ts are ta.bul ated in Appendi x m. along VIi th Eri e

Mining Company's estimated flows for the 011 and 012 mine water discharge

pipes. Sto.ff gages were insta.lled at all other sites. Per-iodic discharge

measurements were made and rating curves established. Rating curves for

station 2 and 5 are presently classified as poor, especially at the higher

end (± 10 percent).

From data collected in July thru September, the DII and 012 comprise 165

percent of the flow at EM-I. This discrepancy is believed to be due mainly

to inaccuracies in the measurement of discharge at the pipe. The dewatering

d"jscharfjeS are not continuous, rather, they fluctuate in a cyclical nature

This i spar ticu1ar "I y t Y' Ue 0 f the 011 dis char'9e . Th oj s flu ct uat..i n9 dis char'9e

produces oscil'latory flo\'! throughout· the Creek. Typica.l hydrographs for

station Etlj·~3 and EM~l are shovm in Figu}"e 14. The oscillatory nature of

the flow is evident. At EM-I, the st~ge fluctuated 1.8 feet in a 24-hour

period on October 14) 1976. The maxiMum rate of change during this period

was 0.2 ftjhr.

Numerous beaver dams and constrictions also serve to complicate the intcr-



pretation of f"loV'/ data ftolll Unnamed Cre(~k. Note the date of September 12,

1976i from the f 0 11 0 vii n~J tab1e (T(} b"1 e I X) . 0nthat clate ~ the mea n cl (l i -I Y

d-ischarge at 011 Vlas 7.4 cfs. Hov/ever, downstream at E~,~-3 the flow \'JiJ.S

only 0.9 cfs while at the mouth (EM-I) it was 6.8 cfs.

Table IX. Hean do. -j 1y flow, Unnamed Creek, September 11-15) 1976.

Discharqe (cf.~

Date 011 Ef'~- 8 EM·· 3 012 Ef'1-1----

9/11/76 0.0 0.1 1.8 1.9 1.3
9/12/76 7.4- 0.1 0.9 1.9 6.8
9/13/76 o £1 0.1 4.1 1.9 8.3• I

9/14/76 6.5 0.1 1.0 1.6 3.9
9/15/76 0.0 0.1 4.2 0.0 3.3

During the high flow, the marshes are completely flooded with water. This

causes a delay in the crest of the flow and, like a capacitor, tends to

shave off the tops of peak flov/s and f-j"ll in the valleys of lO\'j floVJS

farther downstream. A comparison of flow data from EM-3 and EM-I graphically

shows this phenomenon (Figure 15).

Before an accura~e model can be developed for the seep-bog-marsh-stream

system, better floVJ information must be obtained. Beg'inn'ing 'in the spring~

the seeps will be gaged using Parshall flumes. Stream gaging will continue

in or'der to ref-ine the rating cur'ves. f~n atterrpt \Vill be made to obta'in

flow measurements at each time and point that a sample is taken.

A better method of measuring flow from the 011 and 012 discharges is

needed before these data can be incorporated into our analyses. The

feasibility of installing recording flow meters in the pipes is being

i nves t-j ~la ted.
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Table X shows average concentrations for the 011 and 012 discharges. The

data are restricted to only a fe\\! parameters. These discharges contain

relatively low concentrations of copper and nickel. (Reg'jonal Hater Qua"/ity

data indicate) that) in general, background levels for copper and nickel in

the study r(~gion are on the order of several 119/1.)

Table XI shows data for station EM-5. This station (Figure 5) is located

appr-oxirnate"'y 3200 feet downstream of the 011. T\-'IO floy! reg"jmes are present.

High flow corresponds to the dewatering discharge, while low flow repr-esents

water mainly from storage and some natural infiltration. (The change in

stage between high and low flow is about one foot.) With the possible

exteption of total iron~ there are no large concentration differences

beb-veen h'igh and 10\'1 flov,.l sarnples. High flovl \'{ould transport more suspended

material due to channel scouring. This additional material could account

for the observed d'lfference in total "iron. In genera"j) the water" qual'ity

is typical of mine dewater"ing discharges for' tacoll'ite operat"ions (Ogleb((y~"

Norton EIS) and is character-"ized by a neutral to sl'ightly basic pH, ~ri9h

a1kali nity, hi 9h con cent r'at ion S 0 f dis sol ved ~; 0 1oj ds, and 9enera 11 y low

concentrations of heavy metals.

The type of flow flucttJations encountered in Unnamed Creek make the- collection

of a "representa.toivel! (average conditions) \~Iater qual"ity sample difficult.

The implicit assumpt:ion in most "vater quality .programs is that the grab

sample represents the true stream conditions for a specified time period

(usually assumed to be the time between sample collections). For Unnamed

Creek~ these assumptions do not apply. Several possibilities for sampling

schemes eX'j s t:

1. manipu"late purr.ping to produce "stable" flovi condit"ions (high or 10\-'/);
2. sample at tir:f.: of travel 'jnterv,:ds; (Inc!
3. sample intens'ivcly aVE:)" short p(~riods of thi1c~+
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TabJe XI. Water quality data, Unnamed Creek, Station El~6.

1,01'1 Flo';-l 111gh FJo'iV
Date -- 7/]5/76 J~/2§j~i2 ,9/8/76 7/27/]J~. ~.1Zj-lf!. 2L8/7G

Discharge
(ft 3/sec) .32 • 18 .68 6.09 7.10 6.1.8

pH 7.50 8.01 8.1 7.5.5 7.81 8.2

Alkalin:Lty
(mg/l as CaC03) 86 88 99 95 92 104

Speclfic Conductance
(~tmhos/cro2) 521 329 3L}6 500 347 390

Hardness
(mg/l as GaG03) 225 NA NA 213 163 NA

Silica
(E:g/1 11.4 NA 9.83 10.22 NA 11. 0

Chloride (mg/I) 32.0 15 . .5 17.Lt If 9. 9 31.4 23.1+

Sulfate (mg/I) 119 78 NA 123 74 32

Dissolve.d drgc.nic
Carbon (mg/l) l/t.9 16.7 8.0 17.0 15.8 24. L~

Dissolved Inorganic
Carbon (rug/1) 12.0 7.2 23.5 15.5 12.9 7.2

Copper Total
(mg/l) .006 .007 .003 .016 .009 .006

Copper :Flltered
(mg/l) ',006 ~ 005 .001 NT .006 .006

Nickel Total (rug/I) .024 .006 • DOL} .016 .009 .011

Nickel Filtered
(fig/I) .021 .008 .. 003 NT .016 .011

Iron Total (mg/l) .029 • 122 .138 .59/1 '.287 .207

Iron Filtered (rug/I) .029 .058 .03/+ NT .031 .03!}

Calcium (mg/l) 31.3 21.7 23.1 11. 1 25.0 25.ft
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Table XIII. Water quality comparison.

Period of Sample Spec.
Record Number Condo

Streams Receiving Hine Der....·Btering

Unnamed Creek 7/1 - 7 680
(EX-I) 9/21/76"

Unnamed Creek 7/1 - 7 387
(E!'l-6 ) 9/21/76

Langley Creek 7/76-8/76 3 445
(ill-G'LX: S- 2 )

Dunka River 7/76-8/76 2 315
(RegioTIe.l D-l)

mg/l mg/l
Alkalinity mg/l Copper Nickel
(mg/lasCaCOi) Calcium Total ~otal ~H

93 48.4 .004 .123 7.63

101 23.2 .008 .010 7.81

91 «5,38)+ .001 .002 7.6

96* 35 data not yet 7.4
available

'-j
D

:-::1
(':)

..;::....
\...."1

tlNatural',t Unimpacted Streams

Unnamed Creek 7/1' - 3 83 32 4.2 .. 002 <.001 6.7
(El-f-4 ) 7/27/76

Filson Creek 7/76 1 30 14 L, data not yet 6. 1~

(Regional F-l) available

Dunka River 7/76-8/76 2 77 30 10 .001 ~002 6 .. 6
(AHAX S-6)

~August value ..
<5, July
38, August





In 9encra1, the seepsaY'Cull charae t er"j zed by h-j qh a'i kali nit 'j es (68~ 227

mg/l as CaC0 3), neutral to basic pH, hi~1h sulfates (1000-2600 P19/1)) high

organic carbon (15-54 rng/l), and siqnif"icant quantities of heavy metals,

nickel (1-20 mg/l), copper (.02-1.8 mg/l), zinc (.03-.4 mg/l), cobalt

(limited information: .130-.850 mg/l) and very low temperatures (.5-3.50 C).

The water emanating from the piles is significantly lower in temperature

than normal groundwater temperatures, which generally have a range of

10-120 C (01 cott, per'sona1 communi ca t ion) .

It is possible that ice lenses have formed -in these stockpiles. These

stockpiles are used during the fall and winter. The rock material ~ould

insulate ice and snow incorporated into the pile and prevent total melting

du~ing the summer. Some evidence of ice lenses in the 8014 were noticed

dur-jng construct-ion of drainage ways in 1975 (Erie j!lining Company, persona.l

Co mmuni cat ion) •

Although the ratio of copper to nickel in the gabbro is 3-4:1, the ratio of

these metals in the seepages is on the order of copper:nickel of 1:30 to

1:100. One of the classical problems associated with heavy meta.l sulfide

mining has been 'the formation of acid m'ine drainage. This does not appear

to be a problem for the gabbro material. Significant amounts of buffering
..

capac-ity is being provided, probably through the weatherin9 of the silicate

minerals. Some of the material in these stockpiles is waste rock from the

iron format'ion \I,'hich may also contY"ibute bUffer'ing capacity. The 8014

(origin of Seep 3) contains essentially all gabbro (Table II).

D'1-9 - floVl from the 8011 waste rock stockpi 1e.

Chem'ical Data for D~-9 is ShO\A!t1 "in Table ~}(~.. This 'is collected as far

back into the pile as poss'ible and "is th0 best attainable r0pY'(lsentation

of the condition of th{~ "later emergin~J fY'orn the stockp'ile. Fiqure 19 shov/s
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Te~le XIV. Comparison of EM-8 and EM-9.

co Rardness
['-ate Sta. D.O. Te"p pH Alk. S.C. ~::C03) Si Cl Zn T Zn 1:

I
,:s;.f-8 Ii I 17• 2 1-:°E629I 80~ 8.771 34 • 1 II I.

7/1/76 I -
IE:f- 9 I I __J ----TI---- ------~------- S TAT I 0 1:'1 NOT I
I 1 ! r . 1 I I I ! 1 1

~;-r-S I' ~.~ I 11.0 117 • 1 1136 I j S18 I ~'~-~-~l~-41~-fI714 '24.5 21.5 'I O.OlSI 0.015 jl1.35 i 0.498 I! 0.155\ O'O~5--l14311 I
7/6/76 I \,..4 I II II I - I 'I . I

___-t-l_D_~_9__+1<2.5 I 1.0 16• 95 1 138 I 941 I . 42.0 , 796 13.2 34.9 1 0 •020 0.017 1.27 0.467 0.30 10 . 007 1 152

7/15/76 IE.'1-8 I S. 1 I 13.5 17• 2 II;;~ Ii~i~ I I 9.99 ' 39.1 1980 26. a ' 15. 7 I0.020 I 0.018 !1. 60 1. 56 0.166' O. 058 164 . 9 0.019 I I
jD!-9 1 1• 6 ! 1.0 _16.891135118111 1145 110.8 40.11973 25.1. 19.5\0.02310.019\1.61 1.63 0.175 0.063161.8 ,0. 003 1 I
Df- 3 7• 3 I 10. 0 i . 15 1133 /1850 I I 9. 61 40. 7 1134 26 • 3, 19 •0 Io. 016 O. 015 O. 580 0 •570 O. 114 Io. 0S6 154 II

7/19/76 I ! I I I
112f-9 I 1.2 I 0.5 7.1 138 1930 I 42.0 1144 26.2 19.8 10. 022 0.020~ 0.131 1 0 . 074 1163 I I

0" _ ' " ,. 1.89 11.94 1 0 ,114 0.0731163 I I I
,1.6!.,o IC''-9 11.3 I 0.5 16 . 83 113~ 1980 I 1238 I 1 41./1 11:J.9 ' 20.0 128.510.02210.020 12 • 06 1.97 10 • 254 10.0731168 I I !

7!27!761L'H I ~:~ 16.0 7.01 133 ;~~gl 1348 !9.89r45.311237 20.0126.510.0190.0181.97 2.10 100091°.0451178 II I I
1'~'-9 11.4 II 0.5 1 7. 0 130 !zotf S ! 1348 !10.2d 42.0 1095 17.0 28.0! 0.022 0.021 1.89 11.89 10.11410.036 200 I I
II! I f I i 1 , I

--, -, ',! t I ' . ! j l I I
~!''''''' lI~'~S I 6.75 11.517.10 11124 1 2250 I 1310 i 156'51"346 1 21.4 1.17'4 0.021 1 0 . 020 2.40 1 2 • 40 0.134 0.045 21 1

• I jO.035 10.031
\." ;. ... / /6 ! I I ! I I j j;

Ir:-~9 I 7.00 1 133 112305 1340 55.6 1381 1 28 • 2 !13.4 0.026 i 0.023 !2.38 2.36 0.150 10.056 ! 223 Lo.o2910.034
I, i I I! j i , I

II r:t~81~ 7. 3 8• 8 i . 4 I 130 29 • 2 115G4 2G• 5 119. 5 a.018 II O. 016 12. 36 2 •40 I o. 095 Io. 057 230 I Io. 033 10. C35
8/26/76 ( ! j I I I

ID~-9 11.0 t 0.9 7.32 136 2900! : A I 28.8 11619 1 24 • 9 119 •8 0.018 LO• 01o 12.36 2.32 1 0 . 126 0.063 241 I 0.03510.032
I I . i ~ i! I
. I --t I '(4 I I I! I I

9/S/76 Il:},-S i NT 8.0 7.4 1 150 2600 I .:: I 1685 136 • 3 10.31°.01710.016 2.42 l2.40 !0.139 lO.072 241 0.037 0.035

,rYr9 II'KT LO 7.4 1154 2060 I ;, ~, i 11529 132.6 17.310.020 0.018 2.36 1

12
.36 10.13910.079 248 0.035[0.030

! l i 1 A t-::-:-f--b I I I

9/21/761F.''-8 7.9 I 3.0 1

1

,7.65 1 145 2740 I ~ 1 13 • 0 i 38.0 1523 11.5 '1\ 37.5 \ 0.020 10 . 016 12 •42 82 •56 110.208 O.UlI 248 1,0.040
1

1

\0.033

IE11-9 \ 2.2 I 1.8 .7.35 1 152 3018 I I 9.65! 38.0 1386 t 12.0 ,39.510.01910.018 !2.52 2.49 0.211 lO.111 1 244 0.043 O.04l.
---!- , t f I I ii' I I

Un i t:1: ;\ lk. ml-~(1 .'1l~ C,tCO J
$.C. !li't'cific C(lnth,ct:lllC"~ pmhoo/cm'::
nl1 0 ther p.3rallle V~ru in 111/'../1
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::J
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that the data can be modelled by an expression of the form:

Concentrat'ion X f1ischa.rge - Constant

or Loading ::: Constant

For the period of t.ime represented by this data, the rate of release of

nickel and sulfate were constant. (Kinetically, this is known as a zero

order p\"ocess.) This type of release could be exp"la'ined by a zero order

chemi ca 1 reacti on or a di ffus i on react i on mode 1:> vri th d-j ffus i on as the

'controlling step. [The fact th~t the data fit a particular mode'l does not

prove the model's applicability, rather, it suggests a possible mechart'ism

that can be compared vJith laboratory data.] The 8011 Stockpile was started

in 1965; by the fall of 1972!1 the edge of the pile had reached the old

drainage course (Figure 21). It is conceivable that the rock has had

sufficient time to weather and develop an oxide coating.

Plans

Additional groundwater samples will be collected to determine input condi-

t"ions. Some of fhis "'later will be lIsed "in laboratory 'feachin9 tests for

fi e1d-l ab co I"l"e1ati ons . A ground\\Ja.ter tracer study through the poi 1e \,d 11

be attempted next year. This informat"ion, coupled \'lith qua'r'ity and f'loN

information, \\/f1"1 provide more data on actual field leaching rates.

Seep 3

Seep 3 originates from gabbro pile 8014 (Figure 24). During 1975) in an

effort to reduce lea.ching problems) Er'ie began to drain the area around the

stockp"ile. At th"is time, a steel drain pipe \'las pO/aced as shm'm. This \Vas

then covered vJith pa.d material. The actual sarnplinq point occurs at the

d"ischarge point of the p"ipe ~/hich is about 1000 feet from the pile.
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The chemi cal c IJarae t er i s tics for t his seepare s 11 eM n i n Tab1e I I I . Hi qh

concentrations of nickel, copper, zinc and cobalt (limited data) are evident.

For copper, there is a significant difference in total versus filtered

values. The filtered value (4 determinations) ranges from 68-95 percent of

the total metal concentrations in the sample. This may be a result of copper

prec"ipitation or an ar'tifact resultin~ from sampling the very low -f1ov/s of

the seep (bottom disturbance). This difference \'lil1 be looked at in qreater

detail next year. The concentration of nickel remains relatively constant

throughout the summer. Copper concentrations were higher in July, but

stabilized in August and September. Sulfate concentrations fluctuated in

the early samples, but leveled out toward the end of August.

Figure 25 is a cross section through the 8014, showing the original surface

and the present stockpile. Bedrock slopes upward to the west in this area

and there is no seepage into the pit. Surface and groundwater are moving

toward Unnamed Creek. In the cross section, a large flat and possibly

depressed area can be observed. Water may be trapped in this area. Figure 26

is a cross section through the 8011 and the 8014. There is a significant

elevation drop b~tween the two stockpiles and it is unlikely that the two

seeps are connected. Recharge is possible for the 8014 from surface water

runoff and the stockpile itself (~igure 24). The location where the water

. leaves the stockpile is also consistent with the trapped water model. The

high levels of copper and nickel concentrations are also consistent with

this model, being indicative of a more stagnant situation in contact with

higher mineralization. If water is t~apped and draining such th~t the level of

water is decreasing, the flow would decrease in a linear fashion. Figure 27

is a plot of discharge versus time for seep 3. The relationship is approxi-

mately linear. (Heavy rainfall would co~plicate the interpretation since

recharge would occur.)
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An approx'imate ca'lculation (Arpend'ix III) "indicated that sufficient vlater

to a.ccount for flm'! of this seep could be provided by seven inches of water in

the stockpile.

The conclusions dravvn are prelinrinary~ but they are indicative of possible

mechanisms. More detailed work will be conducted next spring and summer

at Seep 3. A parshall flume will be installed to provide better flow data

and sampling will be more intensive.

Seep 2 is related to Seep 3 (Figure 24). During periods of high runoff,

seepage from the 8014 emerges via Seep 2 and 3. The Seep 2 samples that

we~e collecte~ this year were from stagnant pools. This seep will be

examined in more detail in the spring.

Seep 1

;Seep 1 originates from waste rock stockpile 8013 (Figure 29). The data

are tabulated in Table III. Nickel concentrations generally decrease

throughout the summer, while copper is essentially constant at levels

comparable to E~'1-,9. Iron concentratLions, both total and :f'jlter'ed (limited

data), and dissolved organic carbon are significantly greater than Seep 3

and Er'1-9 (Table III). Hater from th'is seep has a tendency to foam when

placed in a bottle and shaken. This is similar to the foam produced when

water containing swamp drainage flows over a rapids. The high iron,

organic carbon and foam behavior are all consistent with bog drainage.

Figure 28 sho\1/5 a cross section thY'ough the 8013 Stockp·ile. There is

approximately a 14-foot elevation difference hetween the bog and the seep.
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The "system" could represent any portion of the ecosystem, e~J. a stream

se~1ment. The: first approach is to assume a steady state situation, ie. ~

the accumulation within the system is zero. If the chemical const'ituent

beinS) considered is conservative (it does not underqo any react'lons), then

the mass balance becomes

input::: output

For the Unnarned Creek situat-jon, the dynamics of the system are complex.

In addition to the fluctuating flow, field observations have identified

other cornpl'icating factors. P,S mentioned previously, during high flow) the

marsh near Seep 3 is partially flooded. This flooding action sweeps high

conducti\rity and presumably elevated heavy meta"l vlater dOVln stream.

The discharge from EM-8 and Seep 1 flows directly to the stream. Seep 3

flows into a white cedar-alder bog. The water level was at the surface

throqghout th(~ summer, suggesting a satuY'ated condit-ion. If the bog V.Jas

so. turatecl ~ then any \\ta ter flow; ng into the bog Cl system") \vOU 1d be ba 1Gneed

by an equal amount of outf~loVJ. Some of this outfloVl could OCCUi" as

discharge to the stream, but much of it is probably lost through evapo­

transp-itation. If this is the case, the flovi measured at Seep 3 wou'ld not

represent the input to the stream.

The first approach is to assume that the load'ings over a tViQ-week pet'iod

are constant. If the contribut-ion of station 6 can be taken to be zero,' the

mass at any station, for a conservative substance, will be constant.

Dewatering discharge is treated as a variable volume of dilutant. The

load is then determined on an instanta'neous basis: load::: concentration X

dischnrqe at time of sampling. For parameters in which the load from station 6

cannot be neql (~cted ~ the simpl e mass ba.lance approach \'Ji 11 on·'y \'{or'k for

stable flO\v conditions or silmples collected 011 d time of travel basis.
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T2ble. xv. Stream loading of nJckel at, clC'tcn:LLncd by GC'gmcnt (lbR! day).

Transport Scr;ment 1 : EH-8 + EH~>6 t::l EH-5

Load Load Sum of El1--5 measured/
Date £1'1--8 J~ll- () EH-6 E. EN-B EH-·5 El1··5 cCi.lcuJ C1 ted

- --_._-_.._-~----'-~------

7-1 1. 34 ND 1. 3~ 1. 60. L 19

7-15 1. 55 .O!f 1. 59 2.12 1.33 -};

7-27 1.70 r:.' ') 2.12 1.21 ,57''>..),-

8-12 1.94 • 3/+ 2.28 2.06 ,90

8-26 1.52 .006 1. 53 1.28 f8 lt

9-8 1. 56 .37 1. 93 1. 73 ..90

9-21 1.76 .01 1.77 1. 49 ..8l~

(ND = Nickel concentration not detectable)

Transport Segment 2: EH-5 + Se.ep 3 ::~ EN:-3

Load los.c1 Su.m of EJ'~~-3 measured/ El1-3 ' ,Taeasurca/
Date El'1~5 .S e~.£_}___~lf-5_5:-. Seep l~__~;lcL_ EH-3 calculated EY-5 tleaE;urf:d

7-15 2.12 19.2 21.3 2.17 . 102'\' 1 .. 02

7-27 1.21 12.91 14. 1 3.37 .21l- * 2. 79~',

8--12 2.06 10.22 12.28 3.48 .28 -), 1. 69~';

8-26 1.28 10.L}9 11.8 1.50 .13 'k 1.17

9-8 1.73 6.65 8 .L~ L/r3 • 1- * .83

9~-21 1.49 5.25 6.75 2.56 .38 'i: 1.72*

Transport Segmertt 3: EH·... 3 + Seep 1 + EH-/! + EH=·2 - EH·,-l

.02 3.79 .93 .25 -;~

.13 flo 06 3. 78 .93,

.06 1. 92 1.66 .87 *

.'03 1.78 L 74 .98

.02 2:87 .53 .18 it..

o
o
o
o

.36

.32

.29

1. 50

2.569-21

Load EN Load Load Heasured!
Da te_~ I~r:- :t. Se~LJ: ~r,1-!2__ E}J.- 2 ~al~yla t ~L,_. E1f-l~}eas l!r~_~_a1 c ul ~_ted

7-·15 2.17 ~62 0 .11 2.90 1.L~6 ~5() ~',:

7~·27 3 . 37 . L~ 0 0

8-12

8-26

'''Error ranges for londs do not overlap, d:l [Ference appern~B t.o be, si.gniftcant.



Table ),'\/1. StreRm loadin[T" calc:lurn, chloride, sulfate, 8/12/76.

Transport Segment 1 EN-6 + EE·-8 - EH-5

Load Load Sum of EH-S 1~c8sured

EH~6 EH-6 EH·-8 EH-S
-_._--~-----

EJ'f-8 &
/' Sum 6 [~ 8

Calcium 172~7 955.0 1127.7 1158.5 1.03

Chloride 45.6 11.99.1. 1245 1259.4 1.01

Sulfate 1086.2 2826.6 3912 3366.1 .86

D2-S

Calciu.m

Chloride

Sulfate

1158.5

1259.4

3366.1

139.9

37.9

1/.}OO.I+

1299.5

1297.3

If 766.5

1213.7

IlB9.1

4279.5

·.93

.92

.90

Transport Seg~ent 3

Elf-3 S ('. C:]~. _1__

CalciuI!l

Chloride

Sulf2te

1213.7

1189.1

4279.5

75.2

27.2

593.6

E}f~·3 & Seep 1 EN-I
Elf-I EH-2 EH-J. Sum

-----------_._--_.~--------_._------

201.8 1490.7 1791.0 1.20

156.3 1372.6 140L. o 1 1.02

645.6 518.7 7824.7 1.42
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HE TAL FO rU·1S

The cla.ssical approdch to metal mel1SUreplents has been to consider total metals

vs. an oper'utionally defined disso"'ved metals (defined as those v/h-ich pass

through a .45v fi lter). This cutoff does not really separate meta"'s which

may be in particulate or colla-ida"' form from those that are truly in so"lut-ion.

In an effort to better define the mode of occurrence of metals in the

Unnamed Creek \'fat~rshed) tv/a pilot projects were undertaken. Table XVII "js a

summary of the cornplexing capacity and the results of differential pulse

polaragraphy on samples from Unnamed Creek. Several attempts \'Jere mel.de to

analyze samples from the seeps, but due to the high concentrations~ analytical

doj f f i cu1t oj es weI'e en co un t ered. Theseresu1t sen'e pre OJ imin aI'y) but they do

indicate: 1) significant copper complexing capacity exists; and 2) nickel

can be measured by techniques which determine "free ll nickel. (It is -important

'to point out that these ~easurements ~re made at pH 6, and must be inter-

preted carefully. Changes in pH will effect metal speciation and complexation.)

More work will be done to better define the metal speciation. Table XVIII is

a summary of metal concentrations of different fractions of soix sarnoles
• I

collected from the Seep 3 area and Unnamed Creek. As was discussed previously,

the data suggest that part of the copper and'much of the iron exists either

free in solution or as low molecular weight complex.

Table XVII. Cappel: complexing capaci ty and differential pulse polarographic
analysis of Unnamed C~e.ek smnples.

Copper Complexiog· Djffcrcntial Pulse Polarography
Velte Stat_0~.__----f0~J:iLJJ!.gl~L ~._ Ni.c.k(!:_J.l;J_ElU_S_ajE"iucl (EE:Ll_)_

9/21/76

1l/'d/16

tH-l

:E:H-l

El~-6

1.08

95

51

294

NA

lIP.

< 24

Nil.

NA



filtered values). The per'cent does not (Iqrcc exactly v/ith the: 1110 de 1

prediction. ~'lore \'for'k will be done to eYJlllline tfl"is difference.

BOG CAY-DUNKA BAY

Unnamed Creek d-ischarges into 80b ?ay (F-igute 3). A pr'ogram to study the

transport and effect of the elevated levels of heavy metals \,ws established.

Since no premining informat-jon is availab-Ie for Bob Bay, it vias necessary

to choose control areas for comparison. The main body of Birch Lake is

being sampled by the t"egional water quality program at four sites. Dunka Bay

was chosen as an additional control area. The Dunka River receives mine

dewatei"ing discharge but does not have elevated heavy metal concentrations.

The major concern VIas to choose an area that ViaS -impacted by nrine deviatering,

but did not have elevated metal concentrations. Dunka Bay is the best

control for the pu'rpose. The data from Birch Lake (back9round) vrill also

be used for comparison

Both bays have an appropriate north-south orientation. At Bob Bay, the

bedrock -is of the Duluth Gabbro Camp-lex whereas at Dunka Bay it cons'ists of

members of the Iron Formation. Shore line vegetation along both bays consists

of second growth rn'ixed conifer-hard\Yoods. Both bays are uniformly shallow

with depths that vary between l.O-1.5m. Dunka River enters Dunka Bay from

the south. Each bay opens into Birch Lake along a steep slope that drops to

approximately six meters in depth. Bob Gay is 4600 feet along and has a

width that varies between 275 and 625 fect. Dunka Bay is 3000 feet along

and has a width that varies between 650 and 1020 feet.

Sampling sites are shown in Figures 7 and 8.



shoVI tho hiqhC':.t l'll'vations. Iron, on trw othOl' hanel) may be sonK~~\!flt1t

The da ta sU99 CS t t "" l. DUll ka Bay and Bob Bi.'lY may bot h hEt ve a bottom 1ayer

of \vat(~r that is "\\,Ii(~r in conductallce and a.lkalin-ity. The s'ign'if'icance

and duration of \hi:, phenomenon must a\'ic.dt fur-ther anD-lys·is.

Futuro sampl ing '" ill b(~ a'irned a.t better def'in'ing the tY'ansport of the

d-jshcarge throu~Jh the bay and documenting the levels of exposure to

VJh-jch the biolo91\"\1 communit-ies are subjected. A detailed chemica,l

analysis of bay (~ihl 'lake sed'irncnts vrill begin til-is \vint.er. Of par't-icu·I0.r'

interest is the C\ll)l,ent of wetals in the organic -la.yer' of sed'irnent.

Sed-imcnt cores h"ill be pr-epztred for v.nalysis qtrlckly after they are

takf: n. Inor'de}' t 1.1 ~\ na1y ze both the i nt er s t 'j t i a1 \'!G. t.et' and sol ids

phase of the sed';I~\\IJt: methods, of core squeez'ing in (} rdtrogcn atrnosph21'0

are being investi~;i;tcd" Det<dled rw~thods ctnd anu.lys)s ptocedur'es vJill

be vlOrked out in till.,' n" a \' Eksco 11 n..} \e:: '._ .

Samples of vay'foth lcachates (Erie and US Steel) have been tested by

Bob Drummond~ Ef\U~, using "cough response" techrdques. Pr'el'inrinary

results huve not l~\'t\n fully evaluated but some of the sarnples hD.ve

was to sca.n va,r·i\.'ll',!cdchates and to indicate the magnitude of potent'ial

pr'ob1ems.
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D~.Dth(m)t"o.S 11.5 10.5 1 1 • 5 '10.5 .1 1 . 5 r- !0.5 I.. l.sl 1.0 1
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T~J:'lc xxt· Hater quality data, US Steel.

5/2L:;/76 "7/29/76 '9/1/76 9/7/76 9/30/76 -::J

.;:::..
,r,

(0 C)

:0~al

1:i1 terecl

:~ctc..l

IctalIror:~,

C:?l2.ci :':7:1,_

~:~-:: r'? c r ~

C:~lc;=ide

I;is so:"~.red O}0~gen

S:'lica

:'; ic l:(~l ,

S?ccifie Co~ductance

'.=-e.::'::: era t'Z.:re

r~~~~l - ..~. t 1 ') 3 i ~ ') 3 I . 1 1 ,,1 :~

i ~. I ~ f i· 1 f L- I :-t 1 I - , J 1(5
pH 1 6.4 1 5.90 ,5.89 I L 6.5 I 6. 45 ~ i 6.0 I I I
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Li.sc~arf:c \.ft .... sec. i I I ~ ~ ~ ~ ~ \ 1.
- i r 1 J ! ! 1 ( 1 1

r ire' ,'. i Ii" 1r;' ,iii if \ 1 \ ~ 'i
,r-" '- -.... ~ ..,.. v,: ,", i J. • .l L U ,< ..L; 1 i i' ! I < 1
~ _u''':'_ i\\~:\q .02 ti,W

i
\ . I ~ I : ~ !

.,., ~ I -r, r r>"\ t' "'1"'\ 1 I l -~:-----'j-1----:~-----<
~;~:rcr.c.ss i 111,) I l()(j l~,LJ ~ i ! l L.,. !

+ = 1~21ysis by USGS, Salt Lake City
* ~ fW21Y8is by Ef(lD
:Glan~::.s D.l:;.Ln no analysis for that parn.me.ter pe,rformcd.

Samples 1 and 2 are duplicates
Sample 3 is a blc.nk
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To date, most act"ivity has centered upon the [)l1nl~() P-it \-.;hete active lCi:Hhinq

;s presently tak-ing place. It rerncl.'ins to be seen vfhetlicr suff'ic'ient "cimc:

\1/ i 11 ex i s t f 0 t compar Cl b1e 'I eve1s 0 fie achi nq to be 0 bset'VCd a t ~1'i nnama x

before our study ends.

At 0un ka r it, P1Ct ns are to 'j nstal 'I Cl \'/U t e l' 1eve 'I r ecordeton VI - 24 to

document chanqes in V-later leve·l. Better' methods are also needed for

recording the flow of the 011 discharge.

Erie tltin'fng Company will sur'vey in the bog wells~ assi9ning elevations to

each. This vJill eno.ble the construct-ion of ground\'.Jater grad'ients simi'lar

to what is bein9 done around the 8011 stockpile.

Erie Mining Company hns indicated a desire to investig~te the extent of

. the 0 ut \II a. s h aqui fer by dr' -j 11 i n~l a. set -j es of t est holE:S • \Ife '11 s Pi a. cedin

these holes will extend the groundwater flow net over a larger area and

perhaps answer" the quest'ions of \A/ha.t tole Dunka Hiver c-J.nd the 011 discho.rqc:

'play in rechar-qing the aquifer. Strea.m 9(i~rjnq on the Dunka R'iver rnay also

shed 1i ght on thi s ques t'j on. SurnmeY' fi e1d 'dork \d 1"1 a1so -j nc 1ude a de-ccd 'I ed

exanrination of the 'glacial stY'at'igraphy in the v'lcinity of the Dunka ~lille.

More cores will be taken along the line of wells outward from Seep-3. It

is especially important here to obtain core samples over the entire peat

thickness.

A 1aboratory is bei n9 sou~lht to handl e core ana '!YSt;s. r"~ethods for core

p)'epa r iJ. t ion a. ndan 0 1y s 'j S Hi" 1 be ViO r kc: d 0 ut prio r toth(I beg inn i n9 0 f the

spring field season.
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PROCEDURES



3. Un'less otherwise noted, the sun:plcs \l/cre taken by the Irlc:thods -in
t h'j s nn rt UIt 'I .

4. Any di:l.ta markE::d IIU lI means unre'/'jC1.ble.

5. I nthe Fie1d not es, the r E: Ct r t~ en'cas \'1 i t h b~! a II ks, i e. res u1t s for
hardness. In this case, a line wi1'l be eli'en'in throuq!l the:: sector,
to -ind'icu.te no eonnH:n't, not appl'icable, etc.

6. All Barnstead correction facto~s are written directly below the
. conduct.ance on the Field note sheet.

7. The D:1-10 FH blanks \vere not f'iltered until 7/27/76. The pr'oee­
durep y' '1 0 r tot r1'i s date \\'as to po Ur de 'j 0 wi zcd d'j st i 11 ed VIate r'
c!'j rectly 'j nta the 6eml batt"j e, vri thcut fi 'I txati on.

Preparation of Reagents:

1. Acid wash all glasswear.

2. B0 i 1 d 'j s till ed de i O\l'i zed V!ate r' for 1. 5 In i nut eS 2 nd 'I etc001 tor'00 rn
temperature.

3. After cooled, add 8.3 rnl Cone Hel to 1 liter of this v!ater; this
VI i 1'I ma ke a O. 1. N He 1 sol uti 0 n.

4·. To prepa re .02 N Hel: add 200 rni s of .1 n Hel to 3. 1iter of boi 1E~d

de'jordzed \'Jater. This must be ·standar-dL:e.c1 vrith .02 I,! U32C03
pr'epared in the follovring fashion: disso'!vc;: L 060~ anhydrous Na2C03
avendr i (..:d 'j ntoll i t er 0 f CO 2 f t e2 d'j st i 'I 'j ed Viate r' •

5. Take a 100 mOl sample of the Na.2C03 solut-ion and titr'ate vrith acid
to pH 5. l- LL 5- l j.• 2; do trrJ s 3 times a.nd aver'C!.ge (X) out the m'l s of
ti trant to eaeh }'"'E;spect~i ve pH.

6. Ca"lculation:

p, X B
f\!o \<·'·l~ll::'.' 1"I 'c"'J\/' I'~tl ~-

, I L~ , ,.. -£) 3~o5- X(~ t'·JhcY'e; !\ ::: nOtP·:a.l i ty r~a2CO')_ J

B := rnl Na. 2CO ..
o

sol. taken for titration

C ,.. ml of (lei d used

7. The titY'().nt shou'lel be standardiz(~d at a rr:inirnum of once' E~ver'y 7 d<JYs.

Sa.mpl'inq Pr-ococ!u('cs

1. The sdmp'le \·d,'j·l be tah-=n in Zt 1. 'l'it(~r' hottle that has lwen \iiiShc'd by
the r'linn. 1J(~rt. of HCJlth, f)'in';(~ 3 thncJ$ \,rith UI(J Sliptplf.> \'iclter~.



Pa~JC 1O~)

a ciJlibr'(it'ion curve \\rith teriJpcral:ure as tile vnl"·iDh'le. The probe
ShOLl'1 d be ro,,· p1a..h ni zeel month ly .

80th "instruments shou'!d be kept \farm (above:' O°r.) before usc.
Tll'is may reqlJ'iy'e puttin~l them -in 'insulated contahlc:r's.

nH Procedure.t:__~ .

1.

2.

')
~.

4.

5.

6.

pH rneasuy'ements should be rna.de insit,u) if at al'/ possible. If not,
pH rnust be m(?asured \'lithin 6 hours of collection, unless del.ta, as
to the sh'ift for that specific s'jte, shm\' there 'is no s;gnif'icant
shift problems (0.1 pH unit) in holdinq beyond 6 hours. The time
and date of t2adin9 (if d'jfferent from the sar::p'!'ing date) must be
written in the field notes.

Use a 1 liter ~jenr::ral parameter bott'l(;~; r'inse the bottle 3 times
vrith s(~rnp'ie water. Take the sarqp'le ndd~stre;:~rn below the surface of
the \'·JatE:~Y', Fi'!'J the bott.'le as fu'll a.s poss·lb'le. Try to let as
little air in the bottle as possible.

Store bottle D.t 40C, but ptevE:nt from f'reez'ing.

Calibrate the pH meter with buffers of pH 4.0, 7.0 and 10.0.

Invert the salnDle bottle rapid'iv 20 t'irnes and r'inst~ the beaker" vtith
the sarnp'!p. Pour the so.mple in~ the beD.kef. St'ir the samp'!Q slm'(ly
by hand or' w'ith a. nV3.9netic stirrer'. f-":casure pH; make sun:? to let
the meter equilibrate for at least 1 minute before taking reading.

R'lnse bea.ker a.nd e'lectrode with c1e'ion'izGd \'.Jater.

Insitu Readings

7. Ca'i i btate pH moter as in step 4. Pl (JCt; probe 'j 11 the str,etH;] at
mid-stream; let equilibrate at least for 1 minute; read pH.

t~f::thods for' Ch0.rnic(}'/ Analys'js of \<!ater and Ua':;tes. 197'6~ Table 2: vii'i.________._. .. .._ .. _ ... _..__-.__..~ ~_ ...__l _~__ .._'_" ~ ._...._~ ..._~_--.._ .......___.... +__- __



PaCjc 10"1

3. 1\f t er s t cr 3. 0 r 2, VIh-j chevr. r -j S (l PP'I -j c c~ h'I e; r 'j nset he. bott '/ e 3 t "j mes
vJi t h d'j s til 1ed deion i ? (:d h'ate r . P1(\ CC 'j n Z'i p10 Ck 0 r \'J h-j r 'j - pac
p1as t 'j c ba~!sun t'j 1 use.

F'j 1t erUn 'j t PrenE! r l:l t 'j 0 n
~ ..J._.. _ ....__• _

1. Rins e S\'d nnex 0 r as eptic un i t \'J i t h 1. 0 perc en t I ii'1 03 3 t 'j rne s; use D. t
least 50 mls each rinse for all rinses.

3. Put a .45v Millipore Membrane Filter on the filtEr holder, rinse
fi 1ter' and urri t \'Ii th O. 2 percent H1W') three t'irnes.

J

4. Rinse unit with distilled deionized water 3 times.

5. Put filter' writ into a z'iplock or' whitl=pclc pla.stic bo.g and keep
in as clean aD area as possible.

Use in Field - Field Filtration - Stream

1. At site'J~; catefu'lly p'lace a prG\\!a.shuJ 60 ml bottle 'into the bottom
of the aseptic or swinnex unit. Filter approximately 40 mls of
water through the unit.

2. Take off the url'it and carcfu'l"!y put ca.p back on bottle; i'(·'move from
unit and shQ!~(; at least 20 seconds. D·i~;cD.rd this V;clter a.nd repeat
step 1. Ta.k·jn9 a 60 m'l saJnple.

3. Rerflove the bottle (IS c!cscr'ibed 'in step 3 and acidify the Si:J.n'p·'e \·'rith
0.1 ml HN0 3 to 60 mls of sample.

4. Cap sample a.nd place in a sealed p·la.st'jc baq u.nt-il sh"ipped.

-A'Take all samplE~~; upstream from all T~(:arh'y meta"l objects (-ie. sta.ff ga~Jes

\ye irs, etc.) as c los e to In i d.-. dept h rn-i d~ s t r eeqn asp0 SS -j b'l e .

us [PA 1'~ etho cl 5 by Dr. ~J 0 hn Pol do s k'l) 19'7C.

Tot.:t 1 Il:eta', F'j c'l d Procedure
-------~.~--.---------------_.,~..... ----......-.-~~. --._---~ ..

1. P'lacc strd:ioll c!a.te and the letters Tr-'i on a strip of maskin~J, tc\P(~.

Thc~n put the! n-:2~;!dnq tape on the' Lott'lc:; sh:t'l UJI~ bottle -in a
v/ldrl~pac 0(' z'ipluck p'la(;tic L:,(l, I;ccp the hntt.lc:s in ilS dustfrc'p
() n (l t etl () S P0 ~~~; 1Ii1(I •



8. T"itrate as soon a~; poss'ible.

9. Ti t r (l t e vii t h II Cl ch r!l'() • 0375 II un t: i 1 t h0 S() 'I ut..i 0 n t u j'ns d 1-j ~:I ht
stra\'1 color"~ ode! a fei'" drops of st\:'li'ch ~;olutiol1:> t"itrate to c"lear.
m1S 0 f "U t r (j to::: D.O. i n In~d 1.

YSI r,lodcl 54

Ca'i i bra t ion

1. The D.O. met!?!" must be cal ibrated \'/cokly pr-ia!" to sampl ing. The
membrane should reIna-in \·n.::t in stoY'a~lc a.nd dur"lrlg transport.

On S·)tc

2. If in a moving stream, suspend the probe at mid-stream in such
a \'';0)1 u.s to let v:a.ter pass fY'ccly (!cross the rnc:li:braneo

3. I\djust zero and red line on the 'instrument and then put s\'1'itch
on D•0.; '1 et the rn 0 t ey' set t 1e for CJ. t, '1 ec( st 1 n'd nute; )" ead the
D.O. d'j teet'ly.

~" In a lake:. after putting the probe G.t Cl. specif'!c 'leve1 5 rcl."ise and
1m'lel' it 10~12 err: slovt'ly and s:roothly. Take the r'eadin~l as in
step 3. The movement pas ses Via tel" c~c ros s the lne;rlro. nc to -j nc y'eas e
the accuracy of the reading.

Ca1'i bra-'ci on cf t<eter

Fill a 1 liter beaker with water, carefully pour off 300 mls into a BOD
bottle and follow steps 4-9 on pages 40-47. After the DO is obtained,
careful'Jy p'lace the prob(~ and t.he ren;2:inc:cr of the ",'ater 'into the beaker'.
St i r 9ent '1 y, C c\ 1-j br 3. t e the 1"1 etC'r tor-e2'1. d the vri nk'I el' val ue. R.epea t t h'i s
ptoccdure at least once rnor'e to (~ouble check c(~lib)'t~tion. The cal'ibtat'ion
should not vary fl10re than 0.3 ppm from the fir'st viink·le·(.
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pro ~n' c_'_ rn ~ t hC' melX -i Ii: lInl SIyj f t Cl CCcpt«Ii 1e -i sO. 1 PII LJ Id t 0f' [J 1. 3 PcY'Cl'nt

hold i n9 t'j rn c, dat\"1 \'!ere co 11 cetcd c) t the Et>j - 1 s -j t e. [f.-j~ 1 ~</ (J S Ch0 sen

because -it is an "aycraqo" s'ite in the Unnamed Creek drainage and reprp.-

sents the outflo\'/ of the \·!atershec1 • To delineate the:: time invo'!vecl for

the shift, pH readings were taken on five separate samples with time

i nt er vCt 1s f '("0 lJ1 0 -to (~ 6 h0 ur s crab1e 1). The res u1t s show t hat t hf' "ci Ine.

of> . 1 s rd f tis betVi een 5. 6 an cl 26 h0 Ut S • Thesedatau r e not conc1us i ye

and furthGr' study '1 s bei n~J dOli:; 'j n the af'ea, but foY' no\'! it \'ri 1"' be

assumed that the rnc;.x·imurn !lo'ld'ing t'irne is six hours foY' the l'nncmed Croek.

drainage. This tilre is also \<rithin the recomlT!end(~d t'irne Qiven by the::

somewhat from on~ tributary to anothE.~r. To definp this va.r-·iclt·ion~ both

ins"itu pH 1"e;1(I"ln9S cl_nd lab Y'eadings ,-rill be taken. These ar'e be'ing corn"·

p-iled in TablE~ 2. As of y(;t~ there is 'Insuff'jeient data to ShOVl any ;)hifts

Occu,-~Y'ing in <6 hours. Data \'rill cont'il'lue to be collected and if a si~lni·-

fi Cclnt s hi ft is found b(~fOto 6 ho urs ~ the ho 1d'j nfl t-j lnc~ for tha t site vii '1'1

be adjusted acc~rdingly.

The mean

percent variation for 45 minutes was 1.~ percent Dnd ~ean unit variation

of 1. L Th-ls type of sh-ift is not \,!'jtiritl (JccE~pt()blc to'lcrance ·i'irnits.

Therefore, all pH readinqs are taken 1nsitu at this site.



Table /-. pH SL1b:Llity

UnitE; Difference C/ VarLi Lion/0

Site Date Time 1TOln's _J21L_ from InsJtn from Tnfd ttl---- ------ -_._-- -_.- .-._-_.-.-.---_._~-_.- ....-----~----_.--

Em-·1 [i/12/76 1600 7.55

8/12/76 16/:5 .OB 7.50 .05 .66

8/26/76 1500 7.36

8/27/76 0900 19 7.95 .59 .25

9/8/76 2030 EN-7 7.90~doublcs
Eli-I 7090) .10 1.3

9/9/76 0945 1 ') EM-7 7.901:1 b-J_J

II EN-I 7.eO)QOU les • 1. () 1 ').J

9/16/76 1215 7.85

9/17/76 0830 21. 7.98 .13 1.6

Ins:1.tu
Em--3 8/26/76 1135 7.82

8/27/76 0910 16.7 8.09 .27 3 r;• .:>

Il1situ
9/8/76 12L~5 8.30

ll~55 2.2 8.19 -.11 1. Lj.

Insitu
Em-L~ 7/15/76 0855 6.40

1600 7 6.62 .22 3.3

Insitu
8/9/76 1120 7.g0

lL}OO 2.7 7.55 ~.25 3.2

Insitu
8/26/76 1135 7 . L~ 1

8/27/76 0915 21 7 . L~2 .01 1.3

'Em~5 7/2/76 0915 7.35

7/3/76 lLt!{Cl 3J 7./fO • OS .60

IrlSi tu
8/26/7{; 0920 7.eO

8/27/76 0920 2 L~ 7.93 • Iii 2.2

In::dtu
9/n/76 Oe30 8.10

1/120 6 H.20 .10 1.7

]li~::;Ltu

10/j/76 ()~l I j 0 7.7n

lO/(>/7F, J .~ JO ? f~ 7. (jG • ?() 3.J



The Potcnt'iOP1E'tric method -is used foY' detcrminat-j·on of all~l]'lin'ity. The p!-f

is adjusted to an endpoint of !j.l for total alkcdin-j"'cics ::30 mgtl caeo,),
...)

to pH 4~5 foY' <150 m~~, to pH 4.2 foY' <sno.

Seven pa-l ('S of daub1es V/Gte eJ.na lYZt~d in the 1ab from i.lnnan~ed Creek on

varying dates from July 1, 1976 through October 5, 197G (Tabl(~ 4). Th2

vari at-j on ranged from 0 percent to 2.8 percent, the med-j 0.n be'j ng 1. 7

percent and mean of 1. [:i percent. f\ thr'ec~ perc ent va l"i at ion ina1ka l'j ni (y

between i dent'1 co. 'I sa.rr:p 1es is expected. Thi s Vu ("'-j at ion is qu 'j te 1a Y'~jS, a

mot"e accurate buret vlill be used for tll'is pCJ.tametrr soon~ \':'fl'ich w'i'I 'l.

increase the precision of the titration; hopefully reducinq the percent

variation.

Alkal'inity Stabllity
~ .......l._~_~ __._~ ..,~ ...._ ...~

Heea us e of the extr'crn(~ c1'1 rna te concH t'1 ons -j n th0 ['I y e:.t rea, it -j s very

diff i cu1t) i f not i mp 0 Ssib1e;l to p2 t form Cl Ccu(crte titr 0. t 'Ions 'j nthe f -j e'l d

on a ra uti nebas is. The I'efor' e:> i tis extr cme1y d(;s '1 tab1e tot i t rute -i n

the labora.tory. Hovlever, alkv.l'ill'ities a.re knm·m to be sornevvhat unstab1e

\'!hen stored. In order to dctc:nnine ;:;tc'tb-j'l'ity for the US Steel and UnntuTled

Creek ar-ca, a sta.bility test Vias performed.

Er~-·l is cons'j dercd an II aveta ge" rep rrs en to. t i on of Unnamed Creck and

represents the outfloVI of the \>·!ater·shed. f\ t-itl'at-jon vias n:ado in thG r-ie'ld

in,rnt:d'iately clftcl' somp1in9 th(~ site (rri--l e]]3~~) (\llel the' other t'itra.t'ion~;)



"PaCjc III

Tnhle (1-. /U.kal:fnity PrcclsJon,

To tDJ.
S·tt<· Date }/[p/JCnCo, VarJaUon 1< \};:lJ~1.nt:i()]l

- __~ . . .u .--------=-t-----.---··--.·.-----.-..-----.------------ ----- .----.-----.-_....:- -------.

Ern--tf 7/1
26.8 0.6 2.226.2

Em--9 7/15 132 3.0 r"J ?
135

L___ • .1, ....

Em-2 8/12 9fL g 2.8 2.896

Ern Seep 3 8/26 99
1.0 1.0100

em-I 9/8 117 2.0 1.7119

Em Seep 1 9/21
220 0 0220

Em Seep 1 10/5 213
1.0 O. tl-

21~

Table 5. Alkalinities stability with tim2.

8-10-76/1135 ImI:lec1 in t ely 106
II /1138 .05 103 -3 2

II /111r5 • 12 105 --1 1
II 11315 1.7 110 -4 4
II /132 /+ 1.8 107 1 1
It /1330. 1.9 10/j _.') 2."-.

II 11525 3.B3 lOLl- -2 2.
It /1535 LI.O lOLt -2 2.

II /15[10 4.2 104 .- 2 2.

Hours TotCil ~~

. D?_~ e / TiHt~.__Ti t r 8. t ~it .J~jJ:-Ca_g.Q..3__.__Va ~:h£.l:.t :L.~l_.__.. Y-a J) atJ. on __(A) Site.---

Em-I
II

II

II

11

II

II

II

II

(13) U(' (' 8-10--76/1035 lm·media t c1 y 1. 0 >LJ ~)

II 1HJLrS . 17 LO 0 0
II IJ050 .25 1.0 0 0
II /1500 L1" Ij 2 1.0 0 0



Pit ~ li'~ 119

COJ)d uel' ,} ne () va r j .'.1 l :i on Fi t 11 LLIM"2.

Spec:Lfic Units Difference /~ V3r:Lation
Locntion Da te/'Llme Hours Condl.1c.t,:1Tlce from Ins-Ltu f-rom Jn~;J tu
-------- ----------.------ --- ----------- --------- ----..---...----- ---------------

Em-·J. 8~lO~7G/1210 566"

\I /1215 • OE~ 570 If .70

11 /121G .10 571 5 .87

11 /1217 .12 5-'') 6 1.01,,--

8-:11·:76/1245 24.5 600 3£, 5.7

11 /1250 24.6 597 31 5.2

11 11255 2ft .7 577 10 1.9

8-: 27':- 761 1435 694

11 /1500 • If 2. 69 f+ 1 1.0

US Steel 8':11-:76/1230 366

II /1233 .05 365 .27 1

If /12.35 .08 362 1.1 4

II /1320 .83 342. 6.6 2lf

11 /1322 .87 363 .82 3

11 /1323 .88 363 .82 3

Unnamed Creek conductance at site Em-I varied from .70 percent to 5.7 percent
in a m;:2xj lilurn t :Lme peTin d 0 f 2. I j • 7 lJo 1..1r s • Hm·,' ever, t.hc: maximum vaTia tioa c1 i.c1 no t

occur at: 2Lfo 7 ho1..u:s) but at 2.!-l. 5 hours. The varj(.:tion here, assuming t.he Barnstead
meter- could vary \.lP to ~~7.0 p~rcC'nt, is \,'it.,hi.n the prccir;iol1 limits of the meter.
T1Hc;rcfnrc} thc~ rU;;':iumptJon i::, l~;;'lClc U'lai: up to 2/t hour~;) 'Cnn;l1Ticd Creek. specific
conc1ucLlnce docs t!ot c.h3nL,e I;'c':1surably.

The: US Stcl'l c1nt.n J_P..~ at prc;scnt, inruCfic-ient to be.' f;t:alistica:LJ.y cJgn:Lf:Lcant.
l'~ore dateJ \·::l11 bc: coJ lce-ted.



'L,hIe 3.

Specific
Cancl ltc.lane c~

Station Date ..:!:-~~~1_~')_.§_~~.!~__--------_..- -------_.-

Em~l 8/10/76 566
571

II II 571
572

II 9/8/76 655
651

Em--8 7/21/76 2079
1950

Em-~9 7/15/76 1811
1718

Em. Seep 1 9/21/76 3809
3703

Em Seep 3 8/ 2!t/ 76 19!+5
2569

uss 7/29/76
31.f 9
346

USS 8/11/76 366
365

Un} ts ))1£f c'r('nce

fronl In tu

5

1

6.0

290

93

106

3

1

% VariQtion
fro Til I-n ~~; i t u.

.87

.17

.91

6 ?
• .J-.

5.1

2.8

.86

.27



r'il uc 1? 3

DJSSOLVFD OXYGlJl

Gener'(ll

is to determine the n:lative presence ot absence of oxyqeil "in the vlater flS

it re'lettes to the a.bundance of oquatic l'ifc -in the sttcam. There are two

methods Llsed, in the leaching progY'iHll, to dctennin(:, C['issolvcd oxyqcn:

1. Th(~ Ha.ch ChcmicE\l Company azide mod'ificat"ion of the vtink'ler
method; and

2. Ye'l'loh' SPY"in9s InstY'ument (Y51) model 54 dissolved o>:Ygen meter.

To determi nt:: the preci s'j on of the Hach t1lethQcL e-j qht s&mp 1es \'.:ere tcd:en from

the US Stee1 pi t beb'/een 0945-1005 on J\U~1US t 11, 197 [) ("fa b1e 6). Thes e v,rete

(icid'jfied 'in the f'ield and t-rtY'atcd in the ·IQb. The petcent var"iation fron

the mean was .66 percent.

S'incE: the YSI r::etcr "!etS obta.ined on September i:; 1976~ -it has been ca"I'i~

brated three times just prior to sampling the calibration. Check results

were:

!'link'ler
mq/l dissolved

__~_._.Da.t~ ~._:..... g,&SJ~~~~l__. ._~__J.SJ:.J3.~~9:.UJSL__. ~_J~_'L~T i~tJ i 0 fl

9/7/76

9/20/76

9/ r:IO/7r:~_ L. ..' L

8.1

8. ti

8.9

8.2

8.5

B.7

1.2

o
2.24

The method of ca-l-ibra.-Uon -is described in the, procedure sE.~ction. Thf~SO

fiqures are net yet sta.-t"istical·ly s·i~J,nif·icant. HO\;,1ever~ if the 'instrument

pc;r-fonns a.s \'/ell in the f'ie'ld~ the var'iation should be unde!' five percent.

Further' study i'ri'll be mad(~ Uris spY"inCl on the precis"lon and accuracy of

this instrufilent,



In sur::mcJry, the {1cccptablc viH"jation for d-isso'!vcd o>\Y~lon, for' the lf~achinq

proqY'cun, \\'ill be :15 percent. f\ prf-~cision belm'.! :1:2 percent \'lith the !-lach

\'.!inkler method has heen observed to c1ClT.0. This is \·;c"11 under the five

percont l'inrit. HO\'lever, further elata. are btdn~} obta.'inecl on th-ls method.

The precis-ion of the YSI meter is :1-.3 percent; as of 'yct~ this 'is not sta.tis­

tic () 1'I Y s'j qI'd f -j can tand f Ul' the r' studyon t his i.s bE~ -; n9 m:'l de.
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PJJPEIHJIX III

FLOH DATf\



1\ 1\,(.(
(:, ('r·k

Pi.tfjC 12G

u r'~ I n-::D STI\rL~;

DL:P!\F<Tiv1 EN'r Or:' T ~-fc I N'I'Ef~!Oj~
C; F. 0 L ()C I C f\ L ~:: U f:( V C. Y

Vy'I\TCf..: HU~OUHCLS DIVI:":.;IOI'-J

//J/)/II / (~)

G a~~(' Head to _. _._ _ , ~?~,.;~~~~ a n~y by .._ .
C ~:r:(' 11 C' i f~ h u~ It sc d to han tc n ih:< h(.'l "" (,C'T! _•••_•. 8.nd _._ .... fcc' .

!:undn'd(h:; hdPH' :!!ld lenni?, ld~c);'{' th'.':-:e limj(r;.
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f"l' J')8
,d~W ,c. UI~IT[D srATF:::;

DE:P/\t{-rrvl f,f\jT' OF Tl·:C I NTET:IOF{
G L()LOC~ IC/. L, ~_;u r{,V EY

V,I!, n I, !{I' r,O\IHCES DI\/ISIO!'~

5~ ~~ 7/"
.-:------'-----~-"---

Gll!~(: !ti:irJdf;; \~':l'(1 to h:llf (crith:,! heiwc('},<-__ .. c.l1d _...... f<.,,,:t~

}l\llldr('dUI~; k'!lI\\ and (c)lih!, ,dlO\'{: th·;,,: I:li!itL~
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PYPENDI X xv

ErzROR ESTli':PiTES



[rTors -ill flo\'/ are based on the c>:pcricncC' dIll.! .-juc!c!emcnt of the person

Each rneasur('r:1\~nt -is rated as to its fclidbi'l-ity when -it -is taken. J\dditional

\\/Ork ,,!i"ll be conducted to better def-inc f"lcl\'! IT:2~]SUrernent errol".

Tab1e I. Error's oj n flo\'l rneClS ureir~c:nt (Percent E~r'ror)

±10j~

:tl0%

------------------>
------------------>

------------------>

±5%

±8%

Et-i- 3

Flo\'/ Hen; rne
~---",--~_c'-------ri----'-~~---'------------'-~--'--_v---------------------------

Stat'ion # If LOi'f I-1idrange H-i 9h
--- . i-----c-------~----- ------.-.-,~---.-

1
I
I

I
II
II

'I
II

Seep 3 II + lOr :1:8:& ±5%

Seep 1 Ii - :-:--.,-_ ..._- _.-.... +1.')':' -- -- ---- .,--- ....-_ ..... >

---~~:_--.---11-,.---------._..__.~~~-~.~~.------..--~.-..-.-----------.---

The error' in the loa.d "is uiven by tht: eY'roY' in the concentra.tion plus the

error in the flow measurement.



Par ('(1;1(:' l (: r : 0 t heT (Cc1--T)

Ta b1L I I

Ave!~'J.[~e

X

% Error

D:! fFerence. IvJ.- vr,\I J.\ --~ X IOU
.__1)~_L=-0LL__~ ~ ._.__.. _

9/2.1 Seep 1 t 132 .136 ±2.99



rI il ~J P :I /1 ~)

PcJrawc.te:r: Zn T
_~ .~__ r ~__ ~__

Tc1blc IV

% Error

Avc.~[Jgc DJffercncc.
Date Station Xl X2 X IX1<x21

---~._-_._---- .._--

7/19 EH-g .020 .018 .019 .002

8/26 Seep 3 .330 .335 • 3~3~1 .005

9/21 Seep 1 .125 .125 .125 0

L~X21 X 100
X

±10.53

±15.02

o
L: 25.55

e ~ 8.52



Ti) I)1c VI

I~ Error

AVE'_l~ap,e Dtf fcrcllce I)L~~2..1 X 100
..__~.n t ~ Stat i_~:.~~ y 1_.)':?=--- ..__x 1JJ~_2~J . X

7/1 Elf-I} .53~ .755 • (1lrS 0.22.

7/15 EH--9 .OGC .063 .065 .003

7/27 EH~8 .050 .0/-tS .OLf8 .005

8/12 Elf-2 .02?- .022- .02.2 0

9/21 Seep 1 5.96 5.70 5.83 0.26

±lO.42

o

L: 53.61

e = 10.72



Avc£[J fe

~~ye_......-:::~~atio~.__~_?.:J X2 X

% Error.

Dlffercnce I~ ill
I I

.~1;..:,? X 100
X}_':J~2_ X

7/1

7/15

8/12.

8/26

9/8

9/21

10/5

E1-1-9

Ef+-2

Seep 3

EH-l

Seep 1

?Seep 3

26.8 26.~

132 135

98.g 96

99 100

117 119

220 220

213 21lt

133.50

97.40

99.5

118

220

213.5

0.6

3

2.8

1.0

2.

o

1

i2.26

i:2..25

±2.87

il. (n

±l. 69

o

iO.47

2:10.55

e =:: 1.5]



r(l ~J r: l~) 1.

Pill'<-tTliCLcr: Ibr dn(;Sf)

7/1 EH-!~ 36

7/15 D+-9 1113

7/27 E}I-B 13/+8

8/12 El'·f--2 505

]lveE.-age.

X2 X

36 36

1052 1082.5

13{~5 13/.{6.50

505· 505

0 0

61 ±5. 6[~

') ±0.22..J

0 0
----
L: 5.68

~

1. 42e --



Table XII

}l<ll'i:lllwLcr: Cl-----------.."-._.......-_~--~-

Date Station
----_.~-_.--,----

7/1 EH···Lf

7/15 Elf-'9

7/27 EN-8

8/J2 £11--2

8/26 SE~ep 3

9/8 Eli-I

9/21 Seep 1

/~ Error

Average JHf f erenee 1-"'1" yr) I r

, r -: I, . " I j, ::~,::.I.-~, X 100
.XL~_E"- ), ._~~1~~2=- ~ . _

1.31 1.20 1. 26 0.11 ±8.73.•
39.1 38.7 3(;.90 O. L!O :1:1. 03

45.3 Lf 2.7 It/f.O. 2.60 :1::5.91

58.1 63./f 60.75 5.30 ±8.72

38.5 36.0 37.25 2 r. ±6.71• .J

29.5 29.5 29.5 0 ()

36.3 35.5 35.90 0.80 ±2.23
--._,,---

)~ rJ') ')')
J_> • _).J

-
If. 76e -



l) ::l (I (.1 'l r; I). u ,j~. • ~,

Parameter: DOC

Tab'le XIV

% F.rror

Ave,!"-Clgc DtffcrEnc.e 1.xl.;;x2.. 1 X 100
X2. -X-, IX}~~~>;.,tl.. )~ _

7/1

7/15

7/27

8/12

8/26

9/8

9/12

EN-9

EH-8

EH-2

Seep .3

EH-l

Seep

27.7 28.0

26.0 27.7

20.0 19.5

16.4 20.9

23.8 23.8

28.1 27.7

2.7.85

26.85

19.75

18.65

27.90

23.25

0.3 ±1. Of;

1.7 ±6.33

0.5 ±2.53

4.50 ±2l~. 13

0 0

O. l~O ±1.ll-3

0.5 ±2.15
-----.I~_._.~

L 37.65
-
e - 5.38



7/1

7/15

7/27

8/]2

9/8

9/21

EH-9

EH-2

EH-l

Seep 1

.oos

.Oltt

.019

.007

.004

.091

.001

.023

.013

.006

• OO~t

.012

AVCT:-.3f,C Differenc.e
X _L<1'-X21

.003 .004

.019 .009

.016 .006

.0065 .001

• OOlf 0

.051 .079

% Error

l-Xl-:2C21 X 100
X

±133

±~7.37

±37.5

±15.38

o

:tl55

L 387.5

e ~:: 64.5

Hi. F!;h R.s n 0;e
~...........~_ .....~ .............p,.-""-.""'-

8/26 Seep 3 .617 .6J.7 .61.7 o o



% Error

AvC'rag e Dj fference IXl'~Y') I (0-- I, I .,,-,. ;::::!-'J._ X 1J l-

X Xl-X? X------_.._-..,.-~---------------_._-----_._'--------

8/12

9/8 EH-~ 1

.044

.123

.049

• J.30 O.12.CS

• 005

.007

±10.1'5

i5.53

1{~J~h_l\,a,PJL~

7/15 EH--9 1.66 1. 61 L 64· .05

7/27 EH-8 2.00 1.97 1.985 .03

8/2G Seep 3 19.8 19.2 19.5 0.6

9/21 Seep 1 ~ FJ:/~2 .88Lt .878 .012

±3.0S

iI.51

±L37

1: 2.6,29'



~~ Error

Difference

IXl" x21-_--:

Avc:£age.

._ Da_~~ ~~a t_~,?~ ._.__~__ X2 ~. x

7/ 1 1.12 1.11 1. 115 • OJ iO.90

7/15 EN-9 .175 .179 0.177 .004 :12.26

7/27

8/12

8/26

9/8

EH--8

EH-2

Seep 3

EH-l

.090 .099

.056 .0&6

.733 .752

.155 .J7L~

.061

0.16!t5

.009

• Cll

.019

.0190

±9.52

i16.39

:t2.56

ill. 55

9/21 Se.ep 1 7,07 7.20 7.1350 O. 13 ±1. 82

r It 5. 0

~ - 6.43



APPENDI X V

C!\LCULf-\TIONS FOR \'!/l,TCR

STORf"\GE IN STOU(P I LE



sc:c(' P 3 Ca 1cU" i) t ion

fo r the flO\'J a t Sc~ep 3?

Average discharge of ~

time
.1 cfs
100 days

Total volume .1 cfs X 100 days = 10 sfd

An estin~ate of the flat al~ea in the stockp-lle is:

feet

600 I X 600! ::: 36 _X __lQ~~_ f:t~~~_~__ ~ 8.25f"C

4.36 X 104 ft 2/acre

or theY'(: \vou'! d only have to be approx·rrf1b.tely 7 inches of V-later' over this

area to pl'ovide adc:quate vioter' for flm'/.



APPENDIX VI

WATER QUALITY DATA



HATER QUALITY DATA
Unnamed Creek Site EH-1

7-1-76 7-15-76 7-27~76 8~12-76 -8-26-76 9-8-76 9-21-76
--:::

r-;

,......

---.:::-

C·,l-F...,t-,e:,
Vt......J....J-UI.... .....

. : : I I I ,

Dissolved OXYi;cen i 8.6 l i 7.8 ~ 7.95 ; 8.6 ! 8.3 I 8.9 i
,.,.., (0 ). . . ! 1 () i r, 0 I l' - \ ~ n \ ~ (w'""" "" - .... r ,.,... , ,/ I '-' '1 "1'-' 7 q r
L._ ...:h.:1 u !.. U J.. e , C I ~ b ! /- . I \ L 1..". J.. ! .;,. L • "- 1 UI i I I I I• _ • 0 "ry . o'! I r. ")'"1 0 or-e: -, I 1 (' ~ I () • b~' I 9 . 04 ./ • 2 I.~ 1 I I '5 • /- L. . - .- J I
'.J_..l._~ (. 1 I j 1 1 I

Cl-:1oride I 31.9 I 52.3 143.2 I 32.3 20.9 I 29.5 1 27 . 5

I 2lJ.9 l 323 ! 4·45 I ISO I 243 ! 2[.l2 I 277

'Ill"".I,),,,L

.cel

T". "1 ..
.t.J].SSO.LV2a n-- ~ C b I j L"''''/ II 17 0 I -r ("'I r; I 07 1 '2" 0 .-, Q .. 1 r n~~"1..Lcar 0n _. I • 1. 0 • .,/ _ ~ L. • £+ I - 1. ' L u • .l 1. , ). oJ 1

"". ~ . I In 'I ., 1') I I '"., n I • ..., - II - ~
l..-'J.. ssoJ.."."ed Inorg<:;i::lc Cexbon 1 -L:-/.L. ..).4 1":,.',,: I L'./ . ll~.2 I 9.L~ 27.0 i

• I )1 -I! I

r", ... .,..., .1- .... 1 ! CI(\4 rJ 01C, on"" lon', on..., I ""c-'_~_~. ':l D !2 1., l. 0 L.c'.L ( ." U l' V • I. -J I • I ,-' t..... • ) \..i .) • l..! i L}

CcC)vcr, E'il tered I .ooit 1. 005 I· nos -.003 .003 i .004

l-:ickel, Total J ..106 f· 161 1·171 ) .087 1.105 ; . 130 --=r-.~-100~l
I I I i \ .,,-# • .., F""" ::1 o,fln r

", 1'-~ I-n "'"'°2 ' !_\lCKe...'., lJ..tereCl • , . ~('j- •._.Jb !. j\,j ~\I(L_ .095 I .105 • J..10 _
1 I I I \ I l

T 0 T ,- 1 ' ?r=.O ! ·1(,1 ')50 I '1-/' l"'~' 1 .... - ! --~
.L r -r. , 0 L 3. .L I • ~ v !' ~\ 1 " /- i' l. 1. . ' j J i .:.J J I • 1J 1 1

i I I -) I I,
Ir~ Filtered I .239 I .121 I .109 ! .135 I- I . OS!,. I .101 I
Colcium, T()tol II 40.7 1 47 . 9 J 69.5 I 41.2 j'12.3 I 51.3 I [+5.2 i
Zinc, Total . I ! I I I I I
Zi DC, Fi 1 t erect i I I I L I I t
Cooolt, Totol I I I I I I II .001 l
Dischilr~e (ft 3 /sec) I I 1.68 I 1.01 I S.OS I 2.93 ; 2.49 .97 I

-< ! \ >- I ( I i

. I II { ! I I I '
ot n e r 11 1 ! i ! [- -+-I ----.,,1

IL~ ;:- d :1 C :3 S 322 I 470 - I (, 35 I 2S5 I para ipetcr de1e ted I

Blanks mean no analysis
P~l parameters in mg/l unless noted



HATER QUALITY DATA
Unnamed Creek Site EK-3

,
//-_.

_...~

>-:;

7-1-76 7-15-76 7-27~76 8~12-76 8-26-76 9-8-76 9-21-76
-
,-..,

Silic.:1

S'L~lf3.~e

. f 1 .., c; 'Y---:------r-.... ' - ,.., i p. r, I
pd I 7.5 ! /.~, \7./0 I /.71 1 1.()2 I ~.3 0.1 I
Alkalin:Lty _(mg!l as CaCO,.,) I 8L!. 1193 :

j

1

97 , 1 88 110ft I 1.02 106 I

.) I. I I 1
1 . ! [ I --'--:-----.<--

c: -" ~ ~'i .c l·'" Co ..... ..:: C. {- ~ ncr::> I I I I
~:-~,---"",- 'auU .... c.\._ ~ j, Ill! 0"'('] 0/,-' I :;nn I 7')5 I 4(,,7 C~i

" I \ I 4- ~ \, -' 1. .J 1 0'T 1 I .... \.? \.1 I <- I;J , v 1. I I
(:J1:::'1()s/c.m/ I I i I. :

l i ! j I '
- .. ., "f I .-, , I '0l r- l:'i ~ ....,. r 5 I n 3 \ 1 1 (\
,Lll S '" 0 .L V e Q ~I g en 1 .:). b b. J i ;;-. 1+ ---4 I • .J d.. i .!.. _ -, '.J

n . I If.. 5 1 1" 11 , i"" r- 1~ - \, r-; a .., 1TeT:i;) e I:":.1 t U r c ( '" C) ! .) , I t: ! ! J. ";J .. :J i I .. J ! 1. 0 -' • ,:" r

I I I iii .
I 9 J7 ! .,. n '1 ! "1 f'I "''J I i \! n ''''5 0 1 r) "I -'" I .L,...<. I l! j.. .:J.) I ::1 .. ,) _' .~ I, ,

, ! r II'1 ,r ; c .... r> 10C 1 n3 9 -;7 r. ,,:,,r 7 ,..." n IChloriJe I 1..,,'0.::;-: I·)..;·.l.. 1.5:·' L. •• o.) i "_J. LL!·o u !
I I r i----tI 331 1/+73 i 317 I 122 I 2:LS I 157 63.0 i

:-
'-""
C"

C2rbonIno~r:2nic

T'JtHl

Filtered

,.., .
LJ_nC,

C~1121"

Di8so1ved Organic Carbon! ~

'Zi~

I-~J-~5~'- -!-20~3-~- 116.-5----~ \---17. 4 1--21~o--~r2~. 6 - -1 7.5 I

~ '} 1" ill n L"I::- 5 I ~..., 0 i 1!!. I.~. I ., '" '\ :
~ 1 \ ~ -'-. ,.I .L -' " _ ! 1:.,.; I·l ..;.. -l L:7· ], ; .!. ~~i • C I

Cc?pcr, Total I .005 1.(j06 12cs I .003 I .003 '\ .n03 i .Crj:-: j
\ I I - : Iii I

c.-YJ? r::."r, Fil t ered I .DOlf I.007! I J"".J i· on '3 II' 005 i. no: !

:"~1·_1 ....,.~ ',I I 10/, ! ,:>r;n I ('2'') ! ",00 r -rOl, 1 1 0 i .r-,"".: .. l,_,'.;~; lut" I " .. j-,- J.')"".1 \""-.!- i .\j.) .J..'7 '1_.1. , ... .:../

I 'I
i

\- I r-- 1 I
,... , -: .,...., • , "I ~ r1 0 , ') r- ? t I ,.... () t::" \ I ...)~- f") I... I""" •

j', :t c. :': t::.!.., ;':' l oJ t e r 0 d • I . \.1 U .L • ; J '. I .. "';~! -' , • ~, ;} :-) I· 1:;, Li-
,; ii,"

l:-Ofl, IotD.l I .120 \.116 ,,268 I .078 1. 098 I· nil 1·(J'?7 T

T ..... ·1 d Ion") I .... rr, I~ n,-,r=t' r'f') 1 I j"'t"' ! _,r,_ J.4.::"Cll) L1~L __ te1~(~r I • j()L 1.• \).}~ I . .\:j ..) ....JI.J!.- .. lJje) J .l!.J3 1
. ! -r '- --- - ' i---r

C2J.CJ.U:::, Total I !.~7.2 ! 65./+ Iss. I.,. 34.6 fJ.G.O j 3CLG i 3?r:J. I
I ; I 1--- I I ! I
I I I" i 'I 1------r ' I I J I : (.
i I \ I I ' I, . I / I

I ! I , Ii I I ;\ \ I ' ! I !
Cobalt, Total !! I I 1 ! I .002 ,

~ ,l I r -: '/ i
"..: c ~ h '1"'" '-' ( 1= I... ~'j' c c:> 0 " : ; '1 .. r) I 1 /~,Q I r.; r:; "I j ~ 4 ':' i 2 f, 1 /) -, II)....)_._)t-....~I(_J...("...::. A.L 1Jt._,-) f ~; ...... .J.L I" rio - • ...,j : l.l,,-,L . L~ ..J l--'+..l.. 1 _I. /~

I 'r I I ( )' j' \
____________1. f I i i 1 j !

1 ! I -1 t I ; t
,J'1 __ 1on" S S ! ,-, r q 1 101'- 1 J '" 5 i ") r,r! . l" I
1 ., L l: ,,\,.-L...:~-' 'o) -f ,) \ L~ ,J I /... .!- J I Pa r [Wp t C T d 0.1 c· r:.: c: Cl I

::::;issolved

Blanks mean no analysis
.!! 1 1 n"'''''''~D1-p''''n -l n ''''''0'/1 unl css nnt-e, Q~,..u-. .t" U.t.. <.l.;.,-,-,,- _ ....... .L. V..J.- UJ. o {~ _,,- .... - ..~



HATER QUALITY DATA
Unnamed Creek Site EN-S

'r.;

"
--,-'

Sp,:~c:ific Conducto.nce
( . ,'~ ":.,., ~ I c~ '\
\ ,... •• :q-..'.:1. -::/ 1: \

I)i s so 1~ "'iCG O)o~~:r :2: en

-1\.: :-:~':l e r:..: t t.~ r e

S.; "\ .5- C.:1

Sulf2te

I) i_ s s () 1 ",,'" e d Org.snic Carbon

lot:]l

Filtered

Tc,t:J=~I:'-',):l "\

~;:.."'-: :::!2l,

.,.,.. ~ ""!

~\ : '..~ .~:~ (: 1. :'

~ r \ - 1

L2S j i;',:O I ·n~i; I rit)1 I 1'(':1 I (l'=:l I r,,/.(,• , .-' 1.. I ,. ./ I' ,~-..' .. ~. \...,~ ..' !. J -' ~ • "-' .~ I' - - - '.j

,·n,.... \ t..... '" : n')" I n!" I r:...-p, !I n'" I --c6.q. ':... llv1 !. 0 (; :) i. tj ,,- .5 ! (\ ," <.+ t) I. Co' '=' ..1 ... \):.-:. :-1 ! III j ~ .

J I , 'j i I
.J.-36 ! .[;7? ! .195 I .236 I .OC7 I .163 ! .O'~!7

________-'-,!I--C\-')- . i 0') - 1 C"~i" o'{~ ~~-",,--r-I"'" ' i n - .
I :-0;), F i 1 t ·?T e d ~ • i •• ) I') ,.:J I. J,j i • .'.~ : \" -' /. ;) • \ ,j .) L:. I' .d ~~

---"-----. " -----~ I' 'I I I
......... , ,., r::o 0 ,'-0 2 '11~1 n 00 7 C'fJ /1 I 0Q I} I c-q"" IL'.lJ.cl'-l:n.1otal. I -,'co • .,., L_/~_- ,'J':' 1 t...,;. ';Ji•• \' L, •.: ••') :J~,.:.J,

Zinc, 'Toto.l

O:::hcY' :

11:1't"CDCSS
I ..... ""
"+.J <~

I 1
I ;?? I ":'Jc
~ J_'~ L'u

BIan ~s I'i1can no aLL~ilysis

jUl pnr2~etcrs in mg/l unless noted



HATER QUA.LITY DATA
Unnamed Cre~k Site. E1:1-8

""::

7-1-76 7-6-76 7-15-76 7-19-76 7~26-76 7-27-76 8-12-7fi 8-26-76 9-8-76 ,....." -; C
j-L.l-/I~

..::"'

7.9

'/-: f"',
J-/""V

"'-";"...": :-7.3

..,
Ic- C..S._L

~. -:': ::-.::; e l' & t u r E:

c:: ;... C: 7

.:.·...:..:.,t2.. t.e

Sili.. ca

.- _~ ::~ :? C' ..:.. ....."::: c

? :.:

L 0 ~~ :'; c; ~ ,

J---~.-; --T 7. 1. ! 7. 2 1-7~-15 I 7,09 - -r;~~~-- -r 7. 10 1~~-~--~f 7.4 7. 6S
! t \! I .' i

-j-~-'1-:_-=-1-~-~-i-t-:-;~(-~-:g-/-':-,~a-s~C-a-~-~-O-3-)~~+I~~1-0-3~~I~-~-l~-~-6 I 128 I 133 I 12? I 133 I 124 I 130 I 150 l~S
1 ! ., . , ( 'r . I

C -', -."'"I _t f": r (.-, (-\ n ~ ~ 1~"" f- ...... ..... 0 I I 1 J I I' l J
,-- " ':: :..... .L ,. J. ~ V'_ l.:J ~.'~ \- ~ 1LC "-- I 6" ()! I 1 (" () ... '., ,":' I. f"' ~ ~ I) R0 I? 2 ... 0 'n (..: n (') ,'" 6 () r
( , j' , ; L ::J I I 0 J :J [ L:J '+ 6 I 19 0 U "- \ ~ I - :J ! L: \; 0 ''-' I!.. ''...',j
" -..- '":1: 0 S Cr:J) 1 I! t i ; (_____________~~ ~ I ! I I i j i

....,.: ::: ,... ~ l ~ r ,...• ;: ("\ ....~ roo.., i f 8 ~ ("> ~ I n "1 I -r..., I ~,- I.... • I
.....1_ .J ::0 0 ~ ,e '=.'~ \.: -,,' .:::,....... ! \ -, (;. L "..... j 'i ') I i,)~"1 I .., n h L!. 6 7 t:;.. ,......... ) ; -t .~ " J ~".. ! D_ -i ",' (~H' ~< 'i .!~

\. ~. L. I I -: ~ n j"1 ') r::: I" r, i) I ~ ....\ i) > C '"\ I 1 '1 - 1 ,.. r: \:; n (..-, {.,
-1. 8 -. _ ! :. 1; 1JV i L~J';q I:'.' 6"~ Ii. .~~, ~~ t-~9~ .~9 'I" c • :> ! (,. J i ). c ;.'~.~

_____________~ +~--(-.~ ,i.u\ !::;. J...- I' ';Y. 1. I ;;. ,y.+ I .U,' ! [ 1 ..'..-1. '-

r·. : '" r': ,< .... j ~, 1 r ! 1 0 I ') (' i '40 7 I ':l" I 4::; ') 5'" .5 !,..., 0 'J j ').) ."
...... :_~ _1..01;;. ! .,)4 • ..1.. i 4_.L 1 ..)':J.~ I'· I LJ.J.:;? ~ • ..J I o. ! L.'7.I-. I I JU.)

I l1 ! I \ I I • I! 708 \ 714 I 980 ! 1134 1 1203 I 1237 ,1346 l 1564 I 1635 j l.52~,
\'';c::::"l ·!--,~-.-('-';_-'J'---r-l-·-"-""'-:,,-~.~---II..--~-f-r:--fl--",-,,-,-r:-~l .. n I ') l,o! I ~ . 1 "',- C':' ; ':!,.. '-'. 1,,:::::
~. ~~ - ~ - ...J.. \ e... v ~ b a .. ~ -. <,.,;. L w. r ben 1. 4 .:J I L 4 • J \ 2 6" v l~' 6 . 3 ' 1, :1 • 0 I 2 0 . a I 2 1. • 4 I L 'J • :J ! -' a • ...J I J. J. • _'

r-----=-=------t i ! r-:- I I ; : 'I

Ir:;JrS2:li.c Cslrbon I 32.9 1 21.5 t 1.5.7 1~·O__l 21.;·.5 1 26 . 5 17.4 119.5 I 10.3 ! 3"7.5
~,' ,. !! - l ,.. I , r r I ~ ('. q Ii "i ! r • -: I "'" r
.to[~LL ! .0171 .Ol8 l .O~O I·OJ.o \ .016 i o}.U:' .0/..1 l .OJ.8 ~ .\)1; .eLl)

, ~.,~ -- ') - ~ ~ ~ - ::-. ~ ",-1 !: ,- ~ ,. t--()-,-~--\ r1 1 0 ! ~ i c; f n ~ L I 0) 3 f, O? 0 1 0' - I 0 1 ,- I" • c.,
',- - :. ::" ~ -, :: -'••:.. ~ r_ '. t..->, • U J. ,) I • J L oJ I . \.- 1. u !. \.J .'. -' I ••, .L :J i D • ( I' . J- i. 'J 1G i· J.i. D l .. ',,! 1 .,

---------I-----~ , 1 ' : 1 " r- '---
- ,~~ ••-' n- c', .,.. ... ., 1 Q 6')! ,. 'J. J:: I "I (" n ! c; (~n tie ,'\ 1\ 1 9- I.., /. 'n i r"'o '),- r r; /. r; ;,~ ',"

.' •• ~ ,. • ..:....., - '-.J L C. J... I • .; '..J i 1. • ~.:J t 1. 0 ',J !. .... U v I - • U ::J 1 .- .! 1 L • "r '- : L.. _' 0 I ,- • ~. - ! L • c. L

;~~.,:.~>~~_, ?i.ll:e:r:.?d --t .050 t .f+9Sl1.56 I .570" ( . j , '

-------. I -1"-r j! "I "" r I l' 66 1 J J l I 1" I 0 ~ 0 I ·", }---:-:.. i--.--+j--,,-....-,,,_.....-,l
J .. 'jl+ 01:1:) i 1..') 1 •. ~~~ i • ~L;. t· '::' ! .1..J/~. f .,c;~:) ! .1.39 I .L~~:'::

-----~--------;.:--,·i ~ 1. i·---i ! ! ; , --.t
:':·:c)l;.~ :;::'1~·?r2d I .102. 1 • ee)s ! .058 I· C)(lS l .073 I . O~5 !. 04.5 1

1 • 057 rl • 072 i .: ~,L" i
I I ~ , , I I I -l

--------+j-- " . - 'j r - 1-;:-~1-~-~:';;---'1 "" t I ,., I r .
'....~::.lc:.\.;i:l~ r~otal I 94.'+ J 143 . 0,).9 1.:; {t.• ! 16.) I J./6 i .i..l.4 1 230 2Lfl! I.L"G 1

I ~ \------!------r !', I .., ,... ~ --'-I' ; ", . r, r
.::. :.. n:::. , To t e.l ! I I \ l . 020 , . 0 10 I' 0.).) 1· 0 38 l' 037 I . Git ·.~i I
--------~--------I~----~l-----,' I' r ~~, ! n"" ~-! ~----1 ~,,~
7~--lC. ~.;l,... ered I I 1 I .vLC 1.·..;LJ 1.0.)1 I 0 1 ; ) '1"2::; I.O.L) \
.- - , , '. - - - l ~ ,\i -i t ! -1 ~ ...j -' I.· '4 ~ ~ I ;
,~ - '. ~ '1 ,. r-· r ;- ... , I 1 (,,' 1 ~ 1 Ii i ; ! Ti ,)
-, ..¥'\,-,~;.~t...., .;... __l(.,c..:..,;... i r ~ t lit I I ........_,J ,

'I I j. :,------1'------ ; : ! 1 ; I ~
::: J. S c: ~,.:.: :- c: (: C: t. ::.' / s ec. ) I. 26 I .2 1 i. 18 j. 17 I' 16 !. 16 !. 3. 5 ~. l2

~ 1- il-----~ --~r-- i t '~-----I -~------l
I I! !' -I"' (\ 0 - ni I I I I, ! I' !I (!:~'4-· .1::Jj i ! J ~ I

.----------.,;,.--- .------\------i: r I .: ' i----~
, . -' '.- ., - - I r. n I \ ~ - 'r l 1"'" I I 1 "]''\ r- i 1') f !'\ I' ~ " - n I ! • - .•,;, - - .. ~ ~ :.:, I .;) ") / / ~: 1 C,. ,," J .) ../; ; 1. :-} ) I .. -' '-+ t"'; 1 j .1.. v j D 8. r 21":'i etcr c. . (; ::: C:. c.

. --"-, "''-' ;-----~'7! ~ ~ " 1 ~ I

All p2r3~eters in rug/l unless noted
~12.~~;.. s E:e[1~n:1O ~n-::l~y<.'-r8u ~---.J ..... -



HATER QUALITY DATA
Unnamed Creek Site Seep 1

'pH

A1~alinity .(mg/1 as CaCO" )
j"

7-1-76 7-15-76 7-27-76 8~12-76 8-26-76 9-8-76 9-21-76

I 7.50 r-'7.0~ 7.02 I 7.34 1 7.50 I 7.3
I ---- ---- -

~_......

t..;

Specific Conductance.
(:;l:-;l~o -~ / CGi)

D~ ~~ :3 C Jv e d O._._x:'.."-l..;.g..:.,e_n ,

9-95

1
I ~

~ 1 1 f) ') I r: 0 1 r- ---I 1
L I ..d,· •..J ~. () J c: I! :\ \ ~.. ...J , 6.2 i

I '"" I"! ' I I ..j
I I '~r I ! 3.5 \ 3.0 i 2.0 V, i
i ~ 9.23 Q [.1! I r--- '
I .;' " - I I laC ')1 1 ...... u ...)

/0 (", ­
l~.,.~Te..::'_~ era ture

Silic.2.

. 125

36.3

.245.250

f,O R I >lL+ i I ~q -:; ] L('.-/
,. ~ • <J I '/ •. - \ - - • -' , ' u •!~8. 6

E-l

CIJ

........
,c..,

Inor~3nic Carbon

}-'i 1 t ered

To t.31

, ...
~~j'_~>:e.l_ ,

B':trGr~22.S

CCibalt~ Total

f
~,-_.. _ .

C' ''''''~ide r .-<"'.n~0, ! ._
S'Jlfate

I rc_.r~':"""l1..'---::-":::~:':"':::"-"-_-----------l

Dissolved Organic Carbon

::):Ls801ved

[---------,- -T--- ,

2!{87 I 2555 I IS3'? I 2190 ! 2105 ! 211nL

3' 5 I;n ~ I ~ , I ...,,.. I - 1 ;4. I LO.tj -J .)3.9 4-L.() )L\.J \ 23.5 I
i I I : I'-'r - I ~~ ~ I .-,- ~ - 'I I(1..)./ i _.... '.,) L/.t; I 2.).2 23.4 ISG,G

i I I I i

~=c,;.~cr, '101:2.1 E-! l· 051"'1 1. 019 i' 029 1·023 \ . 022 .. ~01 \
I I I ' "\ I ~

Co~_:per ~ Filtered 0 I \ 1 I I .019 !. C,=,q !

!
i ! ) I I

}\- ~ ... 1.._ "1 'T ~ -'"\ 1 .. Z ., O? '1 2 6_ I. 4 n. ~ • 0 l 0 Ci (~ I r: 1'..' I,
• , .~ ~ . ~ t.: , .... 0 L C..l. i----~ ~ . . j ~ ~.. - , ! 1 • \: .1.. • 1. i . -' u • ;)'. '-'

( I I I r, I
I \ I I 0.'::0 I .G!{S
i ' I ' \ IZ1 ~ Ie, I -~() ":: "'C I" 8 I "'.c:r: t J ,,",,"'- }l ...... I -' • -' ..l 1~" 1. J ,5. i 1.5 • \)...-' i i • U,I I

,,",l-~-~-~ -~r-~- --1 - - -- --~.--- -- . . '

T or- O :) "';:'.,'lrr--r:)cJ I ,...-, I I I I 1 f',"7 I r--,n
.J.. - ',' .....l '- ~ e . i 1-, I \ . ',.' I :::. / •...i

Cslcium, Total ! H J ! 19Lf ,233 I I 225 ! 22'5 i

I
r' I I

M":~,", '7' t-~1 f:-l i I ')~C' I 2~n!::-.J- ... __ , .:.. 0 '- l_ __ J. ~- J IJ_ • - -.J -J I ~ l

'7 ' h . ... • « I I \ j I. 1 ' I -L.lnc . .Lll.terea 1 I I I i .1_1 I .101

, I I i r Ii. "'-'_____, I t I .1,)L

Dis C h0. r g e ( f t 3/ sec) \:fl I. (;6 J . 0 (; !. 06 !. 06 t· () (; i. ns
" ---l- 1" I 1 )

n ;.. 1.. (>"- ! 1 r l I
~·,-~l._j_ -;: I J- i ~ •

I 3073.. I 2998 I 1853 ! D-sTc..r:let0~ dC'],.lt·pc1t-- ' j ! I !' _..I- -" 4"-! __

BLmks rnc•.ll1 no nnnlysis
J~l p3rameters in mg/l unless noted



HATER QUAT-JITY DATA
Unnamed Cre2k Site Seep 3

...>

.::::-

2S!C:O

9-21-75

22\C;{~l

9-8-767-1-76

(C ('\'
, v)

r";'\" .. ,\....f1J..orlc.e.

7-15-76 7-27-76 8~12-76 . 8-26-76
. " r r' ,I 6 Q"" j,.... (1{"\ I 7 ~ .... cO I 7""'''''' "":" ry"'" I").j.L '0.0\..: I 1.1 -J J._) .J.) I • .:...J I
i r 1 ! I I

! 68 \ 77 I 87 ; 99 I 127 II? II
! \' ' __7-1 +1__.__-:- --'
. 'I I
1 I I ( I

1 ..., I. r·.0u r; I')? I 'l C "" 0 I ,..,..., ,..,!., 1
\ 1 L'-i-V' £.. j •.J_ I LO 1 I 5/_..) . 1

'1 ~ \ \ i

"" ., , l I I l' ..... i~ A i I '1 '1 ! Q rL; l S S 0 .1 '/ e (1 L :(~·l g e 11 } ..l.. J.. l' :;' 1.1. 1. " )": I 1-.... L #,/ ~ C,-.. r- 0 (--., . -- \1' j ..., r- I 1 c: 1"1 2 '"' ,....
I .... ! 1 ~/ 1" L.o:J I .-1 j'./... ..).::J
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LOJ\DING CALCULATIOHS
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8-12 0.028 0.189

0.178

0.024, 0.109 0.079

9--21 0.026 O.0,S6 0.040

x 0.02/j- 0.165 0.073

Sulf2.te

7·~lS 2924.83 2855.41 950.8b 809.68 567.57 205.25

2476.91 2528.77 1066~79 1294.25 8?6 •. 2.9 22.5.52 4037. [t9

8···12 7839.22 4287.42 1088.24 1403.02 2831.91
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9-21 1 L~4B• 2!f J 2G9 •99 985 •08 ;!: 3fL 7fj 123.32

3629.13 2~39.G9 1032.06 870.1~ 72J .1f;
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