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PREFACE

The Institute of Water Resources has sought financial assistance
for some time in an attempt to initiate research relative to the impact
of mining on water quality. Attempts were made as early as 1971 by Dr.
Timothy Tilsworth and later by Dr. Donald Cook and Dr. Sage Murphy.
These investigators anticipated growth in placer gold mining'and the
development of natural resources in Alaska during a period of national
and environmental concern. The subseqdént'energy "crisis," the major
increase in the price of gold on the world market, and dwindling non-
renewable resource supplies have resulted in Targe-scale mineral
exploration in Alaska. This exploration, coupled with development of
the trans-Alaska oil pipeline, has attracted considerable capital for
potential investment and development in Alaska. Expected industrial
growth has already started and major new projects are "just around the
corner.”

Yet, as of 1976, no major research effort has occurred to determine
the extent of or potential for water qua]fty'impacts from mining operations
in Alaska. Recently a series of interdisciplinary research projects
have been completed in Canada; however, the application of Canadian data
to Alaskan problems is uncertain. Although, state and federal govern-
ment agencies have been advised and are aware of this potential problem
and lack of baseline data they have not sought out new information or
rational solutions. Even now, with deadlines of Public Law 92-500 at
hand, some regulatory agehcies'give the impreséion of attempting to
ignore the sifUAtion_ Interim limitations are proposed and permits
are issued with no discernible rationa]e_or:basis. Data have not baen
obtained relative to the Alaskan mining operations and thus are not
available for use in seeking solutions compafib1e with mining and.
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environmental protection. Numbers appear to have been arbitrarily
assigned to permits and water quality standards. When permits are
issued, self-monitoring requirements are negligible or nonexistent.
Nor have regulatory agencies demonstrated the ability or incTination

to monitor mining operations or enforce permits and water quality
standards.

It was hoped that the project would bring together miners, environ-
mentalists, and regulators in a cooperative effort to identify the
problems and seek solutions. The investigators recognized the political
sensitivity of the subject matter but proceeded optimistically.
Relatively good cooperation, though not total, occurred early in the
project. In April 1976, a symposium was held to exchange jdeas and
determine the state-of-the-art. ATthough the symposium had good
attendance and an exchange of information occurred, the sympos fum
itself was somewhat of a disappointment. With few exceptions, the
participants aligned on one side or the other in preconceived fixed
positions. Some even chose not to attend and were therefore abie to
avoid the issues., Little hard data was presented.

Optimistically, some of the miners, environmentalists, and
regulators are prepared to resclve their differences. This report,
hopefully, will be of benefit to them. It is our'experience'that
miners and environmentalists share a love of the land that is uniquely
Alaska. We feel that technology is available for application to this
problem for those who care about doing the job right in the "last
frontier." Whether or not it will be effectively applied to protect
Alaska's water resources is a question which remains unanswered.
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INTRODUCTION

Mining has played a key role in the history of Alaska and, to
large degree, can be credited with the opening of the state to settle-
ment, by outsiders. Miners followed- the call of gold from California
northward through 8ritish Columbia, up the southeast Alaska panhandle,
across the Chilkoot Pass, and down the Yukon River, The remains of past
mining operations can be found throughout the state and it has been
estimated that 9,000 acres of dredge tailings alone are still piled
a]ohg Alaskan streams (Wolff, 1975). Although gold mining continues to
‘be of interest in Alaska, the extraction of other minerals, coal and
copper in particular, has been of historical importance and holds
considerable potential for the future. Whalers of the 1800's were
supplied with coal from the same Morth Slope fields that later fueled
Nome during the gold rush days (Col11ér, 1905). The deposits of copper
near McCarthy, Alaska, and coal from the Bering River fields were the
impetus for the financial/industrial syndicate of Morgan and Guggenheim
that built the Copper River and Morthwestern Rajlroad. '

‘Mineral resource development in Alaska has been and continues to
be of major importance to the state. The potential for mining is high
(Ehrenburg, 1976) although production remains low. Today, with-
approximately 12 per cent of the estimated strippable coal reserves
of the United States Tocated within ATaska (Grim and Hill, 1974) and
the high priority being given energy resource development, the potential
extraction of Alaskan coal is again a subject of national concern.
AdditionaTTy, much thought has been given recently to mining the copper
deposits known to exist within the Kobuk River basin. Although sub-
stantial ore remains, cinnabar mining in the Dillingham-Aniak region
has declined, perhaps due to the worldwide mercury-poisoning episodes
of the early 1970's. Despite extensive deposits of platinum, the only




platinum mine in the United States shut down in 1975 after nearly 50
years of production when the depth of the remaining ore exceeded the
reach of the operating dredge near Goodnews Bay. Underwater mining

of barite is in progress near Petersburg; a tin-tungsten-flourite
mine is under development at Lost River; and a proposal is being -
considered for development of a molybdenum mine near Ketchikan. Con-
siderable mineral exploration has apparently paralleled the implemen-
tation of the Alaska Native Claims Settlement Act and development will
1ikely follow. The presence of a haul road north of the Yukon River

may be expected to encourage mining activities in that section of the
state. . :

~ The effect of mining on water quality has long been the subject of
debate.. This debate continues as does a long-standing lack of ‘relative,
~ quantitative information. Observations about the effects of minirg on
water quality have been traced back to the European'Rena?ssance; In
1556, Agricola, in his classic treatise on mining, referred to the
opinions of environmentalists of his day when he wrote that "when the
ores are washed, the water which has been used poisons the brooks and
streams, and either destroys fish or drives them away ... it is said,
it is clear to all that there is greater detriment from mining than the
value of the metals which the mining procures." {(quoted by Wolff, 1975)

Information relative to the impact of mining on water quality in
Alaska is nearly nonexistent; therefore, it is necessary to utilize
information developed outside of Alaska for assessing impacts and
alternatives. Given the environmental conditions of Alaska, unigue
within the United States, the application of technical information
from other Tocales should be applied only with a great deal of circum-
spection, Water quality is determined, in part, by the natural"




weathering processes which accompany the movement of water above,

on, and under the earth's surface. Mining can affect water qua]ity

by changing the rate of natural processes due to alteration of geo?og1c
formations during the extraction of minerals. Additional water guality
jmpacts are possible as a result of processing of ores. Wastewaters
from processing mills may contain the residue of reagents used during
ore concentration as well as the tailings from the broéessinq operatfdn
These water quality impacts can be c1assff1ed into two broad qroup1ngs
phys1ca1 and chem1ca1/b1o1og1ca1

The physical impact on water qualfty'in¢1udes'the”fhtrdddctidﬁ of
those solids which are measurable as sett]eab]e matter, suspended soT1ds
(technically referred to as nonfilterable residus), and’ turb1d1ty
Soil erosion contributes to such introduction in severaT ways related
to mining activity. Surface mining operations alter the land's surface
and may decrease slope stability so that erosion increases. Erosion
can be minimized by using optimum mining techniques such as contour
block-out mining on steep terrain, careful disposal of overburden,

‘prompt reclamation (i.e., révegetation binds and stabilizes disturbed
soils), and diversion and treatment of surface runoff and subsurface
drainage waters. FErosion may also result when waste material from
underground mines or processing mills are improperly stacked. Frequently,
these waste materials are transported as slurries. Direct{diSChérga

of such slurries to surface waters generally results in the introduction
of high concentrations of soTids. Settiing or tailings impoundmehts

may reduce this impact; however, further chemaca] treatment or f11trat1on
may be necessary in some cases.

The primary chemical/biological impact on water quality results
from the introduction of dissolved minerals into water. An example is




the ox1dat1on of iron pyrites (FeSZ) and subsequent acid mine drainage
characterized by Tow pH levels and high concentrations of dissolved
minerals. Another examp1e is drainage water rich in minerals entrained
during passage through mined areas'or refuse and tailings stacks. An
examp1e which has recentTy received some attention is the potential .
generation of arsen1c ~rich dra1nage resulting from erosion and 1each1nq
of p]acer gold tailings (Hawkins, 1976). Low pH levels may or may not
accompany such drainage water. An additional chemical impact on water
qué]tty results from the addition of reagents during milling processes.
These reagents are then incorporated with the waste slurries. Settling
or ta111ngs 1mpoundments have been the primary method of treatment for

these wastes, Prec1p1tat1on aided by Time or other chemicals, coagu--
~Tation and f1occu1at1on, and filtration have also been employed.
Treatment_of Timited flow wastes by demineralization processes such as
ion exchange is occasionally practiced.

The principal objeotive of this project was to seek out basic .
1nformat1on relative to the impact of mining on water quality in Alaska
through a review of ex1st1ng regulations, baseline data (of which little
was found), and state-of-the-art technology. The latter was assessed,
in pert, by several on-site visits.

_ Although'the sUbject of this report is of national concern, most
of thé_hateriaT studied was viewed with an Alaskan perspective. Emphasis
was p]aced:on the physical impacts confronting miners, regulatory agencies,
enVironmehta1ists, and others concerned with the placer gold mining
industry. In order to gain knowledge of these impacts, the investigators
visited several placer gold mines (both dredges and conventional sluicing),
Alaska's only operating commercial coal mine, Alaska's single placer
p1at1num mine (which ceased operation in November 1975), and the site
of the planned copper mine at Bornite.




This report includes a discussion of proposed federal effluent
Timitations and state water quality standards so that they may be
kept in mind while considering other aspects of the problem.. The two
major categories of water quality impacts from mining,'the physical
introduction. of solids and the introduction:of dissolved minerals
with concomitant changes in water chemistry, are discussed in terms
of the natura1 occurrence of the descriptive water quality parameters,
their resu]taht.bfo]ogica1 effects (with primary emphasis on fishery .
resourcés), and the efficiency and availability of control technology.
Final emphasis is placed on the particular situation in Alaska where
significant coal and placer gold mining is now in progress and is of
concern. Cont!usions and recommendations are presented as well as a
selection of additional applicable reference citations.




EFFLUENT LIMITATIONS AND WATER QUALITY STANDARDS

Federal Effiuent Limitations

The Federal Water Pollution Control Act Amendments of 1972 (Public
Law 92-500) provides for the establishment of effluent limitations for
specific types of jndustrial operations, including minings'and water
quality standards for natural surface waters into which effluents are
discharged. Applicable sections of the Taw are as follows: .

1. Section 301 -~ places effluent limitations on industrial
discharges in accordance with guidelines developed as required by
Sections 304 and 306. The guidelines are applicable to specific
industries, Tisted in Section 306, and must be specified in permits' '
issued under the National Pollutant Discharge Elimination System
(NPDES) of Section 402

2. Section 302 - requires that effluent limitations (Section 301)
be consistent with the attainment and maintenance of water quality
{Section 303)

3. Section 303 - requires the setting of federally approved
water quality standards, but encourages the setting of such standards
by the states rather than the federal government.

Effluent 1imitations apply to the quality of the wastewater as
it is discharged from a point source (ditch, outfall pipe, weir, spillway,
etc.) to a surface water such as a stream or lake. The U.S. Environ-
mental Protection Agency (USEPA) published interim effluent limitations
and guidelines for the ore mining and dressing industry in November
1975 (USEPA, 1975b). These 1imitations apply to all types of mining
except coal. Regulations pertinent to the coal mining industry are
covered by separate limitations which are discussed in the chapter




on "Surface Coal Mining in Alaska" later in this report. The effluent
limitations and guidelines also specify available control technology. -
Control technology is to be jmplemented in three phases as follows:
_ 1. Best Practicable Control Technology Currently Available -
(BPCTCA) no later than 1 July 1977

2. Best Available Technology Economically Achievable (BATEA)
no later than 1 July 1973

3. New source limitations which apply after pub11cat1on of
specific standards for each industry.

In many cases there is Tittle difference between the three. Table
1 4s a compos1te summary of the limitations and parameters wh1ch will
apply for the first phase and a listing of the various control techno]ogies
considered for specified ores as BPCTCA. Table 1 requires further
explanation. For example, all of the ores have a maximum Timitation on
total suspended solids (7SS} of 30 mg/1 and a pH range requirement
of 6.0 to 9.0 units. Specifically, however, the iron ore subcategory
has an additional maximum Timitation on iron (Fe) of 2.0 mg/1 for both
mines and mills, whereas the maximum Timitation of Fe for a bauxite mine
is 1.0 mg/1 and additional maximum limitations on aluminum (A1) of 1.2
mg/1 and zinc (Zn) of 0.2 mg/1 exist. For iron ore mines, BPCTCA is
considered to be settling ponds with coagulation-flocculation and 1ime-
neutra1tzat1on as necessary to meet effluent T1m1tat1ons For some
types of iron ore mills, as opposed to mines, BPCTCA is cons1dered to
be settling ponds with coagulation-flocculation systems while at others
zero discharge is specified. For bauxite mines, 1ime precipitation
and settling with pH adjustment is listed. Table 1 exciudes those m1nes
“or mine and mil comp]exes benef1c1at1ng go1d, silver, t1n, or platinum
~ ores by grayfty separation ‘such as placer gold mines. BPCTCA, new
.source BATEA, and efFTuent 1limitations for placer gold mines were




TABLE 1: COMPCSITE SUMMARY GF SPCTEAY INTERIM EFFLUENT
LIMITATIONS AND CONTROL TECHNOLOGY

Maximum Thirty-

Pafameter - . Daily Maximum (ma/1) - Day Average (mg/1)
Aluminum o2 S 0.6

Ammonia - 60.0 | 30,0

Arsenic | oo - o :'0.5 |

Cadmium 0.1 0.05

Chemical Oxygen Demand  200.0 & 100.0 ** °  ~ 100.0 & 50.0 **
Copper 0.1, o ' 0.05

Cyanide . 0.1 &0.02 * - - 0,05 &0.01 *
Iron 2.0, 1.0, & 0.2 ** 1.0, 0.5, & 0.1 **
Mercury oo Qo002 - 0.001

NickeT_" _ - _0'2:_ o | _0.1._ -

pH _.: H_. :. i - :Nithih range of 6.0 to 9.0.un1ts |
Radium-226 . . = 10.0 pCu/1 ' 3.0 pCu/l

Total Suspended Solids ~ 30.0 | 200

Ufaniqm _ __:...; 4.0 _.. IR _ | 2.0 -

Zinc . v ' 1.0, 0.4, & 0.2 ** 0.5, 0.2, & 0.1 **

*BPCTCA: Lime precipitation and settling, pH adjustment, tailings impoundments,
' reuse of water, alkaline chlorination, zero discharge, filtration through
sand and gravel tailings, secondary settling, ammonia stripping, waste-
water - stream segregation, fon exchanogs, barfum chloride coprecipitation, .
and coagulation-flocculation. (USEPA, 1975h)
** Value Dependent on Specific Ore, from USEPA, 1975b.




identical. Maximum TSS was specified to be 50 mg/1 with the 30-

day average not to exceed 30 mg/1. Additionally, the pH range
requirement of 6 to 9 -units seen for other ores and types of mines
was also specified for placer gold mines. BPCTCA was considered

to be sett1{ng'or tailings ponds and, where necessary, coagulation-
flocculation and pH adjustment to meet effluent limitations. The
alternative of sand and gravel tailings filtration was also listed.
These regulations have now been set aside to be reissued in November.
of 1976 after further development.

The general procedure followed by the EPA during the development
of effluent limitations guidelines and standards of performance has
been to visit a selection of operations for the industry involved so
that representative conditions of wastewater characteristics and.

existing control technology may be determined. In the case of placer

gold mining, no mines in Alaska were investigated and no special
consideration was given to conditions in Alaska (Lamoreaux, 1976).

. In the State of Alaska, the EPA administers the NPDES permit
. program because the state declined to do so. .Prior to issuance of
ihterim effluent limitations, the EPA prepared, but did not issue, =
draft permits for approximately half of the placer gold mines in
Alaska which gave the industry a choice of alternative effluent
limitations: _ S
1. Settling pond(s) sufficient in capacity to contain the
maximum volume of process water used during any one day's operation.
2. Maximum effluent limitation of 1 ml1/1 of settleable solids

(those solids which will settle to the bottom of a one-liter cone
in an hour).




After setting aside the interim effluent limitations in May of
1976, the EPA issued the first batch of NPDES permits with few sub- -
stantive changes from the original draft. The choice of alternative -
effluent limitations remains the same as in the draft except that the
leve] of settleable solids was decreased from 1.0 to 0.2 ml/1. "Additionally,
the issued permits specify a mixing zone in the receiving water of 500
feet downstream from the point of discharge and reiterate that the state
water quality standard for turbidity, less than 25 JTU increase above
natural or upstream conditions, must be complied with (Dickason, 1976
and USEPA, 1976). 1If the first alternative of settling ponds is chosen,
no self-monitoring is required. If the second alternative of a Timitation
on settleable soltids is preferred, samples need only be taken by the
miner once per month and reported annually. There is no requirement-
to measure turbidity in the receiving water. The permit compiiance
schedule requires submittal of plans and compliance with effluent -~
Timitations by 1 August 1976 and annual submittal of operating plans
thereafter. The basis for the standards contained in issued permits
is unknown. Since reporting is only required at the conclusion of the
mining season, there is no mechanism for correction of noncompliance
during the same year in which it occurs. Such correction in order to comply:
with permit conditions; would require additional field monitoring by '
the EPA.. ' s

ALASKA WATER QUALITY STANDARDS

The Alaska Department of Environmental Conservation (DEC) issued
water quality standards in October 1973 as Alaska Administrative Code
(AAC) Title 18, Chapter 70. These regulations prescribe standards -

that must be met in receiving waters (surface streams, lakes, etc.)
outside of a defined mixing zone around a point of discharge. Although

10




At the present time, neither the federal effluent Timitations
and the NPDES permit program nor the state permit program (which may
now consist of acceptance of the NPDES permit) and water quality - -
standards have been well defined as they apply to mining in Alaska.
Further changes are probable.. Final federal effluent limitations
are still under development. Public Law 92-500 also provides for
~ the review of water gquality standards and possible revision every -
three years. Such a review is now in progress. -The process will
include public input and public hearings; however, the DEC has not
yet indicated how the details of this procedure will be carried out.

ALASKA:DEPARTMENT OF FISH AND GAME REQUIREMENTS.

~ In addition to the foregoing EPA and DEC considerations, the

Alaska Department of Fish and Game (ADF&G) has discretionary authority
under A]aska Statute 16.05.870 with regard to operations which might
impact anadromous fish waters {anadromous fish inciude salmon and

other species which migrate from the sea to fresh waters for breeding
:pdrposes), The ADF&G issued "Title 16" {Alaska Statute 16.05.870)
permits during the 1975 mining season and will probably contihue to-

do so on an annual basis. Permits usually require that: 1. the
operation will comply with applicable Taws administered by the EPA and
DECy; 2. fish passage shall not be blocked; 3. spoil material and
tailings shall not be placed in the water or in an unstable configuration
1ikely to erode into the water; and 4. explosives will not be used in
or near the water without separate approval from the ADFAG. '

1




PHYSICAL PARAMETERS"

INTRODUCTION

Settleable matter and TSS is defined by the EPA (Mational Environ-
mental Research Center, 1974) as those solids which will settle to the
bottom of a one-Titer cone in an hour. Settleable matter is undesirable
in fish-sensitive streams since it may result in sedimentation of
streambed gravels (filling up of the interstices with finer material
such as silt or fine sand) unless flow is sufficient to flush it down-
stream. Since data concerning this parameter and its effects are
unavailable, it will not be discussed further.  However, if the draft
permits mentioned in Chapter 2 are issued, this parameter may become a
federal effluent limitation, TSS is defined as a direct measure of the
solid material suspended .in water and is determined by filtering out the
solids and weighing them. In this report, the term TSS encompasses the
parameters of suspended sediments and nonfilterable residue which are -
sometimes used interchangeably. Standard Methods (APHA, 1971) defines
turbidity as an "optical property of a (water) sample which causes light
to be scattered and absorbed rather. than transmitted in straight 1ines
through. the sample. As such, it is an indirect measure of those solids

suyspended in the water which are responsible for the scattering and '
absorption.. . ' B

Particle size is an important consideration in the measurement of
both turbidity and TSS. Particle size and nomenclature are shown in
Table 2. Decreasing particle size results in an increased specific
surface area {area of particle surface per unit volume of suspension)
which will result in greater 1ight scattering {(Fair, Geyer, and Okun,
1968), thus increasing the turbidity. Finely divided colioidal suspensions

12




Table 2: Particle Sizes*

Particle Diameter E

0.0000002 mn (0.2 my) .

0.0000003 ™ (0.3 mu)

0.00000T mm (1 mu)

- 0.0001 m (100 mu )

0.001 mm (1)

0.05  mm (50 u)
2.0 | - mm

4.7% : mm

10.0- mm-

76.0 mm

BOb.O.’ mm

g

-3

Atoms

Large Molecules

Silt.
Fine Sand
CoarseESand_:

Fine Gravel

mi11ﬁmeteks'(10 mete?s)
u = microns (10"6 meters)
y = millimicrons (10’9

*Fair, Geyer, and Okun, 1968 and Plotts, 1972.

meters)

13

Solutions

Colloidal Suspensions _;

Lower Limit
Non-Filterable
residue

Fines.

Gravel

Rubble

Boulders




have a high specific surface area and cause a high degree of Tight
scattering, resulting in what is known as the "Tyndall effect" where
1ight is observed at an angle of 90° to the incident beam of light.
The "Tyndall effect" is utilized as the basis for measurement of -
turbidity in some turbidimeters (nephelometers) (Sawyer and McCarty,
1967).

The arbitrary standard of 1 mg/1 of a specified particle size
solution of silica (5102) was originally determined to be equal to
one unit of turbidity (Sawyer and McCarty, 1967). Current methods
specify the use of a formazin polymer standard, measurement by a
nephelometer, and the use of nephelometer turbidity units (MNTU),
which may be comparable to previous measurements of turbidity such
as the JTU. Units listed in this report will be as taken from the
literature quoted. The older literature generally uses the units
of ppm or mg/1 for turbidity whereas the newer literature generally
uses the units of JTU for turbidity. Presumably, NTU will be used by
all the future. The complexity involved with this nomenclature is
emphasized and researchers should use caution in the interpretation
of turbidity data.

If the solids present are primarily of colloidal size, they will
pass through the filter used in a TSS determination; however, they
will contribute significantly to a turbidity determination. In many
relatively clear streams, the turbidity value {(JTU) numerically
exceeds the TSS value {mg/1); however for waters carrying significant
solids loads, the numerical value of TSS is observed td exceed the |
turbidity value. The larger particles which increase the TSS value
do not cause as much turbidity as do smaller particles and although
the relationship is direct, there is no apparent reliable correlation.
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more stringent requirements would apply in the case of a receiving

" water utilized as a drinking water supply {water-use classifications

““A" and "B") the standards which generally are of concern with regard |
to mining are those intended to protect waters used for the propagation of
fish and other aquatic life (water use classification "D"). Water
quality criteria for Alaska are listed in Table 3. Of these standards,
the turbidity requirement (less than 25 JTU increase above natural or '_
upstream conditions) has received the greatest attention; however, all
other parameters of the water quality standards would also apply. =

Although Alaska Statute 46.04.100 required that industrial =~
operations procure a waste disposal permit prior to discharging, the .
DEC did not insist upen such permits for mining wastes. In at least
one case wherse the.miner attempted to follow legal requirements to
obtain a permit, the DEC did not process the application. The State. N
Legislature recently passed Sponsor Substitute for Senate Bill No.

267, amended by the House (effect1ve date added, re- engrossed), and

Governor Hammond signed'it into law.  This legislation amends app11cab]e

statutes to aTIow the DEC to waive previous requirements and accept
NPDES permits as satisfying Alaska Statute 46.03.100 (Alaska State

Legislature, 1976). Th1s wilil haVe the benef1c1a1 effect of reduc1ng
paperwork requarements '

State certification of NPDES permits has been cdntingent upon
incorporation of the 500-foot downstream mixing zone with the less
than 25 JTU increase in turbidity into effluent Timitations discussed-
previously (Scribner, 1976). The basis upon which these requirements have
“Deen formulated is unknown.
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TABLE 3: Water Quality Criteria for Waters of the State of Alaskal

-

1(see note 1)

Saturation

(. 2) {3} (4 (3) (6)
Water Quality |Organisms of the  Dissolved Oxy-{ pH Turbidity, mea- [Femperzature, as  /idissolves inorganic
arametets {Coliform Group een me!l ot sured in Jacksoa|measured in degreesjsubstances

drinking, cufinary

without the need
for treatment other
than simple disin-
fection and simple
removal of natural-
Iy present impur.
ities.

and food processing

samples in any
month fess than 50
per 100 mi.

73% saturation
or 5 mg/fl.

8.5 (see note 3)

; Léss than 5 JTU

~ Turbidity Units |Fakrenheit (°F)
Water Uses ™ aTuY ] .
|A. Water supply, Mean of § or more |Greater than | Berween 6.5 and Total dissalved

Below 60°F,

exceed 500 mg/t.

solids from all
SOUrces may not

B. Water supply,
drinking, culinary
and food processing
with the need for
trealment equal to
coaguriation, sedi-
fmentution, fltra-
tion, disinfection,
and any other
|treatment processes
necessary to re-
move naturally
present impurities,

Mean of 5 or more
sumnples inuny
month less than
1000 per 100 mi,
and not mose thun
20% of samples
during one month
may exceed 1000
per 100 ml.

Greater than
605 suturition
or 5 mg/l.

Between 6.5 and
8.5 (see note Q)

Less than § JTU

above natural
conditions.

Below 60°F.

Mumerical value is
inapplicable.

C. Bathing, swim-
ming, recrealion,

Same as B-1

Grealer than
5 mg/fl.

Merween 6.5 and
8.5 (sec note 3)

D. Growth and pro-
pagation of fish and
other ayuatic Jife,
including wuter

fuwl and furbeareés’

Sanie us -1 Lo pro-
teét ussociuted re-
creational values.

Greater than 6
mu/ioin salt’
waler and
greater than ?
mgfl in fresh
Iwater,

|

i

Retween 7.5 and |

B.5 ifor salt water,
Helween 6.5 and
H.8 for Tresh water.,
Max. pll clunge peq
hour is 0.5, {see
note J3)

Below 2§ JTU
except when
natutil condi.

tions exceed this;

Tigure efNuents

moy nob inerease)
the lwhidﬂy.-—J

Less than 25
JFU when attri-
hutable ta sol-
ids which result
froom other than
nhtural origin.

Moy not exceeed nut-

Numerical value ia
inapplicable.

urizl temp. by more
than 291 lor salt
nviter. May not ox-
ceed natural femp.
by more than 421
far Tresh watz2r. Moy
change shalf be per.
mitted Tor temp.
wver 60°F, Maxi-
mum rate of change
permitted js 0.5°F
per hour.

|Numerical value is
‘jinapplicable,

ity or significant

Within ri:ngv:s tu
avoid clirnnic toxi-

ecotogic clhiange,

E. Shelifish growth
and propagation in-
cluding natural and

aress,

Not to exceed lim-
its specified in Na-
jtional Shell¥ish

commercial growingSanitation Program

Manual of Opera-
tions, Part 1,

USPHS. (see note
2) . .

[Greater than 6 1

img/1in the lar-
tval stage, Great-
ithan § meg/!

lin the adult
'SIage.

Between 7.5 and
B.5 (see note 3)

Less than 25
ITY of mineral
origin.

Less than 68°F,

o T
Within ranges to

|city or significant
iecological change.

avoid chronic toxi-

F. Agricultural wa-

ter supply, includ-
ing irrigation, stock

watering, and truck
farming.

Mean of 5 or mnre
isamples less than
1,000 per 100 mt
with 20% of sam-
ples not to exceed
2,400 per 100 ml
for livestock water-
ing, Tor irrigatinn of
crops for human
consumption, and
iforgeneral fuem uke.

{Greater than
Img/fl.

Between 6,5 and
2.5 (see note 3).

Mumervical
values are
inapplicable.

" iphysiolegical

Bérween 60°F and |
growth to prevent |

ishock to plants.

700F for optimum | 1,500 micromhas at

{2.8, sodium percen-

jand boron less than
10.3 mg/1.

Conductivity less than

25°C, Sodium adsorp-j
tion ratio less tham |

tage less than 607,
residual ¢arbonate
less than 1,25 mefl,

G, Industrial water
supply {(cther than
food processing).

Same ws B 1 when-
vyer worker con-
tact is present.

mg/ 1 for sur.
iface water.

Greater than 5 1 Between 6.5 and

8.5 {sez note 3}

| No iimpossed

turhidity thut
way interfere
with estahlished
levels of water
supply treat-
ment.

Less thun 709t

Na amounts ahuve
natural conditions
which may couse

iscaling, or process
problems.

undue LCrrasion,

L =

TExtracted from: Alaska Administrative Code
*See Notes on pages following Table 2.
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TABLE 3: Water Quality Criteria for Waters of the Jtate of Alaska, continued

which adversely
affects fish and
other aquatic
life reproduc-
tion and hab-
tat, :

heaith or the ecologi-
cal halance, and less

than an amount that
causes tainting o

flesh. .

tess than 50
wolnr units,

Drinking Water Stun-
dards except where con
ceniration factors of a-
quatic flora and fauna-
exceed USPHS reduc.

shall be reduced below
a¢ute or chronic pro- .

tion factors; then maxi- |
mum permissible concent.
trations of radionuclides

hlem levels. (see note 4) |

&T; as

" (8) 19) (o i) (12} (13)
[Residves, including Sediment Flaxic or Other Pelete-] Color,as fl'{udinu‘a.:liv'iw resthedic ater Quality
Qiis, Floating Solids rious Substances, Pest- ! messured n sonsiderg- |Parameters
Studge Depmnsits and cides, and Related QUre |color units tions
{Other Wastes ; sanic and Inorganie Water Uses
i Malerials
Same as B-7 :Below normally [Carbon chioroform True color  jConform with USPHS May not be |Water supply, A,
|detectabie extracts less than 0.). |less than 15 |Drinking Water Stan-- jmpaired by {drinking, culinary
amounts. mg/l and other chem- [color units, |dards. (see nnte 4) | ghe presencef{and food processing
) ical constituents may |- ’ of materials |without the need for
not exceed USPHS or their ef-  |(reatment other than
Drinking Warter Stan- ~ Fects which lsimpte disinfection
dards. (see note 4} pre offensiveiand simple removal
- ) : to the sight, |of naturally present
- . pmell, taste, limpurities.
- - ) ' ’ pr touch. .
Residues may not make[No imposed Chemical constiluents |Same us !Conform with USPHS  [Same as Water supply, B.
the receiving water an- {loads that will shail coaform in A-10 Drinking Water Stan-- - |A-12 drinking, culinmary,
fit or unsale for the  jinterfere with  [USPHS Driaking dards. (see note 4) and food proces-
uses of this classifica- [established Water Standards, (see S sing with the need
tion; nor cause a film  jlevels of water [note2 3} for treatment equal
or sheen upan, or dis- {supply treat- to coagulation, sed-
colorztion of, the sur- {ment, Imentation, filira.
face of the waterorad-| . tion, disinfection,
joining shorefine; nor and any other treut-
caute a sludge or emut {ment processes ne-
gion to he denosited hed - cessary Lo remifive
neath or upon the sur. naturally present
face of the water, with.| impurities.
in the watef eolumn,
on the bottom, or upun
adjoining shorelines. : : : o :
Same as B-7 'No visible con- jBeluw concentrations |[Saine as Conform with USPHS - Same as Buthing, swim- (.
centrations of  jfound to be of publiv ;A-10 !Drinking Water Stan- a2 ming, recreation.
. sediment. heaith significance. ) idards. (see note 4)
Same as B-7 |No deposition jNone affecting pubtic |True colur [Conform to USPHS Growth and D.

propagation of fish
and other aguatic
life, including water-
fowl and furbearers.

Ne visible evidence of
{residues. Less than
acute or chronic pro-
blem levels as revealed
by hicassav nr other
appropriate methods.

No depasitinn
which adversaly

and propagation
of shellfish.

affects growth . -

Less than acute or
chronic prokiem lz2vels
and helow concentra-

jtogical balance. Less
than ua amount that
causes tainting of

iftesh. Pesticides miuy

not exceed 0.NOT of
the medion lethat toxi-
city concentration Tor
the most sensitive or.
ganism on 96-hour
exposure. :

tions atfecting the evo-f

i True color

I tess than 50
color units,

Cotcentrations shall be

in radionuclide concen.
trutions in shellfish

recommenthitions of
the National Shellfish
Sanitation Program,
Manual of Qperativns,
Pagt 1, USPHS. (sct
note 2) ) '

Jess than those resulting

mueats which exeeed the |

Same as
A-12

Shellfish E.
growth and propa-
pation tncluding
natural and cunt-
mercial growing
ureas,

None in sufficient
quantiti¢s to cause
soil plugging and
reduced vield of
crops.

Fot s prinkler
irrigation, water
free of particles
of 0.073 mm

or coarser, For
irrigation or ||
water spreading,
not to exceed
200 mg/1 for an
extended period
of time.

Less thun that shown
to he Jdeletericus to

livestock or plants or
their subsequent con-
sumption by humans,

inappli-
cable.

Cunform with USPHS
Drinking Water Stan-
dards. ’

Some s
|A-12

Agricultural I,
water supply, in-
cluding irrigation, |
stock warering, und
truck farming.

| No visible evidence of
residues,

No imposed

Hloads that will

interfere with
established ley-

Chemical constitueats
may not exceed con-
centrations Found 1o
be »f puhli¢ health

els of treatment. jsignificunce.
1

True ¢nfor
less than 50
culor Units.

Conform with USPHS
|Drinking Water Stan-
Idards. (see note 4)°

I
{
|

Sa1ne us
Al

} Industrial G.j

i water supply {other
than food

! processing). i

I i
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Notes to Table 3: Water Quality Criteria for Waters of the State of Alaska

Organisms of the coliform group shall be determined by Most
Probable Number or equivalent membrane filter technique.
Wherever cited in these standards, the National Shellfish

Sanitation Program, Manual of Operations, Part 1, means
Sanitation of Shellfish Growing Areas, 1965 revision, U.S.

" Department of Health, Education and Welfare, Public Health

Service Publication No 33, Part 1, obta1nab1e from the
Superintendent of Documents, U. S, Government Printing CGffice.
Washington, 20402 {Price 45 cents), or in any regional office
of the Department of Environmental Conservation, and which .

is on file in the office of the lieutenant governor.

Induced variation of pH conditions naturally outside this
range may not exceed 0.5 pH unit and the pH change shall be
only in the direction of this range. pH conditions naturally
within this range shall be ma1nta1ned W1th1n 0. 5 pH unit of
the natura1 pH

wherever c1ted in these: standards, USPHS Dr1nk1ng Water
Standards mean the Public Health Service Drinking Water
Standards, 1962 revision, U.S. Department of Health,
Education and Welfare, PubT1c Health Service Publication
No. 956, obtainable from the Superintendent of Documents,
u.S. Government Printing Office, Washington D.C. 20402
(Price 30 cents) or from any regional office of the
Department of Environmental Conservation, and which is
on file in the office of the lieutenant governor.

Wherever cited in these standards, National Bureau of Standards
Handbook 69 means the handbook entitied "Maximum Permissible
Body Burdens and Maximum Permissible Concentrations of Radio~
nuclides in Air and Water for Occupational Exposure”, U.S.
Department of Commerce, National Bureau of Standards Handbook
69, June 5, 1959, obtainable from the Superintendent of
Documents, U.S. Government Printing 0ffice, Washington,

D.C. 20402, or in any regional office of the Department

of Env1ronmenta] Conservation, and which is on file in the
office of the lieutenant governor.

Wherever cited in these standards, Radiation Protection
Guides means the guidelines recommended by the former Federal
Radiation Council and published in the May 18, 1960 Federal
Register, and published in the September 26, 1961 Federal

~ Register, obtainable from any Regional Office of the Depart-
“ment of Environmental Conservation and which are on file in

the office of the 1ieutenant governor.
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NATURAL OCCURRENCE

The natural occurrence of TSS and turbidity in Alaskan streams
is a function of the various hydrological and geological factors.
There are distinct seasonal variations in most Alaskan streams.
Generally, low values are seen for both TSS and turbidity under ice
cover during the long, cold period after freeze-up and prier to
break-up. High values accompany the major flows and erosion at break-
up time due to snow and ice-melt and precipitation. Lower va1ues for
nong]acia11y fed streams (approach1ng winter levels) accur durinag the
summer except after prec1p1tat10n events. After prec1p1tat1on, there
are temporary peaks for flow, TSS, and turbidity. Surface runoff
during the warm period after break-up and prior to freeze-up results
in erosion and increased flow, TSS, andxturbidity. These values
are elevated relative to those normally seen under ice cover or during
warm, dry periods when the total flow may be from groundwater.

Figure 1 is a plot of T3S and turbidity measurements for Goeldstream
Creek at Fox during 1970 and 1971. Although this measurement station
is in an old mining area, it is T1ikely that susceptible sediments
were washed downstream from the disturbed area and most of what remains
is thé”coarser tailings. Figure 1 illustrates seasonal variation in
waterfquality fairly well. Turbidity readings were about 5 JTU during
cold weather'periods and warm weather periods without rain. A peak
of 35 JTU was measured during break-up time and other high measurements
were made during or after periods of precipitation. There is an anomaly
in the TSS measurements for the month of March; however, the other
TSS measurements are cons1stent with the turb1d1ty measurements and the
expected seasonal variation.

19




0¢

60 I \ Suspended Solids
': §’ |‘g"”’
40}

o
o

T
—

SUSPENDED SOLIDS, mg/I

Turbidity

- )

_; | ‘ b/ B : 7
OLQ U WL 2 YRR NN VLU SN S ISNVN NCA NUVEDS TRV SN ORI N TR S
A S O NDfJ FMA MUY J A S O ND
1870 1971

FIGURE 1: TSS and turbidity for Goldstream Creek at Fox during 1970 and 1971.
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Data concern1ng the natural occurrence of TSS and turb1d1ty in
Alaska are sparse, and, when ava11able may only perta1n to TSS or
turbidity, but not both. Generally, the sampie points are widely
scattered and the sampling frequency is low. For example, the U.S.
Geological Survey routinely samples at a network of stations in A1askai _
and publishes the results annually. In Water Year 1974 (October 1973« -
September 1974) only two stations existed on Alaska's largest and longest =
river, the Yukon. The tributaries are, however, also measured. The
data for the two Yukon River stations are shown in Table 4. Only two
measurements, both taken during warm weather, were published for the
station at Fagle. Although two cold-weather and four warm-weather
measurements were published for the station at Ruby, turbidity was not
measured. Additional data presented in Table 4 include measurements on =
the Tanana River at Nemana, a major tributary of the Yukon River. As : |
with the Yukon River data, the general pattern of low turbidity and 1SS
values during the Tow-flow, cold weather period and high values during
the high-flow, warm weather period is evident. Overlapping hydrographs
from sequent1a1 storms continued snowmeTt through the warm-weather
period, and glacial melt waters resu1t in the well- knawn muddy appearance
of these two rivers. These rivers run at high stages through the warm
weather period and have very 1arge drainage areas. The muddy appearance
pers1sts until late in the warm-weather period before freeze-up when |
melting stops and precipitation is 1ight, consisting of snow which
remains frozen.

One major exception to this general rule of seasonal variation in _
water quality is glacier-fed streams. Research indicates that the large
amounts of debris and sediment carried by glaciers result in re1ative1y _
high TSS and turbidity Tevels in glacier-fed steams throughout the
warm period of glacial melt (Guymon, 1974). TSS concentrations
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Date Turbidity ded Solids Flow 004 | .008.[ .016 | .03T [ .0627[.T25] .25p] .5pp] 1.P9
A. Yukon Rjver at Eagle |
9 Jul. 74 160 | 3p5 136,000 | 49 | 56 70 1 79 85 | 9| 97| 99| 140
16 Aug. 74 | 120 34 g |0 f e | se e | e | es | oo | | -
B. Yukon Rjver .at Ruby -
18 Dec. 73 - 3 4.000 | - - - - - - - - -
18 Mar., 74 - 3 26,900 - - - - - - - - -
28 May 74 - 27 412,000 | - - - - - - - - -
11 Jul. 74 - 49 - 251,000 | - - - - - - - - -
29 Aug, 74 - 360 296,009 | - - - - - - - - _
22 Sep. 74 | - 19p 178,009 | - _ ; ] I A R B
C. Tanana River at Nenapa
29 Nov. 73 1 | 12 7,808 | - - - - N I R
25 Jan. 74 2 35 4,749 | - - - - - - - - -
13 Mar. 74 2 12 4,030 | - - - - - - - - -
11 Apr. 74 3 28 5,330 | - - - - - - . . -
23 May 74 149 1319 34,390 | 7 10 17 27 39 6 | 93 a9 | 1¢@
19 Jun 74 150 924 27,200 1 14 20 26 31 40 71 98 | 100 a
28 Aug. 74 179 - 33,000 | - - - - - - - - -
*0.S. Geotogical survey. (1975)




in glacier-fed streams may run several hundred mg/1 during warm weather
with peaks an order of magnitude higher during precipitation events -
(Guymon, 1974; and Ostrem, Ziegler, Ekman, 1973)}. The characteristic
grey~-green cast of glacier-fed waters is caused by the suspension of
finely ground sediments resulting from the glacial action. - The material

causing this discoloration and turbidity is referred to as "glacial :
flour."

BIOLOGICAL EFFECTS

The effects of TSS and turbidity on the aquatic Tife of streams.
has Tong been the subject of controversy and, although it does not
appear that any major multidisciplinary research projects were ever
undertaken in this area, a significant amount of literature has accrued
over the years on this topic. An excellent summary of the earlier
Titerature can be found in Cordone and Kelley (1961)}. They subdivided
the subject into categories related to fishery resources. A summary
of those categories is as follows::

1. Direct effects on fishes - -

2. Effects on reproduction

3. Effects on fish food supply.-

4. Effects via physical and chemical changes

5.. Effects on fish populations -

The European Inland Fisheries Advisory Committee (EIFAC)(1965) has also
compiled a very good Titerature survey with an eye towards establish-
ment of appropriate water quality standards.

Direct Effects

One of the first attempts to measure direct effects of TSS on
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fishes in the laboratory was conducted by Griffin. His work appears

as Appendix B to the study by Ward (1938) which was commissioned by
the Oregon State Department of Geology and Mineral Industries {OSDGMI).
Ward used Griffin's experiments to support his findings that, as 0SDGMI
Director Nixon summarized, "the placing of muddy water from placer:" -
operations in the Rogue River is not inimical (harmful) to fish and
fish 1ife." Smith (1940) notes that Ward's interpretation of Griffin's
work was highly questionable. The apparently higher initial mortality
of fish in c¢lear water over that of fish in water having 300 to 750 ppm
TSS most of the time and 2,300 to 6,500 ppm TSS after stirring was
attributed by Griffin to problems of acclimatization. After the
acclimatization problems of the first few days, the mortality of the
trout and salmon fingerlings used in the test was higher in the water
containing elevated TSS concentrations. : Additionally, the fish in the
water containing the high TSS concentrations were noticeably retarded:
in growth in comparison to the fish held in the clear water. :

Wallen (1950) conducted extensive biological Taboratory tests
using montmorillonite clay to produce turbidity. . He exposed 380 fishes
of 16 species to turhbidities over a wide range and as high as 270,000
ppm. The principle test species was the golden shiner (Wotemigonus
erysoleucas) and exposure times varied from 15 minutes to 39 days.
The lowest lethal turbidity found occurred at 16,500 ppm for an exposure
time greater than a week. Although examination of gilis and opercular
cavaties after mortality revealed clogging by the clay, there were no
signs of physical damage to the gill filaments or other internal organs.
Clogging occurred rapidly as fish movement slowed but could be shed
quickly if the fish were transplanted to clear water.

In contract with Wallen's findings, there are "many statements in
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the literature that suspended solids are directly harmful to fishes

by interference with normal gill functions." (Cordone and Kelly, 1961)
E1749s (1944) refers to the possibility of increasing damage to gill -
structures with increasing size, hardness, and angularity of particles.
Herbert and Merkens (1961) observed thickening of gill epithelium
followed by death in rainbow trout exposed to several hundred ppm of
TSS for extended periods.  Other researchers have made similar -
observations. More recently, Koski (1972) writes "Heavy concentrations
of sediment can kill fish directly by damage to their gills. The lethal
concentration is dependent on the characteristics of the sediment and
the -species and condition of the fish." Barnhard (1975) states "sediment
in suspension can be heavy enough to injure fish directly by damaging
their gills. Lethal concentrations vary considerably depending on the
fish's age, general health, and the type of sediment particles 1in
suspension. The duration of exposure to suspended sediments will also
determine the amount of injury to the fish." Unfortunately, neither:
Koski nor Barnhart define "heavy" or provide supporting data. Some.
quantitative data was developed by Campbell (1954) when he found 57%
mortality of rainbow trout fingerlings in ]ive-boxes one and one-half
miles downstream from a placer gold dredge operation in the Powder

River, Oregon, during a 20~day experiment. DBuring the study, turbidities
ranged from 1,000 to 2,500 ppm in the Powder River as opposed to no
detectable turbidity in a nearby tributary used as a control. Mortality
in the Tive-boxes in the control stream was reported to be 9.5%. EIFAC
{1965) concluded that "the available evidence suggests that the death
rate among fish 1iving in waters which over long periods contain
suspended solids in excess of 200 ppm will often be substantially greater
than it would have been in clean water." There is some evidence that

the nature of the solids is important when considering biological

effects and that synergistic effects increase fish mortality when other
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toxicants are present. According to Huet (1965), "Water turbidity - -
can be harmful to fish...directly if the suspended particles harm

or block the gills. It must be pointed out, however, that fish

easily tolerate high turbidity for long periods except when the
turbidity is accompanied by acids, alkalies, or substances that

injure the gills and prevent their functioning normally.”" Further
evidence of the harmful nature of turbidity is implied by the numerous
references to fish avoiding turbid waters throughout the literature - -
as, for example, in Sumner and Smith (1940).

The literature indicates that TSS and turbidity cause direct adverse
effects on fishes. The effect would be a function of the species of
fish, the character and concentration of the sglids, the presence of
other toxicants, other water dua11ty parameters; natural conditions -
for the species of fish in question, acclimatization, health and life
cycle stage of the fish, and. time of exposure. Likely effects are:
similar to those produced by other toxicants ranging from immediate -
mortality at high, acute concentrations to more subtle, Tong-term
effects at lower chronic concentrations including gi1l epethelium
changes, susceptibility to such diseases as fin-rot, and delayed
mortality. If no other toxicants are present, many species of fish
can withstand extremely high suspended solids concentrations for
short periods of time and will pass through highly turbid water.
However, fish also exhibit avoidance reactions to turbid waters and,
as with other toxicants, the introduction of solids may alter specwes
distribution by eliminating sensitive spec1es

Effects on Reproduction

- Extensive research concerning the effects of sedimentation of
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streambed gravels on fish reproduction has been accomplished. The
1iterature also relates erosion and other sediment transport processes
to a streambed sedimentation. Little of this work has attempted to -
corretate a Tevel of TSS or turbidity in the water column with sedi-

mentation or streambed gravels and resultant effects on fish reproduction.

Such a relationship would be most useful from a regulatory standpoint;

however, it would 1ikely be complex and dependent on sediment transport
variables.

One direct effect of TSS and turbidity on reproduction would be
the blocking of migration routes. Such blockage could prevent fish
from reaching spawning grounds to commence reproduction (Sumner and
Smith,. 1940; Cordone and Kelly, 1961; and Huet, 1965).-

Salmon and trout reguire permeab1e streambed gravels for spawning.
The female selects a suitable location, scoops out a depression in the
gravel - referred to as & redd - and deposits her eggs into. it. Heavy
sedimentation may prevent redd excavation and thereby inhibit spawning
(Barnhart, 1975). Fertilized eggs or embryc are covered with gravel
to incubate. Embryo survival (embryo development and the eventual
emergence of fry) is dependent on all environmental factors; however:
permeability of the streambed gravels appears to be the key element
(Vasillen, 1964). The apparent streambed water velocity and dissolved
oxygen (DO) concentration must be sufficient to maintain adequate.
intergranular DO levels for embryo respiration and to remove carbon -
dioxide and waste products. Fine particles may clog streambed gravels
via sedimentation or filtration, thereby reducing apparent velocity
and D0 concentrations and resulting in smothering of embryo (Cordone
and Kelly, 1961; Phillips and Campbell, 1962; EIFAC, 1965; Huet, 1965;
Koski, 1972; Newport and Moyer, 1974; and Barnhart, 1975).
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Some researchers have noted that the chorion or outer membrane
appears to attract fine silt particles that may eventually suffocate
the embryo when a complete coating is formed (EIFAC, 1975, and Koski,
1972). Additional mortality may result from direct physical pressure
of shifting gravels during high water (Barnhart, 1975).

In the event of embryo survival, fry emergence may be prevented by
the physical barrier of a clogged streambed. Mortality of trapped
fry then occurs from starvation (Koski, 1972 and Barnhart, 1975),

Figure 2 illustrates the relationship between particle and distri-
buticn and permeability. The coeffecient of permeability, which is-
indirect proportion to permeability, decreases rapidly as the percentage
of streambed material able to pass through a 0.833 mm sieve increases.
Particles less thanm 0.833 mm in diameter would be in the range of fine
sand or smaller. Koski {1966) and Hall and Lantz (1969) demonstrate
a significant relationship between an increased percentage of streambed
material able to pass through a 0.833 mm sieve and decreased embryo
durvival. Koski found that a 1% increase in such material decreased
survival by 4.5%. Hall! and Lantz developed similar information which
is graphically presented in Figure 3. - ' ' o

"~ In his Powder River study, Campbell (1954) exposed embryo in-
hatching baskets to turbidities ranging from 1,000 to 2,500 ppm.
Observed mortality was 100% as compared to only 6% for the embryo
in a nearby stream with no detectable turbidity. The Titerature
indicates that TSS and turbidity may prevent spawning, that sedi-
mentation of streambed gravels reduces permeability and embryo survival,
and that sedimentation of streambed gravels may prevent fry emergence.
Data correlating specific levels of TSS or turbidity with harmful
sedimentation was not found. Logically, it would be a function of
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sediment transport variabies

Effects on Fish Food Supply

‘Effects on fish food suppTy will be subcategorTZed into effects on
algae, plankton, and macrobenthos. ' S B

Of the aguatic plants, a?gae is of primary concern because of its
importance at the base of the food chain. Many of the benthic fauna
{variously referred to as macrobenthos, macrofauna, or macroinvertebrates
these animals exist on or under stream bottoms) and planktonic fauna
(animals drifting in the water column) subsist on algae. Whether benthic
or planktonic, algae require illumination for photosynthesis. E11ds
(1936) and Corfitzen (1939) found that even small amounts of TSS or
turbidity in water-reduced illumination and that the reduction might be
preferential in the shorter wavelengths (i.e., less than 0.5 microns)
most beneficial to plant growth. Additionally, TSS may "destroy aldae
by molar action" or physically cover attached algae {Cordore and Kelly,
1961, and Newport and Moyer, 1974). Quantitative 1nfofmat10n'corre1ating
specific levels of TSS or turb1d1ty with harmfu1 effects on aTgae was
not found. o '

Information related to planktonic organisms is limited. ~Studies
done on Cladocerans and Copepddé indicated unspecified "harmful" effects
starting TSS concentrations of 300 mg/1 (EIFAC, 1965). Clogging of
feeding aparatus and digestive organs was hypothesized. Diffeﬁeht:
Tevels of toxicity are indicated depending on the type of salids.
Unspecified "harmful" effects on the Cladoceran Daphnia magna were
noted at 392 ppm kaolinite and 102 ppm montmorillonite clay. However, a
Tower concentration of 39 ppm kaolinite appeared to stimulate reproduction.
Stimulation of reproduction may be either a compensation resulting from
toxicity or a positive effect.
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The ‘macrobenthos' includes those aquatic organisms that "Tive in,
crawl on, or attach to the bottom substrate of a body of water” and will
not pass through a number 30 U.S. standard sieve with openings of 0.59
mm (Cairns and Dickson, 1971). By definition they include insect larvae
and nymphs, crUstaceans, WOrms, clams,_and:a wide assortment of other
invertebrates. Macrobenthic organisms are a significant part of the
diet of fishes and are widely used as an indicator of water quality.

A decrease in macrobenthic diversity is often related to toxicity from
water poITutioh. | |

_ ‘There is a substantial body of Titerature which qualitatively.

supports the conclusion that sedimentation of streambed gravels results

in reduction or elimination of the macrobenthos. This reduction,. of course,
implies a subsequent reduction of food-avéi]ab]e to fish. Thi$_1iterature
frequently fefers to up~ and downstream sampling near mining and logging
operations where the downstfeam_samp]es show varying degrees of reduction

in abundance ahd/or_diversity (Bartsch, 1959; Cordone and Pennoyer, 1960;
Cordone énd_Ke11y, 1961;_EIFAC, 1965; Tebo, 1967; Chutter, 1969; Mackenthum
1969§ Newpoft and Moyer, 1974, and'Barnhart; 1975). However, the qualitative
CorreTation with'specific Tevels of TSS or turbidity is neither emphasized
nor evident and data of this type is limited. Tebo (1967) found a 75%
reduction in abundance of macrobenthos in a stream where turbidities

“of 261 and 390 ppm wére measured. EIFAC (1965) mentioned a report .
indicating that 60 ppm of TSS had not effected macrobenthos in one .

stream. Additionally, Cordone'and Kelly (1961) noted the possibility

of 1n;feased nutrients from sedimentation by organic soils possibly
stimﬁ1ating macrobenthos abundance. However, this concept is not given
muéh_credibi1ity. _ : > '
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The evidence cTéarTy supports the conclusion that clean, coarse
streambed gravels will support a more diverse and abundant microbenthos

and thereby provide greater food supply to fish (Cordone and Kelly, 1961,

and Brusveh_ahd_Prather

, 1974} than one which has become embedded with
sediments{

Gammon (1970) studied macrobenthos populations downstream
from a quarry'bn Deer Creek where natural TSS concentrations ranged
from about 15 to 40 mg/1 during the period of quarry operation. Waste-
water from the quarry was treated during the first year of the study,

in two settling basin arranged in series. During the next year only

one of the basins was used and average effluent quality increased from

- about 47 mg/1 to about 75 mg/1 TSS. It was found that an increase in’
1SS of about 40 mg/1 above normal stream conditions would increase the
drift rate of macrobenthos about 25%. Further, when TSS reached a
Tevel of 120 mg/1, the drift rate was fncreased to 90%.  The net result
of increased TSS as measured by Surber samplers was a significant-

decrease in macrobenthos populations despite the absence of visible -
accumu]at1ons of bottom sediments.

Effects Via Physical and Chemical Changes. .

Very Tittle was found concerning this subcatecory. - Besides the

- decrease in 1ight penetration which accompanies increased turbidity

~ and which has been mentioned with regard to photosynthesis of algae,
E17is (1936) found that solids interfer with heat transmission; because

they act as insulation. The possibility exists that decomposition or-

organTC material carr1ed with the solids could cause DO and pH changes,

part1cu1ar1y if they are deposited on the bottom and then resuspended

at some t1me in the future after undergoing some degree of anaerobic

decomposition, E111s (1936) found some indication of this; however,

others measuring DO and pH yp~ and downstream from mining operations
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have not found significant changes (Cordone and Kelly, 1961).

The Timited data indicates that large changes in temperature,
DO, and pH would probably not result from turbidity caused by'mininQ 
operations. It is noted, however, that even minor changes in these
parameters can materially affect aquatic organisms. '

Effects on Fish Populations

There are numerous comments in the literature concerning the overall
effects of TSS and turbidity on fish populations leading to the conclusion
that these factors inhibit the growth of fish and Tead to reduction of
fish populations. Despite the numerous references to popu1atioh chénges,
Tittle information relates such changes to specific TSS and turbidity_
levels. In several studies, it is implied that turbidity inhibits sport
fish and thus inhibits reduction in fish populations (Ward, 1938).
Although Puckett {1975), in surveys of the Fel River in California,
found that few sport fisherman attempted fishing when turbidities
exceeded 30 JTU, he attributes the decrease in the sport catch on the
Fel River since 1950 to a decrease in the river's production of steelnead
and salmon caused by excessive erosion and turbidity. |

Gammon (1970) found that the changes in fish populations Wefe:
species related. He concludes that increases in TSS concentrations
of 40 mg/1 or more above natural conditidns'depreséed'popu1ations'o? _
warmwater fishes. Newport and Moyer (1974) 1list data for a stddy in'
which four species of fish were raised for two growing seasons in ponds
of three different levels of turbidity; less than 25 ppm, 44086 ppm, and
116-214 ppm. The study demonstrated inhibition caused.by turbidity bf
both growth and reproduction. The total weight of fish in the clear
ponds was 1.7 times that in the intermediate-turbidity-Tevel ponds and
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5.5 times that in the most turbid ponds. Additional indication of TSS
and/or turbidity-caused reduction in fish population and/or growth rates
is contained in numerous references (Rees, 1959; Cordone and Pennoyer,
1960; Cordone and Kelly, 1961; EIFAC, 1965; Branson and Batch, 1974;
Bjornn, et. al., 1974; and Barnhart, 1975).

Several authors have suggested effluent limitations or water
quality standards to protect fishery resources. Cooper (1956), after
studying a placer mining operation, recommended that sediment in the
effluent be Tess than 0.1 mm in diameter and that effluent turbidity be
Tess than 25 ppm.. EIFAC (1965) concludes that "there is no evidence
that concentrations of suspended solids less than 25 ppm have any
harmful effects on fisheries" and that "it should usually be possible to
maintain good or moderate fisheries in waters which contain 25 to 80 ppm
suspended solids" at a somewhat lower yield of fish. These values
compare fairly closely with Newport and Moyers' (1974) conclusion that
"... the literature reviewed_to date indicates that a precise minimum
concentration of inorganic solids. detrimental to maintaining good fisheries
has not been unequivocally established. There is sound evidence, based
on.numerous research projects completed in this area, however, that the
suspended solids concentrations listed below are meaningful approximations:
0-25 ppm, no harmful effects on fisheries; 25-100 ppm, good tc moderate
fisheries; 100-400 ppm, unlikely to support good fisheries; and over
400 ppm, poor fisheries.”

Water Quality Control Technology

Solid/1iquid phase separation can be accomplished in a variety of
ways. The most common method is plain sedimentation in settling.or
tailings ponds. Such ponds have Jong been used by the mining industry.
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Whether by accident or design, the use of sand and gravel tailings as
filtration media has been practiced to some degree. More recently,
chemical coagulation and flocculation is not in use at some operations
where plain sedimentation was inadequate in removing fine particles

to levels required by regulatory agencies.. Removal of suspended solids
also reduces turbidity.

Settling and Tailings Ponds -

"Settling and tailinas ponds provide a relatively large, guiescent
volume where gravity sedimentation occtirs. The time required for -
sedimentation is a function of two combinations of factors: particle
size/mass/density and fluid density/viscosity/flow velocity. The larger
and denser particles settle out rapidly while the smaller and less dense
particles settle slowly, if at all. In colloidal suspensions, nealigible
settling occurs with time because the forces of buoyancy and drag are
“equivalent to gravitational force. Generally, a settling pond would be
thought of in terms of short-term wastewater containment on the order of
several days or less. Settling ponds should be buiit in pairs or with
plans for intermittent operation so that periodic shutdown and removal
of sediments is possible. A variety of shapes, sizes, and combinations
is acceptable depending upon the specific settling characteristics of
the wastewater being treated. Caution should be exercised, however,
since the design of efficient settling ponds requires considerably more
than merely digging a "hole in the ground." (Additional information
relating to settling pond design is contained in Appendix A.) Mine
drainage and mill process waters are often discharged to settling ponds
in the form of slurries, similar in nature to the washwaters discharged
from sluices at placer gold mines. Settling curves are necessary to
identify the settleability of the slurry, an important reguirement in
settling pond design. These curves are plots of either the solid-1iquid
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interface or residual turbidity above the interface versus time. Examples
of such curves are presented as Figures 4 and 5.

Settling ponds are capable of achieving a high degree of removal
of TSS. Williams (1973) indicates that a shallow settling pond near
Hunker Creek, Yukon Territory, Canada, was able to remove 73% of the
sediment load of that stream and reduced the TSS to 30 mg/1 in the
effluent., A situation more nearly approaching that which might be
considered more typical of mining operations is outlined by McCarthy
(1973) where drainage from a surface mine was directed to settling
ponds having a theoretical detention time of 8 to 23 hours, depending
on precipitation duration and intensity. A reduction of 99% TSS was
achieved; however, effluent TSS was still approximately 125 mg/1 and
effluent turbidity was approximately 100 JTU.

Tailings ponds are normally sized more for long-term storage of
tailings than for water detention time; however, a nominal detention
time of 30 days is often specified (Bell, 1974). Theoretical detention
times may run quite long and even approach zero-discharge in arid regions.
As-a result, tailings ponds can be expected to discharge effluents Tow
in TSS unTess the discharge is the result of heavy surface runoff, in
which case large amounts of solids might be washed downstream. Sceva
(1973) listed effluent analyses for eight tailings ponds receiving only
mine drainage or mi11 process wastewaters. TSS concentrations ranged
from 10 to 52 mg/1 and averaged 22 mg/1. Design and other pertinent
operational data for the ponds is not presented.

Tailings Filtration

Many old mining operations are marked by a relatively coarse material
called tailings. The efficiency of filtration through such tailings can

37




8¢

12
=
O
<
8
T
i
L]
I_
<
L
O
4
[._
T
Q
nil —
ok 1 | T ! 1 | L |
0 2 24 36 a8

TIME, minuieé

FIGURE 4: Tailings settling curve - interface. (after Bérubé, et al., 1973)

60



400

soob-|

N

O

o
|

- TURBIDITY, ppm of SiO;

00—

0 | ] 1 I | J ]
0 20 40 60
TIME, minutes

FIGURE 5: Tailings settling curve - residual turbidity. (after Bérubé, et al., 1973)

38




be expected to be low since the filter matrix is considerably larger
than the fine suspended particles for which removal is desired. In
some cases, particle size may be colloidal. However, if sufficient
filter thickness is available, significant removals may be obtained.
Williams (1973) presents data for a mine on Sulpher Creek, Yukon
Territory, Canada, where the sluice effluent seeps approximateTy two
miles through old dredge tailings before entering the creek. In the
process, there is a 96% reduction in sediment. However, since the

TSS concentration leaving the sluice is approximately 4,080 mag/1,

the discharge will still have a TSS concentration of approximately

180 mg/1. Unless substantial dilution occurs in the receiving waters,
adverse effects on fisheries will still be probable from this discharge
Since particle size distribution and settleability were not discussed,
the applicability of this data elsewhere is uncertain. R

Drainage or seepage through tailings ponds enbankments also under-
goes filtration. Eventual clogging of the filter matrix with fines
that are removed may temporarily make the filter more effective with
age but may also lead to self-sealing. |

Chemical Sedimentation

Chemical addition to improve sedimentation for purposes of reduction
of TSS and turbidity means the use of synthetic polyelectrolytes (polymers).
This is a relatively recent innovation that shows great promise for
removing turbidity caused by very small particles, including those in
colloidal suspensions. McCarthy (1973) has documented the successful
use of polymers at the Centralia, Washington, surface coal mine. The
first stage of the Centralia system consists of a settling pond that
is capable of removing 99% of the TSS. Effluent from this pond had a
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turbidity ranging from 85 to 120 JTU., The turbidity was apparently

caused by particles of near colloidal size that were negatively charged.

Addition of a cationic polymer, mixing via a vaned weir, and secondary
settling produced an effluent gquality ranging from 4 -to 15 JTU. This
degree of treatment was necessary to comply with a waste discharge
requirement which prohibited effluent quality of greater than 5 JTU
above the turbidity of the receiving water, ' ' '

One note of caution should be mentioned with regard to polymers.
Whereas the normal dosage rate should be Tow (on the order of 10 mg/1
was used at Centralia) and most of the polymer should be removed in
the sedimentation process, recent bioassay data has shown that some
cationic polymers may be toxic at relatively low concentrations.
(Biesinger, et. al., 1976) One polymer had an LC50 {the concentration
which is lethal to half of the test fish in a 96-hour bioassay) of 2.12
mg/1 to rainbow trout. Chronic toxicity would be expected at Tower

concentrations. Concentrations of polymers which might occur in the
effluent are unknown.

Operation Mode Changes

Additional control technology consists of operational mode changes
which may result in less usage of water, less erosion, or more optimum
usage of terrain. Replacement of hydraulic stripping of overburden
techniques by mechanical removal possesses whenever possible will
reduce water usage and wastewater treatment requirements. However,
it may necessitate timing of overburden removal to coincide with
break-up or freeze-up conditions if material that is unstable when
thawed is to be removed. Proceeding upstream so that old workings
may be used for construction of tailings filters and settling ponds
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would also be desirable. Diversion of runoff or natural streams around
mine works and reclamation, including revegetation, can reduce erosion
and may also be appropriate. Finally, it may be possible in some cases
to store wastewater until an appropriate discharge time when stream flow
and turbidity from natural causes is high. Although such a procedure
might enable some operations to comply with water quality standards,

effluent standard compliance would sti1l be a concern from a regulatory
standpoint.
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CHEMICAL/BIOLOGICAL PARAMETERS

" Introduction

Mining breaks up and exposes mineral deposits which may then
hndergo_chemica] and/or biological reactions leading to solution or
suspenéiqn of the minerals in water. The degree to which this may occur
and the resultant water quality is dependent on a number of factors
including the specific mineralization of the ore, the method of mining,

and environmental factors such as precipitation, presence or absence of
permafrost, and soil permeability. v

The effects of mining operations on water quality resulting from
chemical or biological processes are discussed in this chapter:in summary
fashion because of the Timited available information and the scope of
this report. Extensive information is available on the subject of acid
mine drainage (AMD): however, this topic is not reviewed in detail since
its application to Alaska is considered marginal.

Considerable work has been done in Canada relative to mining waste-
waters in a northern environment including mine drainage, milling effluents,

and containment or tailings ponds effluent. Much of this work should be

pertinent to future similar operations in Alaska. Some related work has

also been done with regard to the engineering aspects of tailings pond
embankment dikes. : - :

Acfd'Mine Drainags

There is no literature specific to Alaska concerning AMD; however,
there is considerable information on the topic with regard to other states.
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In the past, the emphasis has centered on the problems of AMD from coal
mines in the eastern United States. Some work has been done in Canada
with regard to AMD from base metal mines. It is not important to this
project to duplicate the work done concerning AMD with a detailed
discussion or compilation of references; however, the reader is referred
to the publication Water Resources Scientific Information Center (1975),
an extensive annotated bibliography on the subject.  Additionally, the
following references, not Tisted in that pub]ication, may be of interest:
Bell (1974), California Regional Water Quality Control Board, Lahontan
Region {1975); Mink, Williams, and Wallace (1972); Montreal Engineering
Company Limited (1973); and Sceva (1973). R

: AMD results from the oxidation of sulfide minerals.’ ATthoUgh iron
sulfide or pyrite is the most common mineral involved, copper, zinc,
lead, and other sulfides may also undergo acid forming oxidation (Herricks
and Cairns, 1973)}.  The overall chemical reaction for iron sulfide is
as follows:. ' ' o o s
4Fe.5'2 + 15 02 + 14 320 8H2.5'04 + 4Fe(QH)3
Since iron-oxidizing bacteria may be involved in the reaction, it is
both chemical and biological in nature. Mining operations disturb the
equilibrium and. accelerate the natural processes. Sulfide ores are
exposed to oxygen from the atmosphere and water from precipitation or
altered drainage patterns. The resulting drainage may be acfdic‘(nOfe
the production of sulfuric acid in the above equation) and have high
concentrations of a variety of trace metals as well as iron.
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Mine Drainage

Little information concerning mine drainage wastewater was located.
- If temperatures in an underground mine in a permafrost region can be
kept below freezing, mine drainage wastewater may be minimal. In |
discontinuous permafrost or outside the permafrost zone, drainage
problems are probable (Berube, et. al., 1973, and Johansen, 1975).
Berube, et. al. (1973) measured the water quality of drainage at one
Canadian gold mine in a discontinuous permafrost zone. The results,
listed in Table 5, should be considered with caution since they are
only the average of two samples taken on one day. However, they are
presented in this report as an indication of a mine drainage wastewater
that might be encountered. The presence of sulfates and various trace
metals was attributed to the dissolution of sulfide-bearing rocks, high
arsenic levels to the oxidation of arsehopyrite, and the basic pH to
the dominance of carbonacecus rocks. The wastewater characterized in.
Table 5 is untreated. Some form of treatment and dilution would be
necessary prior to discharge in order to meet water quality standards;

Milling Effluents (Tailings)

Mills are used to concentrate ores and a variety of processes are
possible depending on the metal being processed, the quality of the ore,
and other factors. In some of these processes reagents may be added
to facilitate the operation. . In one Canadian gold mil1l investigated by
Berube, et. al. (1973), the ore was beneficiated by crushing, flotation,
roasting, and hydrometallurgical processing including calcine cyanidation,
The flotation process involved the addition of copper sulfate, poly-
propylene glycol, potassium amyl zanthate, and sodium isopropyl xanthate.
Sodium cyanide and calcium oxide were added during the leaching operation




Table 5: Mine Drainage Wastewater Characteristics*

pH | 8.3 Units |
Suspended Sd]ids '1 .Percenﬁ by Weight
White Discoloration

Hardness 937 mg/1

sul fates 298 -
Antimony 2.4

Arsenic 3.8

Calcﬁum”. 312

Copper 1.63

Iron S0t

Lead | 0.46.

Zinc 0.318

Average of two samples taken on one day atzé'Canadiah gold mine; -

*Barube, et. al., 1973.
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and carbon and soda ash during quenching. Finally, zinc, alchem, dicalite,

and lead nitrate were added during the precipitation process and hydro-
chioric acid was used for cleaning. While it may be unusual for so many
reagents to be utilized in one mill, this example illustrates the wide
range that is possible. Additionally, crushing and grinding of the ore
results in the introduction of iron as the result of machine wear. -

The wastewater discharged from this mill was in the form of a
slurry with a solids content ranging from about 10 to 15 percent by
weight (Berube, et. ai., 1973}. This slurry.is referred to as tailings
and consists of gangue minerals and the residue of reagents and water
added in the mill., Average analysis of the solid portion of the tailings
at this mill on one day is listed in Table 6. Other water quality
information such as pH and color was not presented; however, settled
effluent characteristics are available in the original test and some
of those characteristics are Tisted in the séction of this chapter on’
water quality control technoiogy.

Natural Occurrence

Other than some of the reagents which might be added during the
milling operation, constituents of mine drainage and tailings occur
naturé?]y in the environment and in water. Mine wastewaters, however,
commonly have pH's that are either extremely basic or extremely acidic
and concentrations of trace metals which far exceed those normally
occurring.

The pH of most productive fresh waters is in the range of 6.5 to

8.5 and is a function of carbon dioxide and mineral content {Committee
on Water Quality Criteria, 1972). pH data specific to Alaska indicates

47




Table 6:

510
AL,05
Fe

Cal
Mg0 -
sulfur

Milling Effluent Characteristics*

55.6%
13.6% -
13, 5%

8.6%

4.0%
0.64%

Copper
Lead .

Zinc

Manganese

" Arsenic

41 ppm
700 ppm
810 ppm

1,C75.ppm
4,000 ppm

Average analysis of solid port10n of m1111ng eff1uent on ore day at
a Canadian gold mine. _ :

*Bérubé, et. al., 1973.
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little deviation from the above range. Limited studies conducted
along the trans-Alaska pipeline corridor from the Lowe River near
Valdez to the Sagavanirktok River near Prudhoe Bay included pH values
ranging from 6.56 to 8.60 (Alaska Operations Office, 1971) and may be
representative of naturally occurring waters in Alaska. Although a
minor reduction in pH is sometimes observed in streams and Takes in
tundra regions, available data does not indicate a Tow pH situation
as might otherwise be expected. A pH near, or slightly below, neutral
appears to be the general case (Barsdate, 1976; Brown and West, 19703
and Hobbie, 1976). o |

With the exception of iron, the natural occurrence of trace metals
in Alaskan waters appears to be in the Tow range generally found in
other parts of the United States. Table 7 is a comparison of mean
concentrations reported for five metals in surface waters of the United
States with Tevels measured in lakes of northern Alaska. The occurrence
of iron may reach unusually high Tevels in Alaskan surface waters and
particularly high lTevels are found in some turbid rivers. . Barsdate,
et. al. (1970) reported an average iron concentration of 4 mg/1 above
an eroding section of a small tundra stream. Upstreém turbidity averaged
§ JTU. In the Yukon River on 16 August, 1974, a value of 8.9 mg/1 of
iron was measured when the turbidity was 120 JTU.

Biological Effects

A significant body of literature exists concerning the biological
effects of pH and trace metais; however, less information is available
concerning the effects of some of the milling reagents. pH deviations
higher or lower than the natural range tend to produce toxic effects
proportionate to the amount of change and final pH reached. Synergism
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Tab]e»?ﬁ 'Natura1 Oééurkence of Traée'Metals'in Surface Watérs

Meta]"' .

Copper
Irdﬁ
Lead
Manganese

Zinc

Average Total
United States:
Concentration (mg/1)

1
1

~ 0.015

0.052

0. 00562

1
5

0.058
0.1759

*Dissolved fraction only.

1. Kopp, 1969.

2. Durham, Hem and Heidel, 1972.

3. Barsdate, 1976,
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Northern Alaska -
Concentration (mg/1)

- 0.0054

0.224
0.0006*
0.0910

- 0.0051




between pH changes and the effects of some toxicants has also been
established. For example, an increase in pH would result in less:
dissociation of ammonia and a corresponding increase in toxicity.

Most species of fish cannot survive if the pH is reduced below 4.0

or raised above 9.5. The buffering capacity or resistance to change

in pH is a further factor of importance since Tow alkalinity or a major
reduction in alkalinity would allow greater pH changes (Committee on
Water Quality Criteria, 1972). '

_ . Many metals are micronutrients. That is, they are required in small
- concentrations for proper nutrition and their absence is detrimental

- to metabolism of many organisms. At higher concentrations, they exert

a toxic effect. The toxicity of a metal is dependent on a variety

of factors including other water quality parameters (pH, temperature,
hardness, DO, turbidity, the presence of other metals or toxicants) and
the species and condition of the organism. Acute toxicity may resuit
from exposure to relatively high concentrations of some metals while’
lower concentrations produce chronic toxicity of a more subtle nature.
For example, Mount (1968) found an LCgy for copper to fathead minnows

of 0.47 mg/1 in hard water (hardness of approximately 200 mg/] as'CaCO3)
whereas an application factor of 0.03 was recommended to avoid adverse
effects on reproduction {0.0T4 mg/1 or copper). An excellent summary

of metal toxicity information is provided bv the Cormittee on Yater Quality
Griteria (1972). |

Milling reagents such as.copper suifate, sodium cyanide, zinc,
and Tead nitrate are known toxicants. Bioassay testing has also -
demonstrated the toxicity of xanthates used in flotation (Leduc, Ruber,
and Webb, 1973). Others such as calcium oxide and-soda ash produce -
pH changes and carbon adds to turbidity and the suspended solids Toad.
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Information pertinent to chemical feed rates, wastewater flow rates;
dilution, and residual chemicals in the effluents from tailings ponds
was unavailable. '

Water Quality Control Technology -

. The primary control technology currently in use is the tailings pond.
Other control technology available incTudes chemical sedimentation, pH
neutralization, and the more advanced and expensive processes such as
filtration, jon exchange, and reverse osmosis. Due to the Timited scope
of this paper and the predominant technological use of tailings ponds,
the effectiveness of that technology is discussed herein. Other processes
are in use; however, outside of the coal mining industry of the eastern
United States their use is not widespread. Advanced treatment technology
is expensive to implement and is therefore not used, even when necessary
to mitigate adverse water quality impacts, due to nonenforcement of
water quality standards. R : -

 Mine drainage and milling wastewaters are normally discharged to
tailings ponds for treatment (settling) after reuse possibilities have
been fully exploited. By that time the wastewater characteristics may
be similar to those listed in Tables 5 and 6. Suspended solids con-
centrations are very high and significant levels of trace metals are
probable, e

The design of tailings ponds in the past has centered around the
objective of storage of soiids during the operational T1ifetime of the
mine (Roy, LaRochelle, and Anctil, 1973; and Shields, 1975). The
large ponds have provided relatively long retention times which has been
fortuitous from a water quality standpoint. With new emphasis on enviran-
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mental protection and safety during and after the operational lifetime
of mines, greater attention to the prevention of seepage and the .
minimization of abandonment costs is being paid. (Roy, et. al., 1974,
and Shields, 1975). Many states now require approved mining plans for
new developments which specify reclamation of the land and prescribe
measures for water quality control after mine shutdown. Such control
measures are more effective and economical when integrated into planning
from the start. For example, if natural drainage can be routed around
tailings ponds in the design phase, a washout is less likely during-
operation and Teachate generation is reduced after abandonment.

Despite the h{gh proportion of fines in the tailings slurries (at
one Canadian gold mine 60% of the solids were less than 15 microns in
diameter and 9% were less than 2 microns) sedimentation tests have
demonstrated that extensive coaguTation:and rapid clarification is-
likely. At two Canadian mines, residual turbidities of approximately
20 ppm (Sioz) were observed to occur in less than 20 minutes of settling,
after which 1ittle change was seen (Berube, et. al., 1973). Examples
of the typical settling curves observed at these mines are shown in
Figures 4 and 5. At two other mines, rapid initial settling was
observed; however, the sedimentation tests indicated slightly Tlonger
times were necessary (30 minutes of settling) to achieve slightly higher
residuals (60 to 70 ppm){(Roy and Vezina, 1973).

The effectiveness of tailings ponds is also a function of whether
or not natural drainage is excluded from them or must pass through them,
In dry climates and where drainage 1s routed around tailings ponds, it
may be possible to achieve zero discharge. Where natural drainage
transits the ponds, a steady discharge may occur and it will increase
with stream flow. Problems involving ice-jamming of spillways or exit
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- structures, washouts of solids, and breaching of dike embankments
are probable during breakup in the spring. Washouts are frequently
seen during precipitation events.

Tailings ponds also provide a degree of natural oxidation which
Berube, et. al. (1973) found to be effective in reducing COD. Reductions
as large as 90% were observed, A related increase in sulfate concentrations
and oxidation of cyanides and trace metals was noted. Despite this
oxidation and the presence of basic pH levels, several trace metals:
(copper at 14:mg/1, nickel at 1.6 mg/1, and arsenic at 14 mg/1) and
cyanide (at 13 mg/1) were still found in excessive concentrations in
the tailings pond effluents. ' '

Wallace, Hardin, and Weir (1975) reported the results of biocassays
conducted on the seepages and effluents from six tailings ponds in’
Canada. Acute toxicity to rainbow trout was demonstrated in four of
the six cases and elevated concentrations of cyanide, arsenic, copper,
iron, and zinc were detected. ' '
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WATER QUALITY EFFECTS OF ALASKA MINING

introduction

Although mining activities in Alaska are not ]imited to gold and
coal, this research project and associated literature review is focused
on those two important commodities. Gold mining'has historically been
of great importance in Alaska and recent increases in the price of gold
have resulted in a resurgence of activity in Alaska. Recent interest
has also been shown in developing Alaskan coal.reserves to supply national
energy needs. Those reserves are substantial and largely untapped.

Placer Gold Mining

| ~ Research concerning the effects of placer go]d'mining in Alaska
on water quality is extremely Timited. The early p?acer.go1d mining
Titerature discussed water only in terms of supply requirements (Hilchey,
1947). Not'unti1_recent1y has there been. sufficient interest in the
impact of mining on water quaiity to attract a research effort. The
major published work in this subject area is the Alaska watér Laboratory's
controversial 1969 publication "Effects of Placer Mining on Water Quality
in ATéSka.f Field work for that publication was conducted during the
summer and early fall of 1968 and was originally intended as preliminary
groundwork for further investigations (Mitchell, 1975). Other work
completed during that same summer was published by the Institute of
Water Resources (Morrow, 1971), Both of these studies attempted for
the first time to measure the direct effects of placer gold mining in
Alaska dh water quality and the aquatic environment.

- The Alaska Water Laboratory (1969) study consisted of water quality
and biological sampling in six different mining districts and involved
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ten mines. The study conclusions were as follows:

1. Water quality downstream from placer mining operations showed
increased turbidity, decreased dissolved oxygen, and decreased populations
of fish and fish-food ofganisms when compared to upstream conditions

2. The major impact of placer mining operations results from
- hydraulic stripping; actua1 ore washing (s1u1c1ng) generally has a

smaller effect o ' '

3. Water quality contro] techno1ogy is available but is genera1]y
not in use - ' '

4. MWater quality effects may continue after the term1nat1on of
mining operations due to accelerated erosion.

Turbidity increases far in excess of present water quality standards
were noted during the study. The highest Tevels were measured during
hydraulic stripping operations and were accompanied by DO reductions and
decreased populations of fish-and fish-food organisms. In the worst
‘case, a turbidity of 111,000 JTU's and a DO concentration of 0.0 mg/1
were seen just below a mine where stripping cperations were in progress.
What might be considered a more typical situation, resulting only from
sluicing, would be a turbidity of 3,600 JTU's and a DO concentration
of 7.4 mg/1 (the DO was reduced approximately 2 mg/1 from upstream
conditions and the turbidity was essentially all a result of the sluicing)
measured just below a mine where mechan1ca1 str1pp1ng methods were
emp1oyed '

In a sharp1y'worded'papér; the Alaska Division of Mines and Geology
criticized {Williams, 1969) the conclusions of the Alaska Water Laboratory
study. It was noted that the data base was small and that the work may
have occurred during an atypically dry summer. There were unanswered
questions concerning the impact of placer mining on dissolved oxygen
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concentrations and the duration and magnitude of biological effects.
Furthermore, although Williams didn't discuss this point, the Alaska
Water Laboratory report did not deal with the efficiency or economic
feasibility of available treatment technology.

Morraw (1971) concluded from his work that placer gold mining.

operations might have limited adverse effects on streams where over-

burden is thin and has a Tow organic content. He detected elevated
turbidity, decreased fauna].poputhions, and siltation of streambed
graVeTs downstream from-a-small intermittently operated placer mine.
However, he hypothesized that high water flows might flush the silt
downstream and allow recovery to natural conditions in a relatively
short time frame. Morrow's findings were consistent with those of .
the Alaska Water lLaboratory,. but are open to the same criticism - they
are only supported by a small data base.

Arsenic
Another aspect of the impact of placer gold mining on water quality

‘that has recently received attention is introduction of trace metals,
particularly arsenic. Wilson (1975) sampled surface streams, springs,

and wells in the Pedro Dome-Cleary Summit area north of Fairbanks, Alaska.

 He found relatively high concentrations of arsenic. which he postulated
were the result of past and present mining operations. Arsenic is known
to occur primarily as arsenopyrite which can be associated with gold
mineralization such as that in the Pedro Dome-Cleary Summit area. As
previously mentioned, mining accelerates natural weathering brdcesses
by exposing minerals to air and water and by reducing average particle
size. Tailings from paSt mining operations have, on occasion, been
dumped into streams and water percolating through the tailings, in or
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out of streams, may leach out arsenic and other minerals. Wilson (1975)
found high arsenic concentrations in sediments downstram from old tailings
deposits. He also found elevated arsenic concentrations downstream of
present~day placer mining operations where sluicing is practiced. -
Sluicing may result in the suspens1on (solid form) and particle solution
(dissolved form) of arsen1c H '

The 1iterature indicates that naturally occurring arsenic concen-
trations in surface waters are on the order of 0.01 mg/1 or less (Taylor,
1962, and Smith and Hayes, 1975). Interim federal and state drinking
water standards contain a maximum contaminant concentration 1imit for
arsenic of 0.05 mg/1. Wilson (1975) found concentrations of arsenic
as high as 15.0 mg/1 in Cleary Creek downstream of past and present
mining operations. Very high arsenic concentratfons were associated
with stream sediments and suspended solids in the water column (600
and 200 ppm respectively). Wilcox (1976) found significant concentrations
of arsenic in surface waters and wells in the Ester Dome area west of
Fairbanks, Alaska, downstream from past and present mining operations.

In several cases, however, high concentrations were measured which were
thought to be removed from the influence of mining activities. The
majority of the arsenic in surface waters was in the solid form whereas
the arsenic found in well waters was primarily in the dissolved form.

The maximum concentration found was 3.0 mg/1 in a well supp1y1ng drinking
water to a private residence. ' '

Regulatory Data - -
Although no other research has apparently been done in Alaska

directly involved with the effects of placer gold mining on water quality,
field work by personnel of the Alaska Departments of Environmental
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Conservation and Fish and Game during the 1975 mining season produced
some related information. The only case where water quality measure-
ments were taken involved the Klondike Placer Gold Corporation mine
near Livengood, Alaska.. Measurements were taken in the Tate spring
and early summer when turbidity increases resulted from hydraulic
stripping of a ditch in ice-rich permafrost. The ditch was meant to
replace an old water supply tunnel which had collapsed. Although .-
s1uicfng occurred Tater that summer, no measurements were taken at
that time. Turbidity was in excess of 1,000 JTU's on Livengood Creek
. at a point several mines downstream from the settling ponds. Readings
as high as 400 JTU's were measured several mines further downstream
after diTution by the Tolovana River, a larger stream. Discoloration
of the Tolovana River due to the turbidity was traced 25 to 30 miles
downstream by airborne observers (Fedeler, 1975, and Mach, 1975).
Reportedly, settling ponds and filtration through coarse tailings

were ineffective in noticeably reducing turbidity (Mach, 1975).
Although more detailed information and data concerning these operations
was requested from both the miners and regulatory agencies, it was

not received.

Related Stream Disturbances

Some closely related work of the effects of sedimentation has been
done or s in progress in Alaska. McVey (1959) discusses the impact
of gravel removal from streams on Kodiak Island on the saTmon fishery
there; however, he presents no quantitative data other than declining
salmon packing plant production figures following large scale gravel
removal operations. Shapley and Bishop (1965) investigated the artificial
intentional sedimentation of a portion of Maybeso Creek near Ketchikan,
Alaska. Sediment was introduced via hydraulic mining. 1t was found
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that suspended solids concentrations of less than 50 mg/1 produced a
significant increase in percentage of streambed material 0.833 mm~

or less in diameter, even aftér partial flushing by high water flows
following a precipitation event. However, no decrease in intergranular:
DO was measured and high water flows following additional precipitation
events flushed the streambed clean within two months. Lack of oxygen
demand due to low organic content of the sediments or sparse benthic
biota could account for the fack of decrease in intergranular DO following
streambed sedimentation. The U.S. Fish and Wild1ife Service is
spansoring research in Alaska which commenced in late 1975 to determine
the water quality effects of stream gravel mining in Alaska. The first
phase of this work is a literature search and the results will not be
available for some time. Although there have been cobservations of turbidity
increases resulting from construction of the trans-Alaska oil pipeline,
these are frequently qualitative in nature (i.e., muddy water) rather
than quantitative (Rockwell, 1975). Quantitative work conducted by the
U.S. Geological Survey has not been made available by that organization.
The EPA's Arctic Environmental Research Laboratory has conducted portions
of a study of the Chatanika River underground pipeline crossing which
involved biological, physical, and chemical sampling up-and downstream
of the crossing. This investigation is continuing into the after-con-
struction phase and the results will not be available for some time.

Canadian Placer Gold Mining "

There has been some relevant work done in Canada over the past
several years regarding placer gold mining and water quality. Some of
the work by the Canadian Department of Indian Affairs and Northern
Development has already been mentioned in this report. Williams (1973)
presented monitoring data and a state-of-the-art summary of practices
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in the Klondike Gold .Fields of the Yukon Territory. . Further information
exists in other reports including those of Brandon (1974), Williams
(1974a and 1974b), and Boyd (1975). The Canadian Fisheries and Marine
Service is in the process of publishing the results of two years of
studies concerning water quality and biological impacts of placer gold
mining in the Yukon Territory. This work is not yet availabie.

Mercury -

A further potential problem about which there is no information
available is the possibility of discharge of mercury from those washing
plants where mercury may still be employed in the sluices to aid in
the removal of gold by amalgamation. It is unknown to what extent
these practices may still be employed, or, when they are, how much mercury
may be discharged; however, mention of its use during the 1975 season
was made at several mines in Alaska.

Surface Coal Mining: .

It is estimated that twelve per cent of the United States' strippable
coal reserves are located in Alaska, primarily in deposits found on the
arctic North Slope (Grim and Hi1l, 1974). Nevertheless, the major use
of other fuels in Alaska, the manifold problems of cold region develop-
ment, and adverse 2conomics of transportation have resulted in Timited
coal mining activity to date. Usibelli Coal Mines, Inc., is currently
operating Alaska's only commercial surface coal mine in the Nenana
Field near Healy, Alaska. o Con

There is virtually no specific information available on the observed
impact of surface coal mining in Alaska on water quality. Jirik (1973)
speculated on potential problems related to permafrost degradation and
subsequent erosion. Zemansky, Tilsworth, and Cook (1975) attempted to
consider potential impacts based primarily on information from sources
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outside of Alaska. Neither of these papers presented quantitative

Alaskan data. There is, however, reason to believe that past mining

activities  utilizing hydraulic stripping of overburden did introduce
large quantities of solids into some streams in the past (Usibelli, 1975).

Due to the relatively Tow sulfur content of most Alaskan coal, it
is generally considered that acid mine drainage is not a significant
potential problem. It is reasonable to expect that mine drainage would
be alkaline in nature rather than acidic; however, 1ittle quantitative
data is available. Acid-forming minerals might be concentrated in washing-
plant effluents; however, this potential problem has not been investigated
either, ' ' :

Interim federal effluent limitations for the c¢oal mining industry were
published in October of 1975 (USEPA, 1975b) and are listed in Table 8,
The coal industry has been categorized into mining drainage and mining
services. Mining drainage is subcategorized into acid or ferruginous
and alkaline and mining services are subcategdrized into coal preparation
plants and coal preparaticn plant ancillary areas, refuse storage, and
coal storage. BPCTCA, new source, and BATEA limitations are the same for
all parameters in all subcategories and become more stringent moving
from BPCTCA to BATEA. Zero discharge via water reuse is specified for
the coal preparation subcategory. e '

' Treatment'technology'is also similar in all cases and consists of
variations of 1ime neutralization, aeration, sedimentation, chemical
sedimentation (utilizing polymers or lime), and possibly filtration.
The use of reverse osmosis to remove dissolved solids was considered
in the development of the BATEA Timitations; however, it was decided
that reverse osmosis technology was not sufficiently advanced to be
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Table 8: Interim Federal Effluent Limitations for Csal Mining

A]T Categpries

30 Day Average Daily Maximum
Parameter BPCTCA New BATEA BPCTCA New  BATEA-
Total Iron 3.5 3.0 3.0 7.0 3.5 3.5
Dissolved Iron 0.3 0.3 0.3 0.6 0.6 0.6
Total Aluminum 2.0 2.0 2.0 4.0 4.0 4.0
Total Manganese 2.0 2.0 2.0 4.0 4.0 4.0
Total Nickel 0.2 0.2 0.2 0.4 0.4 0.4
Total Zinc 0.2 0.2 0.2 ' 0.4 0.4 0.4
Acid or Ferruginous
Mine Drainage
TSS 35 35 20 70 70 40
Alkaline Mine
Drainage 25 25 20 50 50 40
Coal Storage, Refuse
Storage, and Coal
Preparation Plant
Ancillary Area _
TSS 35 35 20 70 70 40

*A11 values are in mg/1. Additionally, there is a pH Timitation for each
sub-category of from 6 to 9. The effluent Timitations for the sub-category
coal preparation plants is zero discharge. (USEPA, 1975a)
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considered operational in this application.” Solid-l1iquid phase separation
for slurries discharged from coal preparation plants is to be accomplished
by the use of settling ponds, thickeners, and filters. Centrifuges

were not specified; however, they would also be available for this
purpdse. S

64




EVALUATION CF DATA AND IMYESTIGATORS' CCMNCLUSIGIHS

Summary and Conclusions -

1.. Information concerning the impact of mining on water quality
is limited. Information specific to placer mining and mining in Alaska
is particularly lacking. However, there is a relatively large body of
information available concerning acid mine drainage. '

2. A comprehensive study of the effects of placer mining on water
quality has apparently not been conducted; however, a number of studies
attempting to define the biological effects of streambed sedimentation
have been completed through the years in other states and a report of
the findings of a recently completed two-year Canadian study is now in
pubTication. :

3. The available evidence indicates the following potential -
water guality problems associated with placer mining:

a. Changes in physical parameters - primarily, increased turbidity
and suspended solids; and chemical parameters - primarily, decreased DO
and increased trace metals concentrations such as arsenic and mercury.

b. Water quality deterioration resulting in changes to the aquatic
environment including effects on fish and fish food organisms

c. MWater:quality changes resulting in an adverse effect on human
uses of the stream including degradation of esthetic quality and:
introduction of toxic trace metals.

4, The very limited body of information specific to Alaska tends
to support the aforementioned conclusions. Although some of the
potential problems could be expected to be relatively minor and short-
lived, others might be of major conseguence and long-lasting. The
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lack of information precludes a thorough evaluation. .

5. The development of Federal effluent limitations for placer
mines is still in progress. In the meantime, NPDES pefmifs have been
issued with effluent limitations. The rationale behind these effluent
limitations is unknown and is questionable.

6. Alaska water quality standards are applicable to waters
impacted by mining discharges. As with the Federal 1imitations, the
rationale for the State standards is unknown and is questionable.

7. There is an apparent lack of monitoring of mining operations
as well as a lack of water quality standards enforcement.

8. Technology is available to provide treatment sufficient to
meet effluent limitations and water quality standards; however, it is
apparent that such technology is generally not in use. The economic
feasibility of technology implementation is questionable. -

9, There is a lack of understanding of water quality problems
related to mining on the part of both miners and government regulatory
agencies. Some miners are unwilling to acknowledge environmental
concerns while some government regulatory agencies Tack the necessary
knowledge about mining operations. A tendency to ignore the problem
when possible and to maintain the status quo has been the evident
result,

10, There is a 1ittle ongoing research related to mining in Alaska
and water quality and none is of the necessary scope.
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11. It 1s probable that Alaska will continue to develop and that
mining activity will increase in response to national demand for non-
renewable mineralis. 1In the process, there will be conflicts in land
and water use which will 1ikely aggravate problems that are unsolved
today. The burden is on government, with industry and public partici-
pation, to develop and implement plans and standards which are responsive
to public needs. Public needs include the extraction of minerals in
an environmentally compatible manner, where that is the primary beneficial
use, and absolute environmental protection in some other areas,

12. Optimum solutions are not 1ikely without sound planning

supported by well founded research data. After rational standards are
determined they must be enforced if they are to be effective.
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APPENDIX




 APPENDIX A
SETTLING PONDS -

Introduction

The state-of-the-art for the control of sediment discharge from -
placer mining operations is not well advanced. Although the technoloay
exists to fully control these discharges so as to. reduce or eliminate
water quality impacts, the technology available is not being utilized.-
Nonutilization is occuring for sevaral reasons, including: (tech-
nology is too compiex and reguires skilled personnel, 2) economics are.
prohibitive, 3) nonenforcement of regulations occurs - thus advanced -
technology is not required, 4} technology is not. app11cab1e/adaptable to
small and/or remote operations, and 5) other.

One particular facet of existing technology that is being used for
sediment control is "settling ponds." .These ponds are part of the
control strategy proposed by the federal government as part of their
interim regulations. Unfortunately many of these ponds are no more than
"holes in the ground” havqng Tittle or no engineering basis.

Theory

Settling ponds should provide a relatively large and quiescent -
volume where solid particles suspended in water may settle to the bottom.
The process is called sedimentation and occurs when sufficient time is
provided for gravity to overcome the opposing forces of bouyancy and.
induced drag on the solid particle and when hydraulic conditions are
suitable. The efficiency of sedimentation is theoretically dependent on
a compiex range of variables which describes the nature of the solid
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particles and the water they are suspended in. Particle size, shape,
mass, and density and water density, viscosity, and hydraulic factors are
some of the more important variables. When the concentration of solids
is high, particle interactions may also be important. Al17 of these.
variables would be considered in an engineering approach to optimum
settling pond design. If particle size is very fine and specific gravity
of the particles is low, settling will be slow or even negligible. For
example, a colloidal suspension (particles ranging from 0.0001-0.00000]
mm) would remain nearly unchanged with long settling times. Very fine
silts or clay suspensions might require weeks of settling to achieve a.
clear supernatant. Theoretically, there are four distinct types of.
sedimentation which are dependent on the suspension concentration and
the flocculating properties of the particles (Weber, 1972). They are:
Type 1 - Dilute suspension, non-flocculating discrete particles. -
Type 2 - Dilute suspension, flocculating particles.
Zone Settling - Intermediate suspension, flocculating particles.
Compression Settling - Concentrated suspension in compression, -
discrete and flocculating particles..

Analytical Determinatians

An approximation of the settleability of a wastewater can be obtained
by collecting a sample in a glass Jjar and observing how long it takes
for the majority of solids to settle to the bottom. The jar should be
cylindrical in shape and calibrated so that vertical height-can be -7~
measured in the water column. Where initial solids concentrations are
high and settleability is good, a relatively clear water supernatant
will form above a sludge layer. The 1ine of separation between the ' :
supernatant and sludge is called the "mud-line" {interface of zone = ‘..
settling).and a graphical plot of mud-1ine" height versus time is called
a settling curve. In more dilute wastewater the "mud-line" may not be
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distinct and a plot of supernatant solids concentrations or turbidity -
versus time would describe the settling curve. " A sarole curve is
shown as Figure 4. In some cases detailed analyses are required in
order to achieve optimum sedimentation results through engineering
design. This is particularly true when dealing with coiloidal type
materials. It would be necessdry to perform soil type analyses as
well as a settling column analyses’ (Weber, 1972, and APHA, et al., 1971).
Engineering analysis of the problem may determine that gravity sedi- -
mentation is ineffective and a nonviable solution and thus some -
“alternative, such as coagu]at1on/f1occu]at1on or chemical prec1p1tat1on
may be necessary B '

~ Application

The general lack of information for placer gold mining operations
precludes a thorough design analysis of settling ponds (Berube, et.al,
1973). It is surmiseéd, however, that soil encountered in placer gold
mining operations may range from large gravel to clay and thus theoretical
désign consideration would be directed at suspensions that include all
four categories of "ideal" sedimentation theory. ' This means, for example,
that soil encountered would' include gravel, sand, silt, clay and mixtures
thereof, and the suspensions would range from dilute to concentrated
and flocculant to discrete nonflocculant It is hypothesized that’
turbidity could be removed through natural coagulation processes but
it is highly doubtful that ex15t1ng State water qua11ty standards for
turb1d1ty could be ach1eved '

As mentioned previously, the EPA has considered a permit require-

ment of settling pond(s) sufficient in capacity to contain the maximum’
volume of process water used during any one day's operations. The
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minimum one-day detention time would theoretically allow for settling
of fine silt suspensions; however, settling pond design should be
based on settling-velocity experiments rather than arbitrary parameters
which may or may not be'adequate (Weber, 1972).

The volume of process water used in any one day's operation may:
vary widely from mine to mine and would be dependent on the material
being worked, continuity of operation, and the grade, size, and type of
sluice. Hilchey (1947) quoted the "duty" of water in Alaskan sluices.
as varying from 0.32 to 1.60 cubic yards of material per miner's inch/day.
In other words, a miner's inch (one fortieth of a cubic foot per second
of water) flow of water could be used to sluice from 0.32 to 1.60 cubic
yards of material. A miner's inch would equal 16,200 gpd. Hilchey (1947)
also quoted sluice water flow rates ranging from 300 miner's inches
(7.5 cfs or 4,840,000 gpd) for a 24-inch wide sluice 20 inches deep to
2,600 miner's inches (65 cfs or 42,000,000 pgd) for a 52-inch wide sluice
36 inches deep when both were on the same grade (6 ihches per 12 feet).

If maximum daily flow is known, the volume required for the settling
pond may be readily calculated using the equation V = Q t where V is the
volume, Q is the flow rate in units of volume per time, and t is the time
of one day. For examples purposes, total water use of 300,000 gallons
in one day has been arbitrarily Chosen.- Such a flow rate might be seen
at a small placer gold mine and would amount to 0.46 cfs or. 208 gpm .
if a 24-hour working day is assumed. Actual washing rates would 1ikely
be higher since the water would probably be used over less than a 12- -
hour period; e.g., 300,000 gpd over a 12-hour period equals 417 gpm or
0.93 cfs.  Since there are approximately 7.485 gallons of water per
cubic foot at about 50°F and atmospheric pressure, 300,000 gallons would
occupy a space of 40,080 cubic feet. As sedimentation occurs a volume
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of the pond must be provided for sludge storage. Allowing 50% (arbitrary
value) additional volume for sludge accumulation and assuming intermittent
operation with drain down and sludge removal when the pond is one-third
full of sludge, total pond volume required would be about 60,000 cubic
feet. The percent additional volume provided for sludge storage is
depehdentidn the characteristics of the soil and the suspension as well

as the mode/manner of sludge removal. The pond must be of sufficient
depth to prevent hydraulic scouring from inhibiting settling; however,
settliing is more efficient when pond surface area is maximized. Theoreti-
~ cally, all particles which settle at a velocity (NS) greater than the

- ‘overflow rate (vo) will be removed in the settling pond. "v," can be
calculated by dividing the volumetric flow rate by the surface area

(vO = %J. When A is maximized, v, becomes small and particle settling
velocities will be more 1ikely to exceed Vg If we arbitrarily pick a
depth of 4 feet (2.67 feet effective settling depth plus 1.33 feet for
s]udge_storage)_for_our_exampie pond and for east of calculation assume

a rectdnguTar shape, "A" would équa] ]5,000 square feet and pond dimensions

ot 75 by 200 feet might be suitable, iy W would then eqtjaTﬂ’{LOOO cubic feet/day

-5 0 15,000 square feet
or 2.67 feet per day or 3.09X10 ~ feet/second. The theoretical particle

size with a settling velocity of 3.Q9X1075 feet/second would have a
diameter of 3.7 microns, the size of fine silt (assuming a water temperature
of 50°F and a spherical particle of 2.65 specific gravity). Smaller
particles with slower settling velocities would also be removed to some
degree, but not completely.

Other design considerations should include hydraulic evaluations
for the inlet/outlet areas of the settling pond, prevention of short
circuiting, and the depth, Tength and width relative to the pond
configuration. Alternatives for sludge removal must also be studies.
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EXAMPLE CALCULATION - SETTLING POND
Measured Flow = 300,000 ga11ons/day GPD) = Q.
Q = 300,000 GPD = 208 GPM = 0.46 CFS'
Actual Water Use Rate fs 300,000 over 12-hour per1od 600,000 GPD
= 25,000 GPH = 4]7 GPM = 0.93 cfs. -
Regulatory Requirements = Detention Time (D.T.) = 24 hours.
Design AssumthOns o - |
(1) Pond Settling Capac1ty 24 hr. = 300,000 GaT1ons = %9%§%983$%1—3
= 40,080 ft°.
(2) Sludge Storage Capacity = 50 of Pondzséttffng.Céﬁacity:
- 0.5 x 40,080 = 20,040 ft3. L
(3) Total Pond Volume

1

Settling Capac1ty + S]udqe Storage' :

= 40,080 + 20,040 60 120 ft3

(4) Assume the pract1ca] depth to be 4' of wh1ch 2.67 feet is for
effective settling and 1.33 feet is for sludge storage. Total
depth = 4 feet. _ . _ o e

60,120 _ 40,080 2

(8) A, (surface area) = - =

T o 15,030 ft~.
(6) Assume Length to Width Ratio = 2:1
L=2d
242 = 15,030
W2 = 7,515 ft.
W= 86.7 ft. width
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L = 173.4 ft. width
d = 2.67 ft. effective settling depth
dg = 1.33 ft. storage capacity |

(=N
t
[}

4.00 ft. total depth

173.4"

,/;x\ — ]

86.7'

* 2.67°
Inlet X n——i-

Qutlet

Zone I ‘-_/ ;:::_*H? ?1.33'
| 4.;0 ’,‘,/’ _ P |

~ Sludge Storage

el

Calculations:

(1} Overflow Rate = O.R.

. 0. 46 ft. /sec
= WA 15,030

3.06 X 107° ft./sec
9.33 X 1078

1

m/sec

(2) Use the following soil classification
(Hough, B.K., 1958%):

size c1assification:
~sand - 0.05 to 2.0 mm
silt - 0.005 to 0.05 mm

clay - less than 0.005 mm :
colloids - 0.000007 to 0.0007 mm
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terminology:

specific gravity

s.g. =
HZO’ S.G. = 1.000"
8 = specific weight;'#/ft.g-
HZG’ 8§ = 62.4 #/ft.
-, "y : #~sec2
o = mass weight density, o

HZO’ p = 1.94 #-sec
ft 4":

specific weights {wet):

sand - & = 77 to 93
silt - &6 = 8] to 87
clay - 8§ = 8] to 94

colloidal clay - § = 71
gravel, sand, silt, clay mixture - § = 125

S.Q

5/8 water
b i

/9

(3) Calculate smallest particle removed -

o

Assume Vg (sett1ing velocity) = Vo = 0.R.

10°C

It

Assume Temperature = 50°F

i

Assume Sand Particles, p.

2.64, § = 85, S.G6. = 1.36
- 2

[{

i o)
. u- #.
u (dynamic viscosity) = 0.273 X 1074 s

Vg (discrete particles)

*Hough, B.K., Basic Soils Engineering: The Ronald Préss'CO.,.
1957, pp. 30-31,
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Vo = g (s.g.. -1) 42
18 - VE“-

Vi {kinematic viscosity)

1.81 X 107° £t2/sec

-
i

g = 32.2 (2.64-1. 94)Q
18 0 273 Xi0

= (3.06 X 10°)(0.273 ¥ 10°%) 18 = 15.04 X 1079
7 (0.70) 55 51

3.06 X 107 -3 £t /sec.

1

[a ¥
™o
I

= 0.67 X 1072

o -
PGS
I .

0.79 X 1072 ™

7.9 % 10°% n

7.9 % 10"%m

2.59 X 107° ft.

o
fl

I 1} 1]

0.0079 mm
=7.9q

Therefore, smallest particle removed has d1ameter of
0 0079 mn which is in the si1t range.

Check,_ , _ _ _
=322 (1.36 - 1) ; x d2 - 3.06 X 1075
T TATXT0C

= (3.06 X 1072)(1.41 X 10‘5) 18
37.2(0.36)

(4.31 X 10719y 18 = 77.58 = 6.69 x 10710
759 759

-5

[ N
(g ]
|

i

=8
i

0.79 X 1072 meters
7.9 X 1070 n

2.59 X 10 ¥ ft

7.9 X 1073 millimeters

n

= 0.0079 mm
=7.9
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(4)

Show the effect of increased surface area by decreasina
depth by one half and holding volume constant.

= - 3
dt = 2.0 ft. VOTt = 60,120 ft

As = 30,060

0.R. = 0.46 Ft3/sec = 1.53 X 1072 t/sec.
30,060 .

Note: With these conditions, Ve is now one half the
original Ve

v = 1.53 X 107 = 32.2 (2.64 -1.94) , d°
T8 0273 X 10
d€ =752 %10 =0.33%x10%=3.3%1010
s
d =1.82 X107° ft =
d = 0.55 % 10°° meters = 5.5 X 10°° meters
d = 0.0055 mm

In this case, the”sma]1e§t bartic1e:rémoved'has.azdiameter of

0.0055 mm which is the Tower range for silt and the upper range

for clay. Thus more particles were removed by increasing the
surface area. Caution must be exerted, however, as the depth
should be reduced only within practicable 1imits where short
c¢ircuiting will not occur. Additionally, the area available

-and terrain conditions may not permit adJustment for controlling

the overflow rate
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EXAMPLE SUMMARY

(1) (2) (3) (4)
Q, GPD 30,000 300,000 300,000 300,000
D.T., HRS 24 24 24 24
D, Ft 4.00 2.00 4.00 2.00
D Ft 2.67 1.33 2.67 1.33
D> Ft 1.33 0.67 1.33 0.67
Vol,., Ft° 60,120 60,120 60,120 60,120
Yol.o, Ft3 40,080 40,080 40,080 40,080
Ag, ft? 15,030 30,060 15,030 30,060

vg=0.R.=Ft/sec 3.06 X 107° 1.53 X 10°°  3.06 X 107 1.53 X 10°°

Soil, type sand sane gravel, sand, silt, clay
mixture

5, #/£t° 85 85 125 125

T.°C 10°C 10°C 10°C 10°C

dia., mm 0.0079 0.0055 0.0047 0.0033

dia., u .7.9 5.5 4.7 3.3

Particle

Removed silt silt/clay silt/clay clay
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