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Abstract

Within the Tolovana Mining Dlstrict, as a result ot placer mlning, 800 acres of land have
been dlsturbed (0.25% of The land area) and 4 mllilon cublc yards of muck have been transported
down the Tolovana River through the subslding Minto Flats. This has Increased the rate of
sedImentation of the lakes adjacent to the Tolovana River. Mlne talllngs are about 50% revege=-
tated by natural specles., Approximately 60 mllllon cublc yards of muck must be removed to mine
the Llvengood deposlits. A large area of settlling ponds wlll be needed |t the deposit Is
stripped by hydraullic means, or a targe srea for stacking overburden |f mechanical stripplng Is
required.

The Crooked Creek area, minaed for 80 years, has 1,900 acres dlsturbed (0.7% of the land
area) and 200,000 cubic yards of muck has bean stripped. No correiation {s apparent between
minlng and the non-apadromous flsh populatlion, although sport flshing |s consldered by some to
be not as good as a result of mining. Portlons of the stream system observed to be Impacted
wlth mud showed avidence of having been perlodically flushed out. Sleve analys!s and trace
alement analysls were appllied In an attempt to trace sedlments back to thelr sources, but were
not syccessful.

Mining is the ploneer Industry around which much of the State of Alaska deveioped. The
transportation network required by the mining Industry beneflts sportsmen, the tourlst Indus=-
try, and directly Increases the valua of adJacent tand. The proflt from mlining brought much of
the esrly population fo the state, and wll | be a steady source of revenue In ysars to come.
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Chapter 1
Introduction

Minlng of placer gold In Alaska began on the Kenal! River In 1848 and reached peaks of
production during World War | and agaln in the 1930's. A resurgence of placer gold production
atter World War || peaked about 1950 and thereafter began a slow and varlable declline., Placer
mining In Alaska Is now Increasing In response to hlighar gold prices.

A recent survey by the U.S, Bureau of MInes Indicates that there are about 198 actlve
placer mines, located In at least 28 of the 35 placer mining disfricts of Alaska, Identifled by
Thomas, et al. (1959). In response to a spurt In the price of gold fo over $500, numerous
other mines have also become actlve In areas not shown by Thomas, et al. About half of these
placer mines are located on or near the Interconnected Alaskan road system. Dlstribution of
operations throughout Alaska Is summarized In Table 1. These operatlons are highly varlable In
the kInd of deposit and the type of process used. Mlinlng methods Include dredging, hydraullck=
Ing and varlous comblinations of bulldozer=-draglline-hydraullc equipment. The character of the
recelving waters Include clear streams, turbld streams, small creeks, large rlvers, lakes and
The ocean. FIsh may or may not be present. Each of these sltuatlons presents a difterent
environmental situatlon. Table 2 summarizes the variable nature of the placer streams and the
recelving streams.

Table 1: Dlstribution of Actlve Placer Operations
Dralnage Number and % of Operatlions
Upper Yukon 51 = 25%
Middle Yukon (Incl. Koyukuk) 33 = 17%
Lower Yukon 1 = ,5%
Norton Sound 13 = 6.5%
Kotzebue Sound 5= 2.5%
KuskokwlIm River 18 = 9%
Bristol Bay 2= 1%
Cook Inlet €9 = 35%
Other - Bering Sea, Aleutlans,
S.E. Alaska 6 = 3%
198 = 100%

Durling the years In which.placer mining was in decllne, several laws were passed and
agencles created that are almed at requlating [ndustriai activities, among them piacer mining.
The purpose of these laws Is to protect other resources and values whlie allowing the actlvity,
tn this case, placer mining, to continue. Unfortunately, there are practlically no data to
ldentl fy the Interference and damage that placer minlng might do to other resources = flsh,
wlldlite, water quallty, surface resources or even scenery. Wlthout hard factuai data, the
agencles ceannot effectlvely regulate, and the minling Industry cannot functlon efflclently In
the face of regulation. Such regulation needs to de basad upon factual data In order to be
ratlonal and not damaging to al) vitally needed resources.

The present meager bases for regulating placer operatlons are experlence and study from
other areas In the U.5.A. (or other natlons), and the very Iimlted base provided by & recon-
nalssance study of placer mining In Alaska made by the FWPCA In 1968 (U.S. Dept. interlor,
1969). This work Is the only ldentlfled environmentally orlented study made of Alaskan placer
operations. |f Involved approximately 15 days field work by a party of two or three people.
Primary attentlion was glven to the Falrbanks disfrict (8 fleld days). Other fleld work was as
follows; Tolovana district (50 miles N.W. of Falrbanks) - 2 days; Idltarod district - 1 day;
Seward Penlinsula = | dsy; Koyukuk dlstrict - | day; Wlseman dlstrict - 2 days. Although the
scope of thls work Is lImlted, |t touches many of the parameters which must be understoed prior
to the creation of regulatlons affecting the mining Industry. It is time to Improve the
Information base upon whlch Alaskan placer regulatlons are founded, and thls study Is almed at
turthering our knowledge of the eftects of placer minlng on the environment.
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Table 2: Dlistribution of Various Types of Placer Streams

Water Character

Placer Recelving

Stream Stream ) Number % of Total
Clear Clear 68 343
Clear Turbld 39 20%
Clear Glaclal - 37 18%
Clear Lake 8 b4
Glacial Glacial 40 21%
Clear Salt Water 6 3%

198 100%

Area of Study

Two dlstricts In Interlor Alaska are easlly reached by road, and are typlcal of many
districts that present many of the problems common Yo al) placer mlnes in Alaska. These are
the Tolovana mlning dIstrict, In which Is located the town of LIvengood, and the Crooked Creek
area, part of the Circle district, one of the oldest In the Interlor (Plates ! and 2). DOurlng
. the 1930's, all of the clalms on Livengood Creek were consolldated Into one targe property. A
wol| englneered operatlon was begun, but was stopped by World War Il. The unfavorable situa=-
tlon for gold mining during the post war era caused the operation to remaln almost dormant
until the 1970's,

For the past several years there has been a placer mining operatlion on Llvaengood Creek.
The Asamera Ol Company and 1ts successor now lntends to mine the property, which contalns very
substantlal reserves. Thls mining operatlion can provide seasonal employment for thirty to
forty people for decades. The situation In the Crooked Creek area ls somewhat dlfferent, wlth
many smal] operatlons, The area proposed for study contalns about seven such operations. The
experlence galned recently by miners both at Llvengood and In the Crooked Creek area has ralsed
technlcal, economlc and environrmental questlons which must be addressed. These questions' may
be summarlized by stating the tollowing findings:

. Llvengood Creek contalins about 30 million cublc yards of pay gravel and twice that
volume of muck.

2. In the past the muck has been stripped wlth water and allowed tc go down the Tolovana
River to the Tanana and Yukon RlIvers. Tallling water from the slulcing operation |lkewlse went
down the river.

3. In the Circle dlstrict, less muck is present, but some must be dealt with, However,
fines from slulcing traditionaliy have been released down the creeks.

4, 1t would greatly enhance the economlic viablllty of the operatlions 1f muck could be
stripped with water rather than by mechanical, fuel-consumptive, means.

5. Environmental regulatory agencles object to muck or other flnes going down the creeks
and rlvers, Allowable upper Iimlts have been ldentifled for settieable sollds and turbidity.

It Is hoped that this study wlll provlde background data so that the economlic, technical
and environmental problems may be more accurately addressed and understood in the planning of
additlonal research, and these valuable mining projects allowed Yo develop and produce.
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_Scope of Work

Fletd work for this project was planned to provide data on al( aspects of the environment
affected by the Livengood and Crooked Creek operatlions ln the past. These aspects fnciude
tish, vegetation, water quallty, sedimentation and hydrology. Mllllons of cublc yards ot muck
have been slulced down the Tolovana Valley. This muck had to traverse the MlInto Fiats, whose
rivers, sloughs and Innumerabie |akes supported and support a large flsh and watertowl popule-
tlon, Part of the time during which minlng was progressing, the village of Minto was |ocated
on the Tanana Rlver. For the past several years |t has been located at the head of the MInto
embayment. From both locatlons, the people of the viilage have hunted and fished In the Minto
Flats, and should be able to supply f!rst hand Information as to the effects of the muck
stripping. Fleld work Included Interviewling peopie at Minto regarding these effects.

SIimliar studles of Crooked Creek In the Clrcle District were made. Interviews were
conducted at Central, Circle and Falrbanks.

Another phase of the fleld work was an examinatlon of the valleys mentloned to see whether
any sedimentation has taken place, and also those parts of the Minto Flats nearest the
discharge ends of the Tolovana Rlver. These examlnatlions were carrled out by two people
tralned 1n placer mining and minlng englneering. A hydrotoglst and a ft1sh blologist assisted.

The upper portlons of the mined streams contaln the coarse talllngs, daposlitad by both
dredge and bulldozer~dragiIne methods. These talllings were examined for revegetation, and
rates estimated. Some attempt was made to determlne whether, and to what extent, they serve as
habitat for mammals and wlid fowl.
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Chapter 2

Jolovans Mining Rlstrict
Brlaeft Hlistory

The general area In which the Tolovana or Llvengood placer deposlts are located was flrst
vislited by prospectors In 1892 when Mike Hess, for whom Hess Creek was named, reported finding
placer gold. This may have been In the general area of the later dlscovery.

The discovery of gold and subsequent stampede to the Klondike set off feverish prospectling
all over the Interlor of Alaska, buf |t was not untl] 1914 that these efforts were successful
In the Tolovana area., In the meantime, the Falrbanks placers had been discovered, and [n tact,
all other placer districts In Alaska, of whlch there are more than flfty. Thus the Llvengood
placer dlstrict was the last to be dlscovered In Alaska, ending an era of dlscovery which had
begun, In the interior, with the finding of gold on Franklin Creak In the Fortymile distrlct In
1886.

On July 24, 1914, Jay Llvengood and N.R. Hudson discovered gold In the present channel of
Livengood Creek. Glven the mood prevalent In Alaska at the time, there was a stampede of
prospectors and miners to Yhe area, and within a short time all the creeks had been staked, and
also the wlde bench on fhe right 1Imlit (north and west slde) of Livengood Creek [tself. The
story has often been told relating how successlive late comers tound the creek staked and had to
stake The wide bench in ™lers” of clalms parallel to the creek claims. The richest clalms by
far were those several tiers from the creek, under as muych as 100 feet of muck and gravel.

In the years immedlately followling the strilke, underground (drlft) mialng was rapldly
expanded, chlefly on the deep ground of the bench of Livengood Creek. Some small scaie open
plt minling was also Inttlated in the present channel of LIvengood Creek and on some of the
other creeks, namely Ollve, Ruth, Amy, Gertrude and Wlibur. These creeks have smailer reserves
and produced less gold than Llvengood Creek, Although the streams In the Hess Creek dralnage
wara prospected, they never developed Into productive placer streams.

With the development of the bulldozer In the eariy 1930's, mechenlzed mining with bull-
dozer and dragllne became Important. Frelght Into the district was brought In by boats up the
Tolovana Rlver trom the Tanana River, Thls route was expensive and dlfflcult. The head of
navigation for any type of boat was at West Fork, where the maln Tolovana and West Fork of the
Tolovana Joln. Thls was about seven mlles from the town of Livengood on Llvengood Creek.
Trappers Cabin, 16 miles downstream from West Fork, was also a supply polnt. There was a very
large log Jam 56 ml|es below West Fork, Small scows could ascend the river to thls point.
Frelght was portaged around this Jam on cars running on wooden ralls.

Such & transportatlion system was clear)y Insufficlent to support mechanlzed mining. In
19356 the Alaska Road Commission completed s gravel road from Livengood to Fox on the Steese
Highway via the mining area of Olnass.

About 1930 Cilfford Smith, an Alasken mining englneer, began consclldating the claims on
Livengood Creek under one ownershlp for the purpose of developing a unlfled dredglng operation.
He was successful, and Livengood Placers was formed as a subsldlary of Callahan Minlng Company.
Capltal was procured by means of a |oan from the Reconstructlon Finance Corporatlon and by 1941
a dredge had been assembled. Followlng a shutdown because of World War |}, dredging was
resumed. An earth fI|| dam was bul(t across Hess Creek and the Impounded water to be used for
stripping muck and thawing gravel was brought to Llvengood Creek through a tunnel,

The operation suffered from the frouble common to the times, and Inflatlon raised costs
retative to the price of gold. Finally the R.F.C. sold the assets to satisfy the debt. The
dredge was purchased by the U.S.S.R. & M. Company and taken to Hog Rlver about 1955.

Durlng these years smaller scale minlng on the other streams was taklng place In the
LIvengood area, uslng bul ldozers and In some casaes dragllnes. During the 1960's, open plt
mining was conducted on the LlIvengood bench Itself by the Yukon Minling Company. 1In 1972 the
consol ldated property was taken over by Klondlke Placer Gold, a subsldlary of Stanford Mlnes,

and worked by bulldozers, In 1977 Asamera 0{) Company took an actlve part in the operation,

6



wlth the same management. In 1981 management passed Into other hands and the name of the
operation was changed fo Llvengood Joint Venture.

A number ot other major developments that affect the area have taken place. In 1959-60
the rcad was extended from Llvengood to Eureka, connecting to Manley so that Llvengood ts no
longer at the end of the road. About 1970 the fown of Minto on the Tanana River was abandoned
and the people moved to a site-at the head of the Minto Flats embayment on the Tolovana River.
In clrca 1973, a road was bullt by the State of Alaska from West Fork north to the Yukon River,
In 1969 &n Ice road, unofficlally known as the Hickel Hlghway, was pushed from LIvengood
through Anaktuvuk Pass to Prudhoe Bay. After a delay of several years, a permanent road was
bul(t north to the oll flelds from the Yukon Rlver, whlch was bridged at the end of the road
from the West Fork., The years 1975-1977 saw very heavy trafflc through Livengood as the
pipeline was bullt to the north,

The tatest development of Importance to the area Is the rise In the price of gold, which
has stimulated gold mining, and led to more caplital expendltures,

General Descrlption

The Llvengood miIning district Is about 35 alr mlles slightly west of north from Falrbanks.
I+ Is about 68 mlles by the Elliott Highway from Fox. Manley |les about 80 miles Yo the west
by recad. The area Is one ot moderate relief with roiling hills Interspersed with low flat
areas contalning numerous small lakes. |t |les near the divide between the Yukon dralnage and
the Tanana dralnage, where numerous dralnage Interruptlions and reversals are evident, Thls
region of the Yukon~Tanana plateau Is lower than that farther sast, wlth ridges about 1500 feet
in elevation and peaks something over 2000 feet (See Plate 3),

The princlipal streams that have been mined are Llvengood, Including the creek and the
bench, Ollve, Amy, Gertrude, Ruth, Lilllan and Wllbur, Most of these are contained In an area
about four mlles by seven mifes, with WIlbur Creek about four mlles outside of this rectangle.

Areas and Volumes Dlsturbed and Removed

Livengood Creek bench has been driff minad partially over an average wldth of 500 feet far
about flve mlles. Thls means that there are Isolated plles of talllngs scattered over an area
of 300 acres. These are grown up and hldden by vegetation. There are about 20 acres of
tallings In fThe creek bed completely covered by vegetatlon and another 90 acres partly on the
cresk and partly on the bench, Additlonal areas covered by taillngs Include:

Olive Creek — 40 acres
Wllbur Creek — 10 acres
Amy Creek = 30 acres
Gertrude Creek - 30 acres
Lilllan Creek = 5 acres
Ruth Creek = 5 acres.

A trench was started to tap the reservolr and conduct Its water to the Livengood=Clrcle drain-
age. Thls disturbed 25 acres. The maln ditch on Llvengood Creek has disturbed another 10
acres. Roads In the area contaln about 55 acres, the alrfleld 9 acres, the dam and borrow plt
occupy about 30 acres and the lake created by the dam on Hess Creek probably occuples 380 acres
when full. i

Y

in summary there are about 230 acres of talllngs. Other works occupy about 510 acres, of
which the lake contalns the most area. Total surface disturbance Including the town and drlft
talling plles Is about 800 acres, all within an area of approximately 50 square mlles (32,000
acres). Llvengood district has the most concentrated mining and related cultural deve lopment
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encountered In thls study, yet has only dlisturbed 0.25% of the land area. Table 3 compares
this disturbance to other forms of surface utllizatlion In the United States. The remalnling
land In the Livengood District would then be classifled as natural forest.

Table 3: Land Use Data (from U.S. E.P.A., 1973)

Milllons ¢ of Land Use

of Acres In the U.S.
Total lang area In all 50 states 2,264
Land in grass 540 24%
Crop land, plus farmsteads and roads 412 18%
Commerclal forest 500 22%
Subsurface mines 7 0.3%
Surface mines 3 0.1%
Urban Amerlca 60 2.6%

MaxImum denslty of surface utllizatlon within the
LIvengood District 0.25%

Rather accurate records of the volume of muck removed at Llvengood are avallable. Prlor
to the 1981 season, about 3.2 mllllon cublc yards was removed from Livengood Creek with another
800,000 cublc yards from the adjacent creeks, for a total of close to 4 mllllon cublc yards
with perhaps 25 percent lce. Inltlal experiments have Indicated a swell factor as high as 1.9,
howsver, accurate measurements over several years may result In a lower estimate.

Rec|amation

No attempt has been made to reclalm dlsturbed areas at Livengood. In considering reclama-
tlon, attentlon must be given to the type of orliglnal disturbance. For example, the lake
created by the dam on Hess Creek now presents a pleasing appearance and has recreatlonal values
In contrast to the surrounding vistas of tundra and scrub spruce. The Isolated small conical
talllng plles left from drift mining are almost completely obscured by vegetation. The roads
may be considered as benaflclal or not, depending on the view ot the observer. At any rate
vegetation Is encroaching upon them. Of the tallings, only those of recent years are complete-
ly barren of vegetation. All of the older mined areas support some vegetatlon, and are roughly
tl1fty percent reclaimed. Past recliamatlion at Llvengood Is not a problem, and large scale
mining today must meet severe reciamatlon requlirements.

Yalue of Talllngs

Tallings, |ike other gravel, have value only by virtue of belng near a market. The market
presented by road bulldlng at Llvengood ls transltory, unlike that at Falrbanks where contln-
uing bullding requires large amounts ot aggregate f11l. The fact that the plpellne activity
has come and gone wlthout creatlng an appreclable demand may be taken as an Indlcatlon that
J1ttle will exlst In the future. However, up to 3 milllon cublc yards of talllngs could well
be crushed and transported for as much as 20 mlles for the upgrading of the El [ 1otT Highway.
Thelr value In place should be about $2.40 per cublc yard.



Alternative Methods of Stripplng Muck

The Livengood deposit contalns about 25 mllllon cublc yards of gravel, wlth another
probable 5 miJ!ion cublc yards on the adjacent creeks. The ratlo of muck to gravel Is about
two to one, with about 60 mllllon cublc yards of muck to be removed, Obvlously, a stripping
ratlo of two to one ls a key factor In determlning whether or not a minlng operation is
economically vliable.

There are baslcally three ways in whlch the muck can be stripped:

f. |f ample water [s avallable for hydraulic stripplng, this is the slmplest and cheapest
method (Figure 1). Estimated cost today |s about $1.50 per cubic yard of muck removed. How=-
ever, as Is explained aisewhere [n thls report, It (s deslrable to keep additions of slIt to &
minimum in the Tolovana River.

2, The muck can be rlpped and stacked mechanlcally wlith loaders, scrapers, or dragilnes.
Thls has the adyantage of keeplng the slit removed from the stream, but It becomes more dlffi-
cult and expensive as the depths Increase., Recent experlence (1981) with stripplng relatively
shai low ground Indlcates a cost of approximately $2,60 per cublc yard of muck, or $5.20 per
cublc yard of gravel expaosed at a stripplng ratio of two Y0 one. Since the muck may be as deep
as 60 to 80 feet In places, lncreasing the stripplng ratlo as much as four to one, these costs
are |lkely to be prohlbltive, At any rate, [t wl(] be expensive and viable only with rich
ground, high gold prlice or both. There |s also the problem of dlsposing of such quantities of
muck.

3, The muck might be hydraullcally stripped, elther directiy to a large settling area, or
to a sump from which it could be pumped 8s a slurry to a serles of ponds. Thls alfernative
mathod would be a compromise betwaen the other two. Stripping costs wlll vary widaly depending
upon confliguration of terraln and compilcatlons of dlsposal, An average of $2.00 per yard of
muck stripped Is estimated. Thls alternatlve presupposes that there is enough room to provide
adequate storage space for the moblllzed muck. ;

The followlng rough calculation Is merely Intended Yo [|lustrate the magnitude of the
probliem, not ot fered as a solutlon. It It 1s assumed that sixty mli)lon cublc yards of muck
with a 25 percant Ice confent wlll make close to sixty mllllon cublc yards of materlal after

swell, Then the muck would fill almost two square mllas of land to a depth of 30 feet, This Is
40,000 acre teet, for which storage must be found.

PossIble Areas for Sett|lIng Baslns

SettlIng basins for fines derlved from slulcling can posslbly be made In the old cuts as
minlng proceeds upstream. However, |f the muck overburden Is to be stripped hydraullcally and
then allowed to settle out In ponds, a conslderably {arger area will be needed. |n order to
tind the necessary space, {t may be necessary to pump the muck from a sump 2as a slurry to a
locatlon a {[ftfie above the stream bed. Most storage, however, would have to ba on lower
LIvengood Creek, where retalning dams would have to be bullt (Flgure 2). The problem viewed
from this standpolnt ls easler to overcome than the storage of talllngs at a mine such as
Climax, Colorado. There, a volume on the order of 30,000 cublc yards of flnely ground falllngs
are |mpounded every day. Such filled shallow reservolrs could become good farm and t|mber
land, or could provide substantlal browse for wlldlite, In a very short time.

Beneflclal Effects

A perusal of the )|Iterature and written comment on Interlor Alaska prlor to about 1960
wlli Indlcate that the flnding and development of mines was vliewed as almost entlrely benefl-
clal. The U.S. Geologlcal Survey |lterature and other governmant pubilcations, as well as tThe
newspapers, |looked upon such' enterprlses as necessary to the support of the people; there belng
I1ttle else In the country to create wealth. Indeed, the economic priaciple that a reglon must
produce goods or servlces that people of some other reglon are wllllng to pay for Is as valld
today as !t was then. Only the emphasis on what those goods and services consist of changes.

The only criticlsm of the dlscovery, development and mining of placer deposits In the |nterim
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The stripping of muck by hydraulic
and mechanical methods.
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was that [t dlsrupted the natives' way of |ife and brought to them the bad (often the worst)
soclal aspects of civllization, along wlth its material blessings. Thls view was vigorously
put forward by the Episcopal Archdeacon Hudson Stuck of Fort Yukon (1817), There Is no easy
cure for thls damage, yet there are offsetting factors, such as the overall Improvement of the
natlves' materlal (ot.

The most obvious beneflclal effect remalns the genera) one that minlng creates wealth and
provides a means for suystenance. Speciflcally, The Livengood mlnlng dlstrict has supported Its
populace for 67 years. The dIstrict has produced about 400,000+ ounces of gold (Committee
print 1964). 1f It |s assumed that It requlres 100 ounces per year to support one household,
then the average number of households supported durling the past 67 years would be about slxty,
not ail In Llvengood.

This 400,000 ounces has bean added to our stockplle of gold, and except for a smal! amount
lost, Is still In exIstence, avallable for monetary and Industrlal purposes. There are perhaps
700,000 troy ounces left In the district, which wlll be added to the country's stockpile as It
is mlned.

An Important long range beneflt of every mlning district Is the base and Infrastructure
that It furnishes for other productive enfterprises. Mlinerals produced yleld a proflt to some
Indlvidual or enterprise. This proflt represents retalned earnings, or wealth — I[n short the
capltal upon which our Industrial clvililzation Is based. The dIlfference between developad
natlons and developlng and undeveloped natlons Is a base of capltal, Thus, tha Elllott Highway
became of great Importance as a key |Ink In the road system that allowed the Trans Alaska
Plipellne to be bullt, just as earller It allowed the road to Manley Hot Springs to be con-
structed. This In turn made possible the moving of the town of MlInto onto higher ground In the
early 1970's. It allows outdoorsmen access to Hess Creek and other navigable waterways.
Flnally It allows tourists and other service Industrles to become established.

Downstream Effects

In this report an attempt has been made to descr{be the affects of tha placer mining in
the Tolovana dlstrict., Thls dlstrict, the last dlscovered, Is small and relatlively compact.
The of focts upon the environment In the actual minlng areas can only be descrlibed as minor.
This sectlon of thls report will describe the dralnage downstream from the district, where
majJor changes have taken place, not so much In the Tolovana dralnage as In the dralnage from
the Falrbanks district,

The area between the Yukan and Tanana RIvers In Alaska, from the confluence of the fwo
rlvers on the west Yo the Canadlian border on the east, Is one of moderate to rugged rellef.
Elevatlons are higher In the east, gradually dropping toward the west. Thls reglon contalns 11
of Alaska'’s 56 placer minling districts, Of these, flve draln Into the Tanana Rliver, and slx
Into the Yukon. Both the Yukon and Tanana are glaclally fed streams and therefore laden with
slIt and glaclal flour, The middle sectlon of the Tenana Rlver [s characterlized by & large
lowland, simllar to those prevalent throughout Alaska. Thls lowland [s fault bounded and the
faults are generally active. North of Nenana at the western end of the lowland Is a large
flat=lylng embayment called Minto Flats. The streams from the Falrbanks dlstrict, the largest
gold producer In Alaska, and the Tolovana dlstrict, draln lnto the Minto Flats (Figure 3).

Gravity surveys by D.F. Barnes of the U.S. Geological Survey (1961) and earthquake studles
by the Geophyslcal Instltute, University of Alaska-falrbanks (1971) have helped tc define the
basin underlylng the Minto Flats. The gravity low In the Minto Flats (Flgure 4) Is Interpreted
to represent approximately 10,000 feet of cenozolc and recent sediments (Flgure 5, Barnes,
1961). The basin Is fault bounded and earthquake records show that these faults are actlive
today (Gedney, 1971}. Nelther the present rate of subsldence nor that occurlng at various
times during Cenozolc *ime, has been determined.

Yarlablllty In the rate. of subsidence comblined wlth the dramatic climatic changes of the
past 10,000 years are only 2 ot the many variables whlch make It very dlfflcult to document the
rate of sl|tatlon from natural causes (ahnual high water, floods, forest tlres, etc.) versus
that produced by mining (Flgure 6), Add to thls the erratlic manner by which a river, In a low
energy regime such as the MInto Flats, changes Its course and In thls case taps varlous lakes,

13




3) The subsiding northern side of the
Minto Flats viewed from the highway
near the village of Minto. Note
the Tolovana River and adjacent
lakes.
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and little can be done to record whether the silt in a glven lake bed Is a product of hydraulic
mining, or a flood such as the 1967 flood which left Jarge quantitles of mud and sllt
throughout much of Falrbanks.,
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Flgure 5: Observed and computed gravity on profiie A-A! north
of Nensna and suggested subsurface conflguration.

To dlscuss In more than the cursory manner of ¥hls report the relative effects of the 6
milllon cublc yards of muck hydraullcked In the Falrbanks dlstrlct, a study of the hydrology of
the reglon would be necessary. The dlscharge Into the Minto Flats needs to be quantifled and
measurements of the average annual load of silt and sediment determined as a flirst step in
documenting the relatlive affect produced by hydraullc stripplng In the Falrbanks dIstrict.

Most of the mining In the Falrbanks district was done by dredglng, whlch does not allow
very much sedIment to enter the streams. However, all the muck, removed hydraullckally prior
to the dredging operation, was washed down three streams; the Chena Rlver and thence Into the
Tanana River below Falrbanks, the Chatanlka River, and Goldstream Creek, both of which flow
through the Minto Flats. The muck from Llvengood (the Tolovana mining district} has gone down
the Tolovana Rlver, and has had to traverse |l1terally hundreds of mlles of sluggish winding
river before entering the glacial-silt laden Tanana Rlver.

Even a prelimlnary examinatlon of the fopographlc maps of the reglon Indlcates that the
eastern and northern parts of the Flats (Plate 4) are In an actlve tectonlcally controlled
basin with rapld subslidence (Van Wormer, 1973). |In the centra! and southern parts, the l[akes
are regulariy shaped and geﬁerally round, as cne would expect of thaw lakes or (akes Impounded
behInd natural levees. On the eastern and northern parts, the |akes are extremely Irregular,
and In the northern embayment, which [s an extension of the Tolovana Yalley, many of the l|akes
are connected to the Tolovana Rlver. In thls subsliding basin the Tolovana Rliver malntalns a
slightly higher peslition relative to the |lakes by alluviatling Its bed and banks, as do most
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rivers when their gradient drops signlficantly. Further evidence of The subsidence of the
north end of the Flats Is the big loop northward made by the Tatallna Rlver. Also, In fravers-
Ing the Tolovana Rliver in the vicinlty of New Minto In the northern part of the Flats, one can
stand up In a boat and look out across the countryslde, indicating that the area Is not much
hligher than the water's surface. South of the Tolovana basin, as one approaches the mouth of
the Chatanika Rlver from upstream, the banks become hlgher and the river Is Incised ten to
tifteen feet below the surrounding country. From the few sievatlions ot fake surfaces 1o be
found on the maps, It appears that the area south of the mouth of the Chatanika Rlver (s flve
to ten feet higher than the active embayment to the north.

It Is evident that water will flow from the Tolovana River Into the Iakes north of the
mouth of the Chatanlka RIver durlng periods of high water. Flne solld material suspended In
the river water will also flow In and settle, and durlng spring breakup, followlng heavy ralns,
or when mining Is In progress upstream the Increased 51|t load will produce faster sedImenta-
tlon. Aerlal photographs (Figure 7) faken twenty flve years ago do Indeed show sedlment
flowing from the Tolovana River Into the connectling lakes. These lakes today appear cloudy
when viewed from the alr. 1t was not determined whether this was due to recent ralns or merely
an algal bloom enhanced by the nutrlent taden waters entering the lake.

The muck from the Falrbanks dlstrict that entered the Chena Rlver caused some blockage of
the lower Chena dralnage while stripping was In progress, but Is now completely removed. That
muck which went down the Chatanlka RIver and Goldstream Creek aiso fraversed the valleys
without beling deposltad untl)l 1t reached thes Flats,

After reeching the Flats, the sllt being transported In the Chatanlka dralnage contlnued
on to the Tolovana Rlver and thence to the Tanana Rlver. The sl|t belng carried by Goidstream
Creek, however, caused a number of dralnage changes after reaching the Flats, [t appears that,
prior to the heavy Introductlion of siit, Goldstream Creek flowed through the large Minto Lake.
As the mud carried by Goldstream Increased, the lake bottom partiatly filled, and a large delta
was formed (Flgure 8), Goldstream Creek abandoned Its channel and connected to Little Gold-
stream Creek. |t now flows down the former chennel of LIttle Goldstream. Three or four {akes
are completely or partlally filled with sediment or wlth vegetatlon along the course of thls
stream, Older abandoned stream channels are afso evident on the alr photos (Flgure 8).

Rate of Revegetation

Even though the growlng season Is short, vegetatlion replaces Itself very rapldly In the
Nor+h because of the long days. Durlng drift minling days, the valley of Livengood Creek was
completely logged off to provide flrewood and mine timbers, A low level aerlal photograph
taken In 1940, twenty slx years after the discovery, shows the LIvengood bench almost bare,
with the remalns of drlff tallings esslly visible, Today the bench |s compietsly covered by
alder and wlllow, with birch and spruce up to 20-30 feet tall.

Observations efsewhere lndicate that wharever any tlne materlal Is avallable, all decld-
uous trees rapldly take root, wlth spruce followlng later. A talllng settllng pond at Liven-
good, used In 1977, was completely covered wlth grass by fall, 1978. Wlltows had also taken
root. Nowhere In the Livengood area are there any talllngs of such coarseness that plants
cannot take hold (Holmes, 1981).

Effects on Vegetation

The sediment load of the rivers entering the Minto Flats has lIttle or no effect upon the
vegetation on the river banks (Figure 9). A change In water level, as a functlon of the
reglonal tectonics, or during the infllling of a Jake can, however, alter the types of trees
which can subslst In an area. SedImentatlion affects trees only when a particularly thick
deposit of sllt occurs during'flood staege and burles the root systems of certaln trees. The
addition of sedIment to a |ake may, however, Increass the process of eutrophlcation as a result
ot the increased nutrient loed. Having observed the thick pea-green nature of the fakes In the
Minto Flats, wlth |Ittle correlation to the nearnsss of the maln rlvers, one suspects that the
long summer surllght and overturning of the shallow (akes are the majJor processes by which
vegetation encroaches upon and fllls In Iakes In the MInfo Flats (Flgures 10 and (1),
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7)

The fault bounded and subsiding
northern portion of the Minto
Flats. The turbid Tolovana River
is adding silt to the lower lakes
adjacent to it. North is at the
bottom of the photo.
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8)

Goldstream Creek is building a
delta in Six Mile Lake and adding
silt to Bridge Lake. Bridge Lake
is also being encroached upon by
vegetation. HNorth is at the
bottom of the photo.
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G) Dead riparian trees along the
Tolovana River above the village
of Minto.
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10} Vegetation filling in an old
lake bed.
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4) Partial infilling of a lake in
the Minto Flats.
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Effects on Flsh

There are two cliasses of flshing In the Llvengood reglon: sport fishing and subslstence
fishing. Near Livengood [tse{f, sport fishing for grayling has long been practiced. There are
no accounts of grayling In Llvengood Creek Itself, but grayllng have been flshed In the Tolo-
vana and the West Fork ever since the mlnes were dlscovered, According to long time residents,
the grayllng In the Tolovana were never very large, but flshing was generally as good as
elsewhere. Today the flshing alsoc |s about as good as ever, except when or where the Tolovana
Is turbld, elther from natural causes or because of minlng. Flshlng remalns good In the West
Fork, even when the maln Tolovana Is turbid.

No comparlsons ot the ylelds of whiteflsh and other subslistence fish In MInto Fiats have
yet been made. Subslstence fishling appears to be less Important than formerly, yet there also
appear to be a large number of flsh drylng In Minto. When the village was located on the
Tanana Rlver, salmon flshling was more Important to the economy of the MInto natlves than It Is
today. There Is an apparent decllne In subsistence fishing for cultural reasons, Independent
of the conditlon of rivers and lakes In the Minto Flats.
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12)

Natural sediment build up on
the north flanks of the Minto
Flats.
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Crooked Creek flows east across the trench and into Birch Creek, where it meanders along
the south edge of the Yukon Flats, A number of placer mining streams entsr Crooked Creek from
both sldes. These Include, from sast to west: Porcupine, with [Ts tributarles, Yankee and
Bonanza; Mastodon with tributaries Miller, Mammoth and Ingependence; Deadwood, wlth a number of
tributaries but principally Swifch Creek; Ketchem; and Portage. Another productive stream Is
Harr(son, also a frlbutary of Blrch Creek, that runs parallel to Crooked Creek about 20 mlles
to the south, Both the North and South Forks of Harrlson have been and are belng mined. The
principal tributarles of Harrison Creek are Bottom Dollar and lts trlibutary Half Dollar, To
the east, across Eagle Summlt, the head of Blrch Creek has several tributaries that have
produced go!d. These Include Eagle with 1ts forks; and Gold Dust, Ptarmlgan and Butte; as well
as Blrch Creek Itself. A number of other sfreams In the area have been mlIned but have not
proven economlc. These Include Boulder, Greenhorn, Bedrock and Sawpit, among others.

The area |les on the border of two physlographlc provinces, the uplands and the Yukon
Flats, and has conslderabie topographlc reilef. Mastodon Dome, a central mountaln from which
many of the productlive creeks flow, Is 4,418 feet high, while MedicIne Lake, 25 mlles away, lIs
735 feet In elevatlon, '

Areas and Yolumes D)sturbed and Removed

The area Is not one wlth a thick cover of muck, such as the Livengood dlstrict. About the
only placer creeks that have had muck are Mastodon and Miller. Most of the other streams have
only about one to two teat of soll. A rough estimate of the amount of muck removed In the
Crooked Creek drainage would be 200,000 cublc yards.

Rec i amatlon

So far as |s known, no speclal attempts have been made to reclalm mIned areas In the
district (Flgures 13 through 18), As in most other placer districts In Alaska, a great deal of
revegetation has taken place naturally. Untii the disturbed ground Is needed for other pur-
poses, Its present functlon of furnishing moose browse I|s probably as high a use as any to
which it could be put., At one or two places, temporary road construction camps have besn
placed on old talllings, but the total srea Is so small that thils cannot be called rectamation.

No sttempt has been made to estImate the amount of land reclaimed naturally. There are
only a few acres that do not show vegetation. The general effect, when viewed from a distaence,
1s that the mlned valley bottoms present a view of solld vegetation wlth here and thera tali-
Ings showlng. An overall estimate of such natural coverage would put the flgure at 75%,

Value of Talllngs

In the season of 1978, about 25 mlles of the Steese Hlighway was rebullt. Thls road runs
through the Blirch Creek - Eagle Creek area, Just southwest of the Crooked Creek dralnage, and
utlllzed talllngs tor part of the crushed rock needed. The value of this materlal was $1.00
per yard In place. Talllngs for road bullding and repair were also obtalned from Porcupline and
Bonanza Creeks. Although these ftalllngs were furnlshed wlthout charge, they constltute a
slgniflcant contribution to the value of the road.

It Is not anticipatad that a heavy demand wl || develop In the near future for talllngs,
but there wlll always be some need for road repalr. Present plans call for paving the Steese
Highway, and should this occur, there wlil be a need for large amounts of talllags.

The followlng approxImate areas have been altered by mining on the varlous creeks:

29




13) Tailings on Ketchum Creek, Circle
District, mined 25-30 years ago.
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14) The Ketchum Creek valley with
roads and tailings, mined 25-30
years ago.

31




s e
EaERe e
S
e e T S

S e

Crooked Creek, dredged 30 years
ago.
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1€) Vegetation on tailings.
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17) Slow revegetation of native species
on coarse tailings that were mined
thirty years ago.
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18) (Coarse tailings with minima)
vegetation 20 years after
mining.
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Creeks Acres

Porcuplne Creek 45

Bonanza Creek 70

Yankee Creek 10

Miller Creek 85

Mammoth 470

Mastodon 240

Independence 60

Crooked 30

Deadwood 330

Switch 7

Ketchum 35

Portage 45

Small creeks formerly prospected 10
Total area In Crooked Creek dralnage 1437

Harrison

Eagle 160

Gotd Dust 20

Bottom Dol lar 20

Half Dol {ar 20
Total i

Minlng Roads in Crooked Creek area Ml les

Mammoth-{ ndependence 12

Portage-Bottom Dol lar 10

Deadwood 12

Ketchum 4

Miller 3

Porcupine B

Crooksed Creek 3

Boul der

3

58 (50' wide) = 352 acres
Other Roads In District

Harrison 14

Eagle 4

18 (50" wlde) = 110 acres

To thls total should be added miscel laneous

tralls, cabln sltes, etc. of perhaps 10 acres. . 10 acres
Total Roads and Tralls 472 acres
Total Disturbed Land In Crooked Creek Area 1,909 acres
Total Land Area In whlch this disturbance Is

concentrated (430 square mlles) . + « + « + = « & 275,000 acres
Maximum Denslty of Land Disturbance 0.7%
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Beneflclal £ffects

The Blrch Creek or Clrcle minlng distelct was discovered In 1893, at a time when
there were only a few hundred white people In the Interfor of Alaska, A trading post had been
establIshed at the site of Circla Clty in 1887, and thls rapidly became the distributlon polnt
for the dlstrict. According to early visitors from the U.S. Geologlcal Survey, Circle Clty In
the mld=1B90's was the culfura) and economlc center of the Interior, w{th a (lbrary, stores and
other needed services. WIithout thls beginnlng, the rest of the area would not have been
explored or made to support a populatlon based upon anything other than hunting and trapplng.
Thus, a benefliclal effect of plecer mining In the area can be sald fo be that It was the
ploneer industry that allowed all else to develop. To thls day, the only other Income In the
area ls derlved from seasonal tourlsm, a small amount of trapping and 8 few flsh wheels. The
tourlsm Is based partly upon the hot springs, but the development of the springs was made
possible only by mining. The hot springs furnl(shed services that were purchasad by the early
miners (lodglng, baths and vegetables). WIthout mining, whlch brought In outslde money, the
services would have been unsaleable. After the Steese Hlghway was bullt fo serve the mines, I+
furnished a transportation route for tourlsts, now the princlpal revenue source for the Hot
Springs.

The princlpal benseficial effect of a mine, of course, Is the metal produced and |+¥s
contribution to human welfare. Accordling to the U.S. Geologlcal Survey (Commlttee Print, 1964)
the Clrcle district had produced 730,000 troy ounces of gold up to 1960. A conservative
estimate of productlon to the present would be 760,000 troy ounces. |f ]t Is agaln assumed
that 100 ounces of gold would support a famlly for a year, then the dlstrict has supported
directly about 100 famllles. The Income multipller for Alaskan mining Is esflmated at 2.93,
wlth an employment modlfler of 1.25 (Lodgeson, 1975).

The beneflicial results of the placer minling In the Crooked Creek area can be summarized as
follows:

1. Establlished clvilizatlon In Interlor.

2. Supported 100 famllles dlrectly since 1ts Inception, and many more by secondary
Industry.

3. Establlished roads.
4. Allowed development of hot springs and tourl!st Industry.
5. Created bullding material (talllngs).

6. Proflt from mlning contributed signiflcantly to the capital base of the country.

Effects on Other Resources

The other rasources of the ares are timber, the hot springs (which makes agriculture
possible), flsh, game and the general atiractlveness of the area to tourlsm snd recreation. To
this should be added the possibillty of lode mining In the area. Deadwood Creek [s known to
contaln much placer tIn and tungsten, and one or two gold lodes are known,

The effaects of placer mining on the above resources are beneflcial, with the posslible
exceptlon of flsh and game, the utlllzatlon of which Is enhanced by the transportation system
provided by minlng. Tourlsm would be nonexistent If placer minling had not establlished the
roads now In use, and the mlnes provide a destinatlon far tourlsts. Any agriculture In the
reglon was dependent for markets flrst on placer mining and now on tourlsts. Land values, In
the State of Alaska's land dlsposal program, are slgnlflcantly greater If the parcel or lot Is
near or adjacent to a mine road, or cat trail.

[y

Effects on Flsh

Neither Crooked Creek nor Blirch Creek contaln salmon (ADFG, 1975), so tlshing In the area
Is restricted to sports fishing for grayling. The followlng observations apply to the area:
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19) Industrial utilization of tailings
at Fox, Fairbanks District.
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20) Muskeg and tundra in an undredged

portion of foldstream Creek,
Fairbanks District.
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Although seftiing ponds are used by the mines to remove settleable sollds, It Is Impossi-
ble to remove all turbidity. When the water Is turbid for any cause, It ls sate to say that
angllng with hook and Iine s poor., However, it is apparent that the fish are In the area, and
fishing In clear tributaries Is as good as ever. Moreover, the streams eventually lose thelr
turbidity.

On September 7 and 8, 1977, observations were made In the drainage. Blologlsts of Envi-
ronmental Services Ltd. made these observations, Dennis Ward in charge. HIls report s appended
as Appendix E. Brlefly his findings are these: Samples were taken at four slites over a dls-
tance of eleven mlles. AY least three mines were operating Intermittently, and had not been
slulecing for about 12 hours. The map E-1 In Appendix E shows the sample points. Turbldlty
ranged from 45 NTU fto 30 NTU, Four specles of tish were found: grayllng, slimy sculpin, long
nose sucker and round whitefish. Both fry and juvenlles were found (Figures 21), These
observations Indicate that these species are llving and feeding In turbld water, and further
that grayling were spawned In the water In 1977 (Figure 22). |In periods of high water during
the summer, the reservolr on one of the fributary creeks was washed out four times. For brief
periods the turbidlty was very high, yet four speclies of flish managed to spawn. Gray!ing were
caught consistently In MIller Creek above the mlne In 1977 and 1978. |In September, when the
grayling migrate downstream, they weres observed In both years In muddy water on their way down.

About June 1, 1978 there occurred a big flood In the Crooked Creek dralnage. The water
was turbid and over the banks In many places. One of the miners reported seeling a school of
grayling In an eddy, elther walting for the flood to abate or feeding I[n clearer water.

The followlng [nformation was obtalned from Tury Anderson, who mlned the Porcupline ares
from 1950 to 1954, |+ was he who dredged the single cut down Crooked Creek from Mammoth to
Bedrock Creeks. At that time there was one mlne on Porcuplne Creek, and one each on Ml | ler,
Mastodon and Independence, as well as the dredge on Crooked Creek. He reports that there were
always grayling In Mastodon, which could be caught |n somewhat turbid water with a splnner, and
that grayling could be caught In the dredgepond on Crooked Creek. He also reported that durling
the hydraullc mining on upper Porcuplne Creek durlng the 1930's, grayling were caught both
above and below the mine. At that time, Porcuplne's tributary, Bonanza, was being hydrau=-
ITcked. During the early 1950's, mining was [n progress on Portage, Crooked, Mammoth, Masto-
don, M1l ler, Deadwood, Ketchem and Independence Creeks. At this tIime, whiteflsh were netted In
quantity for dogfeed In Birch Creek just below the mouth of Crooked Creek.

Effects on Stream Bottoms

The real possibllity was Investigated that although flsh may be present In the streams
belng mined, the bottoms may have been sl |ted so as to make spawning difflcutt. During the
selning of Crooked Creek for fish, the following general observations were made: As noted
earller, samples were taken at four polnts (see Appendix D). At the uppermost sample point,
near the mouth of Mastodon Creek, mud coated the rocks on the sldes of the creek to as much as
one Inch, and the holes In the stream bottom contalned clay. At Bedrock Creek, two mlles
downstream, there was only a s|lght coating of clay or mud on the rocks, but there was up to
one foot of clay In the bottom pools. At Boulder Creek and at Central, the other two sites,
elght and ten mlles downstream, respectively, there was no vislible sedimentation, although the
water was slightly fturbld.

To get a more quantltative estimate of slltation, samples were taken from the bottoms
along the slde as a way of determinling the amount of flne materlal present (smaller than 200
mesh). The locatlons of these samples are shown In Plate 2 and the analyfical results In Table
4, Perhaps the flirst observation to be made Is that the problem of the effects of placer
minlng does not lend Itself readlly to quantiflcation. Several other remarks can be made.

The sedIments In Crooked Creek, at Boulder Creek, two mlles above Central and 8 mlles
befow the confluence of the creeks belng mined, contalned 17 percent minus 200 mesh materlal.
At Central, two mlles downstream, [t was less than | percent, Mammoth Creek at Mlller House,
Just below the mouth of Mijler Creek, actlively belng mined, was 8 percent mlnus 200 mesh.
Porcupine Creek (also belng mined) at Its mouth was 6.5 percent. However, Porcuplne Creek just
above Bonanza Creek, four mlies closer to the mlne, shows only 3 percent, Bedrock Creek at the
road crossing had 11.5 percent and at Its mouth, 14 percent, However, there Is no minlng on
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21} Studying the biota in Crooked
Creek, Circle mining district.
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22) Analyzing stomach contents of
seived fish from the Crooked
Creek, Circle mining district.
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Badrock Creek. The flgures apparently are of no use [n fudging whether a stream bottom Is
Impacted by mining to the polnt where It could not support spawning. Probably there are a
number of vari{ables that cannot be analyzed quantitativetly., |t ls obvious that some reaches
are Impacted (such as the potholes on Crooked Creek wlth c¢lay observed In them). |t |s also
obvlous that thls clay Is cleaned out periodically, otherwlse the holes wouid not remaln holes,

Table 4: Percentage of Varlous Sediment Stzes In Stream Bottom Samples.
(Semple numbers refer o reglon-wlde sampling net, preflixed wlth A.
See Plate 2 for tocatlons.)

Sampie Mesh Slze
Number Locatlon =4+20 -20+200 =200

+
S

A18 Boulder Creek at road

2

A19  Sawplt Creek at road
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A20 Bonanza Mouth
A21 Mammoth at bridge **
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A22  Stack Pup Cresk at road
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A23 Tolovana at Elllott+

Al Eva Creek Stream Cripple Creek I. . 18. 71.
A 2 Crooksed Creek at Central 57. 25. 17. 0.
A3 Cripple Cr,, 3 m]. below Eva Cr. . 94.
A 4 Chatanlka River, Mlddle of Stream 99. i . Q.
A 5 Goldstream Crossing * 19. v 28. 52.
A 6 Goldstream at Sheep Creek 95. i : 0.
A7 Little Goldstream Crossling 72. 1 : o.
A 8 Chatanlka, Side of Channal 96. i 3 0.
A 9 Ketchem at road 47. 32. 16, 4,
A10 Porcuplne at Bonanza 66. 18. 1 3.
All Mammoth at MItler Housa 53. 13. 24, Ts
Al2 Deadwood at road ** 78. 1. 10. 1.
A13 Goldstream at Fox l. E 37. 63.
A14 Portage Creek below mining ®*# 69. : 0.
A15 Crooked Creek at Bedrock Cr, ## . L 3s
Al6 Pedro at Discovery 84. . = 0
A17  Fatlth Creek at brldge *¥ S1. i 3 .0,
. 0.

0.

0

0

{

0

7

4

3

3
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A24 Goldstream at Ballalne Road * . 12. 87.
A25 Llvengood Creek at brldge ®* 29. . . 64.
A26 Washlngton Creek at road * 1. . 15. 73,
A27 Tatallna at €11lott t. . 44, 53.
A28 Chatanika at Elllott 76 18. 2

A29 Mlller Creek above mlne 7. 39, 49. o 5
A30 Mammoth at mouth ¥ 25. 74,
A3l Porcupline at mouth ii» 2. 93. 6.
A32 Mammoth = Porcupine % 0. 5. 86. a.
A33 Bedrock Creek at road 6. 82. .
A34 PBedrock Creek at mouth 12. 29. 43, 13.
A35 Crookad Creek at Boulder »» 0. 1. 70. 17.
A36 Crooked Creek at Central 36. 63.
A37  [ndependence Creek 2. 14, 68. 14,

¥ Creek flowlng on muck
#% MIning upstream

Very Ilkely a large proportlon of the bottom of any partlicular stretch of stream [s completely
cleaned out of flnes durlng high water, whlle other parts of the same stream bottom have flnes
deposited durling the same high water.



It 1s certain fhaf‘grayling spend the summers at least In the upper reaches of some of the
streams belng mined, because they are seen and caught there. In the fall they are seen migrat-
Ing down, even through the muddy water, apparently wlth no 11{ effects.

The best that can be sald at thils time Is that we do not know If grayllng and other fish
spawn in turbid areas below the mlnes. Certainly they spawn In the Crooked Creek dralnage, but
the spawning may have been above the mines. Observatlons made In the Falrbanks district
(Chatanlka River) while much stripping and minlng were [n progress Indlcate that the fishing
was good above the mines, just as good as today when the flsh do not have to traverse a
considerable stretch of muddy water to get there. Perhaps {t would be safs to say that flishing
Is not as good In the turbid stretches as where the water Is clear, but even here, some people
Interviewed malntained that they caught fish with splnners in turbid water.

Downstream Effects

The effects of sedimentatlon downstream from the Livengood area have been noted and
discussed. There, the abrupt flattening of the streams as they enter Minto Flats has caused
axtensive sedimentation of lakes and cut off channels durlng ati{east the past 10,000 years.

The sltuatlon In the Crooked Creek area Is somewhat dlfferent, but In some respects It Is
slmilar. East of the area under dlscusslon, the Tintlina Trench, a fault of continental propor-
tlons, extends along the south slde of the Yukon. In the Clrcle Hot Springs-Central area It
extends northwest-southeast. The eastern edge of the trench appears to form the highland front
that Is evldent near Clrcle Hot Springs and Central. North and east of thls front the ground
Is low and marshy, but this lowland does not merge wlth the Yukon Flats; there s a bedrock
ridge between, The area of the Trench lowland that |les just In front of Circle Hot Springs is
obviously the l|lowest, contalning several |akes, the largest of which Is Medicline Lake.

The pos!tlon ot the south side ot the Trench Is pretty well known bacause bedrock drops
off abruptly Just east (downstream on Crooked Creek) from the place where Sawplt Creek flows
Into Crooked Creek. The lake In Sectlon 21, T.9N, R.13E may Ile on thls fault., Bedrock on
Crooked Creek at the mouth of Sawpit Creek |s perhaps 12 feet below the surtface, while a short
way downstream a shaft 80 feet deep dld not reach bedrock. It would appear that the southwest
slde of the trench Is subsld!ng faster than the rest of the trench, since the lakes lle
clustered In that area. Once Crooked Creek flows Info the Tintina trench it becomes a
meandering rlver with high mud banks. The small amount of mud and turbldity which the creek
can transport lanto the low area cannot begin to equal the fine materlal avallable for transport
and deposition In times of high water In this marshy lowland.

The largest of these lakes, as mentloned, Is Medlcine Lake. Crooked Creek follows 2
tortuous route Just north of thls lake, with a channel connecting the |lake to the Creek.
Ordinarlly, there would be a slight flow from the {ake to Crooked Creek since several straeams
flow Into the lake. 1t Is evldent, however, that at some tIime (n the past, Crooked Creek has
partfatly tllled the north end ot the lake. Thls sedImentatlon Is net In progress now, nor has
1t been In hlstorical t+Ime. Undoubtedly, Crooked Creek In times of high water must deposit
sediment In some of the lakes, but since |1ttle actual volume of slit Is |lberated by mining
(as distingulshed from stripplng muck), the contrlibution from mining Is probably a minor part
of the total ioad In high water. Thus, although sedimentation of a low subsiding area has been
Important In the past, as it Is today at Minto Flats, [t Is not occurring now In the Crooked
Creek area. Sediment coming down Crooked Creek, and B8lrch Creek too for that matter, Is
periodlically flushed Into the Yukon.
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Chapter 4
Interviews With Long TIme Resldents
Introduction

Interviews were conducted with several persons who have had extenslve experlence (n Liven~
good, Minto Flats, Clrcle and other areas. As mlight be expected, those wlith ciose and exten-
slve contact wlth the wllderness environment of Alaska are natlves and others who have |lved
the subslstence life style: trappers, hunters, mlners and those dependent upon these Indl~-
viduals for a |lvellhood.

Comments, of course, reflect each person's Intarpretatlion of change as they see It affect~-
Ing thelr |lves. Yet, fact can be slfted from the whole story. A deflinlte change In wildt!fe,
fish, vegetatlon and terraln Is discernable, even though the magnltude and deslreabl| |ty of
that change may be open to question. iIn general, there is !1ttle degradation that tlme and
natural forces can not heal. Much of the Impact of placer mining Is to Increase the rate at
which change would have eventualiy taken place by natural processas.

Lfvengood Area

Charles Ulsh has |lved [n the Livengood area as long ago as 1923; Lajla Uish as fong ago
as 1930. Thelr comments follow:

!. FlshlIng Is good now and was good then In the Tolovena and West Fork, However, It |s
necessary to go above or below the bridge crossling, because the rlvars near them are flshed
out,

2, When the dredge was operating, flshlng was good In the Tolovana and below the dam In
Hess Creek. At dam In Hess, flsh were fthlick In the pond which was very muddy.

3. Durlng drlft mine days Llvengood Creek ran vary muddy In the spring when the winter
dumps wera belng siulced. No flsh were caught In the muddy water but grayllng could be caught
In Myrtle Creek, a tributary of Livengood. This (s stll] possibie.

4. In the spring before slulcing starts, grayling can be seen In Llvengood Creek. When
LIvengood Creek was muddy flsh could be seen golng through the mud and lato Myctle Creek, whlch
was clear.

5. Heavy fishing Is what cleans out fish. They have seen the Tolovana muddy, yet have
been able to catch plenty of fish above the dem.

6. Carlbou were plentiful when mining was In progress. They would Jump across the dltch.
They walked down the streets of Livengood In the 1930's. The drlft mInes had steam bollers and
ezch had a whlstle. The whistles ditdn't disturb the carlbou.

Circle Dlistrict

Messrs. Frank Young and Charles Lalrd were interviewed regarding thslr racaollectlions of
condltions In the Crooked Creek dralnage area.

1. They made positive statements that turbldity never stopped fIsh, namely salmon and
graylIng, from coming upstream.

2. Fish are caught balow mining aperations. Grayling came right up to the mlnes.

3, Dlsturbance by mining Is temporary.

4. When Eagle Creek was being hydraulicked, fish could not be caught when actually
washing gravel. FIsh could be caught In lower Eagle Craek affer the splash stopped. Flsh

could always be caught in Ptarmlgan Creek, a tributary from the north below the mining area.
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5. FlIshing Is good on Crooked Creek now, but respondent does not know about 1930's when
much bydraulicking was in progress. A confrary opinlon was that flshing never was very good In
Crooked Creek, but he never notlced 1t to be worse when mining.

6. As soon as follage comes back atter mining, the moose move in, for exampie along
ditches and airstrips.

7. Mud from mining does not drive fish completely out of the stream belng mined; they can
always be found above the minling area.

Mr. Tury Anderson, a long time miner and resident of the Interior, mined on Porcuplne
Creek from 1950 fo 1952, dredged on Crooked Creek from 1953 to 1954 and also mined on Indepen-
dence and Greenhorn In 1554, He stated that fishing was always good !n Porcuplne Creek.

Messrs. Tury Anderson, Bruce Thomas and Frank Young, all actlve miners or consu{tants In
the Falrbanks and Clrcie Districts, had thls to say regarding minlng activities and systems:

1. There were always flsh In Mammoth Creek.
2. Grayling can be caught In muddy water by using a bright spianer which they could see.

3. There were flsh In the dredge pond. A beaver I|lved In the dredge pond and used to
dive under the bucket IlIne.

4, The maln thing that affects fishing Is high water.

5. In the early 1950's, a man In Central netted much whiteflsh In Btrch Creek below the
mouth of Crookad Creek, which was muddy.

6. In the Chatanika RlIver (on the Tanana side of the divide) whlle muck was belng
stripped Into the rliver, the graylling flshing was good above the operation. The fish would
come through the muddy water to the clear water above.

7. The same was true on Coal Creek fributary to the Yukon above Circle.

8. On Vault Creek In the Falrbanks District, a miner was observed pumping muddy water,
The flish would swim right up to the pump screen.

Minto Flats

Mr. Jack Jones and Mr, Pete Hagglund, two white men who have spent much time In the Flats
as hunters and fishermen, were also Interviewed. One of them [s a commerclal pllot who has
seen almost all of Alaska. He reports that there appears to be a drying tendency ot late
years, The water level of Minto Lake has lowered over the last 30 years. A lot of dry beach
Is exposed. Also, Hardlng Lake, 80 mlles from the MInto Flats, Is receding and some wells In
Falrbanks Indlcate lower water tables. He also states that the growling In of lakes by vegeta=
tlon Is accelerating.

Mr. Jack Jones also reported that the shore |1ne of the northernmost of the Big Minto
lakes has receded consliderably In Jate years. He stated that plke flshing In that lake Is
poorer than formerly. He attributes this to the receding waters, but more to the heavler
fishing In recent years. Before 1970, the people of Minto |Jved on the Tanana Rlver and
depended to a large extent on salmon. About’ then, the village moved to Its present site at the
‘north end of the Flats. Flshlng pressure has shlfted from salmon to plke and whiteflsh.

The senlor author and Mr, Dennls Ward were gulded through an extenslve part of the Mlnto
Flats by Mr. Joha Titus. They.were taken up the Tolovana from New MInto and shown several dry
lake basIns connected to the river durlng high water. Our gulde stated that these basins
formerty had been occupled by water but that sllt from mining operatlions at LIlvengood had
fliled them In. One dry lake had been full the day before; obvliously the river had dropped and
the water ran out. |t Is difflcult to belleve that an excess of sedlment In the water caused
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the drying up of the baslns; the basins are bordered by encroaching vegetatlon and the channels

between the rivers an¢ the dry

|akes are too narrow to admit much silt. Mr.

Titus attributed

the turblaity present Yo mining operatlions at Livengood.

Mr. Titus states that trees along the Tolovana River have been killed by mud from mlning

operations.

Mr. Peter John, born In Minto In 1500,

When questloned about possible subsldence of the nerth part of the Flats, our
.guide stated that a small hll| appears to be more suvbmerged than formeriy.

stated that the first blg Influx of mud arrived [(n

1929, and attributes a decline In fish, blg game and fur to the drylng and fllllng of the

lakes.
carlbou mlred and drown In a muddled lake.
money trapping and the hunting Is spolled.
waterfow!.

TABLE A-t,

Sleve Analyses by Welight Paccent

He stated that the whole Flats has been affected by the Infl!lling.
Accordling to hlm people can no ionger make much
The only thing that the Flats are good for Is

He saw several

Lecatlons of SedIiment Sampies, Livengood—MInto Flats Area (see Plate 4)

100 x 150 x 200 x 270 x
Sampie No. x 100 -150 200 270 400 -400
B 1 3.6 2.1 2.9 3.8 15.4 72.2 Dry sedIment pond, LIvéngood camp
B 2 2.0 ) 4.0 12.3 35.8 40.7 Mud alongside creek at LIvengood camp
B 3 3.4 2.5 2.1 2.1 9.2 80.7 Undlsturbed, In place, slit bank at Llvengood camp
B 4 .7 1.6 5.9 9.3 23.8 58.6 SettllIng pond at Llvengood
B 5 7.1 6.6 8.6 9.4 21.9 46.4 Tatalina River at Elllot Highway crossing
B & 8.7 3.0 2.7 2.2 6.4 79.3 Tolovana across from Minto vlillage
8 7 12.1 24.6 21.4 9.5 5.5 26.9 TataiIna RIver In Flats, 2 1/2 ' above water
B 8 10,1 29.5 28.6 12.7 6.0 13.5 Tatsllna Rlver at water's edge =~ gravel
B 9 3.5 2.0 2.2 2.6 9.7 80.4 Muck bank, In place, west slde of lower cut of 1977
8 10 3.6 2.1 2.9 3.8 15.4 72.2 Tataltna River In Flats, 8' above water
B 11 . 71.8 5.4 3.4 2.2 2.4 14.8 Tolovans at Elllot Hlghway crossing above LIvengood
8 12 2.1 3.9 6.7 7.8 23.9 55.7 Tolovana at butte above VI|lage
B 13 Tolovana Rliver water In Minto Flats
B 14 15.8 5.9 4.7 3.3 7.5 63.0 Tolovana Rlver bank across frem Minto V1llage
B 15 2.3 2.6 5.6 7.9 29.9 5).8 Mud from Rock Island Slough beiow YIIlage
B 16 1.4 15.7 38.2 26.6 12.9 5.2 Sand dune 10' above water, Tatallna Rlver In Flats
B 17 6.7 5.3 9.4 11.6 33.9 33,1 Chatanlka RlIver In'Flats, 1' above water
B 18 25.3 28.1 15.2 5.5 4.8 21,3 Tatallna River In flats, {' sbove water
B 19 6.0 3.4 3.0 2.5 4.4 60.6 Idaho Slough, shorellne, surface
B 20 14.6 7.8 7.1 5.1 8.6 56.8 From bottom of Channel to lake, jJust above Vfllage
B 21 13.1 6.1 5.1 3.9 9.1 62.6 Toiovana, surface, across from VIl lage
B 22 10.1 29,1 30.0 14.9 8.3 7.6 Tatallna In Flats, auger hole
8 23 17.7 30.% 24.1 10.0 5.5 12.2 Tatallna In Flats, 4' above water, shovel sampls
8 24 5.5 6.6 12,2 13.1 30.9 31.7 Tolovana across from VI(lage
8 25 9.2 5.3 4.4 2.9 6.7 31.5 Chatanika In Flats, 2' auger hole
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23) Tailings provide a very desirable
building foundation, Fox, Alaska.
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24) Tailings utilized for subdivision
roads, Fairbanks District.
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Chapter §
CONCLUS IONS

There are signliflcant natural forces at work In the Minto Flats arsa. As mentioned In
Chapter 2, there Is clear evidence that the north and east areas of the Minto Flats are
subsiding. Earthquake research supports this. Dr.D. Van Wormer, et al, 1973 state: "Note-
worthy actlve areas are ..., the Falrbanks area, and the Mlnook Fault near Rampart ...." These
actlve sreas are Immedlately to the north and east of the Minto Flats,

Also, as related In Chapter 4, the shore line glves evlidance by both eye wltnesses and
photographs that the MInfto Flats may be drylng out., Whether this is a continuing or temporary
trend Is not known. Nelther Is [+ known |f the causas ot the changes In shore |lne reflect a
change In cllimate or result from alluvium from placer minas. Certainly the natural fllling In
of lakes by vegetation [s also an ongoing factor in the evolution of the Minto Flats.

Alluvlum from placer mines has In tha past, and In part I|s now belng dlscharged Infto the
streams. {n many respects and in many locatlons along the course of s stream thls creates
condltlons that are transitory, particularly [a the headwaters and upper reaches. As an
example, pools observed as having mud bottoms during one season become clear gravel stretches
the next season. Thls Identlifles a more criltical zone of a stream as (lkely belng the
d;scnarge Into a [ow=lylng or swampy area, or Into a glaclated or otherwlise contlnuously turbld
river.

Appendlx D detalls the work of Dennls L. Ward, Assoclate Aquatic Bliologlst of Environmen=
tal Services, Ltd. Water samples wera taken at four po!nts starting below two working placer
mines on the Crocked Creek dralnage system durlng the summer of 1977. The two sltes closest fo
the mines wara highly turbld wlth suspended sollds as high as 45 NTU and 207 mg/l. Yet It was
reported that six orders of Insects were present at each of the four sltes. Trlchopterans were
absent from statlon #2 sample and Plecopterans were absent from statlon #3 sample, Exuviae
ware found at all stations but were most abundant at statlons 2 and 3. Graylling were reported
caught at all four statlons.

Doug Welr (see Appendices A and B) reports cons|derable evidance of plant and anlimal food
for ti1sh and birds. He also commented aslde from his written report that such |life forms
appeared to be more abundant along the Tatalina River banks than along other streams. The
Tatal Ina has not been subject to placer mlnlng.

in Appendix C, Mr, Welr states: “Assuming that much of the sediment had been transported
from the minlng districts (and the matarlat should be tested to conflrm this), then mlnlng
sedIments were Impllcated In marked sll|ting of the channals of two streams and of certaln
nearby lakes". As noted alsewhere, *there Is no questlion of heavy sliting along Goldstream
Creek and adjacent lakes. The affects on other streams are harder fo assess, A factual and
quantitative evaluatlion of the [mpact of placer mining on varlous aspects of the environment
w!ll require further study. Thls study must relate the rate of {mpact of the geomorphlc,
biologlc, tfectonlc and cultural processes which aftect the Alaskan envlronment.
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Appendix A

Discusslon of Sleve Analyses of Sediment Samples
Taken at Minto Flats and In the Llvengood Area

Two sets of samples were taken durlng the study. One set covered a wide area as shown on
Plate 4 and Table 4. Another set was taken in the Livengood district and on the banks of
streams In MInto Flats. These later sampies are reported on below. Fines means mlinus 400
mesh.

Tatallna Rlver

Sample nos. 16, 22, 23, 8, 18 and 7, that were taken on the bank of the Tatallna RIver In
MInto Flats, all have less than 30% fines {mInus 400 mesh). Thesa samples are moderately wel)
to wall sorted and probably represent either sand bars or sand dunes.

Sample no. 5, taken where the Elllot Highway crosses the Tatallna Rlver, contalns almost
504 flnes and Is poorly sorted fo very poorly sorted.

Sample no, 10 was taken at the same locallty as sample no. 8, but Is consldered to be
representative of the sediment presently belng deposited by the Tatalina River at Minto Flats,
This sampie contalns over 70% flnes and the sorting 1s simllar to sample no. 9.

Sample no. 5 and sample no. 10 are similar [n thelr degree of sorting and differ only In
thelr medlan size. Sampie no. 10 contains around 25§ more flnes than sample no. 5, most (ikely
reflecting {ts downstream locatlon In the flats where the stream competency has been decreased.

Tolovana Rlver

All of the samples taken along the Tolovana Rlver are poorly sorted. Sample no. 1] [s the
coarsest, contalning 15% fines and 70% plus 100 mesh. Sampie nos. 6, 12, 14, 21 and 24 have
betwean 30§ to 80% fines, and a median in the sllt size range.

As expected, the coarsest sample (no. I1) [s from the Tolovana above L Ivengood and the
fliner sedlments are from the Minto flats. The range In the samples taken at MiInto Flats are
considered to be a function of where along the stream bank the samples were taken,

Chatantka Rlver

The two samples taken at the Chatanlka Rlver at Minto Flats (nos. 17 and 25) are both
poorly sorted wlith a median slize In the slit slze range. Sample no. 17 céntalns 34% flnes and
sample no. 25 contalns 70% flnes. Thase two samples are simllar, as one would expect, to the
samples taken along the Tolovmna Rlver at Minto Flafts.

Livengood Area

The flve samples taken In the Llvengood area have medlan slzes that fall wlithln the slIt
slze range. All the samples are poorly sorted and contaln between 40% to 82% fines. The
sample taken In a sett)ing pond and along the bank ot a creek has |ess flnes than those taken
dlrectly from the muck. Thaese samples show the charecteristics of most loess deposlts (medlan
In the s1it size range and poorly sorted). The settlling ponds and the creseks contaln lsss
fines and are better sorted than the loess found In place, due probably to the ablllty of the
streams Yo carry the fines In suspenslion through the overflows, and to other hydraulic factors.
This dlfterence !s not well shown and It therefore |s not a concluslve observation,
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TABLE A-1. Locatlions of Sediment Samples, Livengood--MInto Flats Area (see Plate 4)

Sieve Analyses by Welght Percent

100 x 150 x 200 x 270 x

Sample No. x 100 150 200 270 400 -400
B 1 3.6 2.1 2.9 3.8 15.4 72.2 Dry sediment pond, Livengood camp
B 2 2.0 .9 4.0 12,3 3.8 40,7 Mud alongside creek at LIvengood camp
B 3 3.4 2.5 2.1 2.1 9.2 80.7 Undisturbed, In place, silt bank at Livengood camp
B 4 .7 1.6 5.9 9.3 23.8 58.6 Settling pond at LIvengood
B 5 7.1 6.6 B.6 9.4 21.9 46.4 Tatalina River at Elllot Highway crossing
B 6 6.7 3.0 2.7 2.2 6.4 79.3 Tolovana across from Minto vIi|lage
B 7 12.1 24.6 21.4 9.5 5.5 26.9 Tatallna Rlver In Flats, 2 1/2 ' above water
B 8 10.1 29,5 28,6 12,7 6.0 13.5 Tatallna River at water's edge - gravel
B 9 3.5 2.0 2.2 2.6 9.7 80.4 Muck bank, In place, west slde of lower cut of 1977
B 10 3.6 2.1 2.9 3.8 15.4 72.2 Tatallina River In Flats, 8' above water
B 11 71.8 5.4 3.4 2.2 2.4 14.8 Tolovana at Elllot Highway crossing above LIvengood
B 12 2.1 3.9 6.7 7.8 23.9 e Tolovana at butte above Village
B 13 Tolovana River water In Minto Flats
B 14 15.8 5.8 4.7 3.3 1.5 63.0 Tolovana River bank across from Minto VIllage
B 15 2,3 2.6 5.6 7.9 29.9 51.8 Mud from Rock Island Slough below VIllage
B 16 1.4 15.7 38.2 26.6 12.9 5.2 Sand dune 10' above water, Tatallna River In Flats
B 17 6.7 5.3 9.4 11.6 33.9 33.1 Chatanika River In Flats, 1' above water
B 18 25.3 28.1 15.2 55 4.6 21.3 Tatalina River In Flats, 1' above water
B 19 6.0 3.4 3.0 2.5 4.4 60.6 | daho Sfough, shoreline, surface
B 20 14.6 7.8 7.1 5.1 8.6 56.8 From bottom of Channel to lake, just above Village
B 21 13.1 6.1 5.1 3.9 9.1 62.6 Tolovana, surface, across from VIllage
B 22 10.1 29.1 30.0 14,9 8.3 7.6 Tatallna in Flats, auger hole
B 23 17.7 30.5 24.1 10.0 5.5 12.2 Tatallna In Flats, 4' above water, shovel sample
B 24 5.5 6.6 12.2 131 30.9 31.7 Tolovana across from Village
B 25 9.2 5.3 4.4 2.9 6.7 31.5 Chatanika In Flats, 2' auger hole



Table A-2. Turbidity of Naturat Weters from Llvengood Creek, Spring, 1977

Sample Description NTQ
1 LIvengood Creek at bridge May 2 49
2 9 a.m., May 6 at brldge 339
3 May 10 105
4 May 14 84
5 May 18 39
6 May 22, Water down to about 1/2 flood, 6" deep, 8' wlde 8t
7 May 30, Creek slightly higher, ralned yesterday 59
8 June 3, Two days heavy raln 120
9 June 11, Upper bridge, water clear 18
10 June 11, Lower bridge 26
11 June 15, Lower brldge, 36 hours after haavy raln 57
12 June 15, Upper bridge, 36 hours heavy raln 57
13 June 19, Upper bridge, LIvengood 28
14 58
Table A-3. Turbidlity Measurements
Average
Reading
Sample Locatlon Readings (NTU) {NTY)
Mouth of Tatallna 2.9, 3.0, 3.2, 3.6, 3.4 3.2
Tolovana, 1 mlle below Chatanl-
ka In Flats 3.0, 3.2, 2.8, 3.6, 3.2 3.18
1 water percolated through
settiing dam 2520, 2670, 2640, 2520, 2610 2592
Chatanlka, below Tatallna
(definlte mixing zone above
this) 7.1, 6.4, 7.0, 7.1, 6.9 6.9
Chatanlka In Flats 3.6, 3.8, 4.4, 4.4, 4,2 4,08
Tolovana, Just above Chatan(ka 6.8, 7.2, 7.2, 7.3, 7.6 7.22
2 discharge water from Ist dam 2760, 2820, 2790, 2880, 2700 2790
Water 3, lntake to pond at
Llvengood Camp 2580, 2520, 2350, 2550, 2580 2556
Tolovana at vil|lage 3.6, 4.4, 3.5, 3.8, 3.8 3.82
Tatal na 3.8, 4.0, 4.0, 4.5, 4.5 4,16
Rock Island Slough below viilage 1.2, 1.1, 1,2, 1.4, 1,}% 1.2
7.4, 8.0, 7.6, 8.2, 8.0 7.84
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Minto Flats

The three samples (15, 19 and 20) taken In the Minto Flats are simllar In both medlan size
and sorting to those sampies taken along the Tolovana Rlver and Chatanlka River in the Minto
Flats, and the one sample taken along the Tatallna River that Is assumed to be representative

of the sediment deposited by that river in the flats. The samples contaln between 50% and 80%
fines.

General Concluston

Ail of the samples faken In the Minto Flats, excluding the samples taken along the
Tatalina Rfver that are assumed to be elther from sand dunes or sand bars, are both poorly to
very poorly sorted and flne gralned (medlan size belng slIf slze or flner).

The samples taken upstream of the MInto Flats on both the Tatalina and the Tolovana have

less flnes than the samples taken in the Flats, but are also poorly to very poorly sorted.
These observations correspond to those found In natural fluvial systems.
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Appendix B

FTR7801 Oouglas Welr to Ernest Wolff copy C.C. Hawley

05/06 June Ecologlical Reconnalssance Clrcle Mining DIstrict for Unlversity of Alaska Bureau of
Mines Study

{TINERARY 05 June briefly vislted Fred W)lklnson's mine on Ml ller Ck and met rest of teem. 06
June lnspected stream state and plant colonlzatlon at Crooked Ck (Central Brench), Deadwood Ck,
Croocked Ck at Boulder Ck campsite and flnally Mllier Ck.

CROOKED CK (CENTRAL B8R) Plant colon!zatlon of transects of an old gravel roadbed and adjacent
river shingle was examined. The stream was clrca 20 meters wlide, ran at moderate speed and was
turbld from mining. The surrounding vegetatlion was rlparian broad leaved woodland, bireh aspen
with some spruce and a willow understorey, canopy clrca 18 meters.

The roadbaed transect was clrca 10 meters of slope from river shingie, compacted top and
slope to landward. The rlver shingle - top slope was circa 70% vegetated wlth alder, wlllow,
blrch to 1.2 meters, roses, tlrewsed and other herbs, horsetalls and grasses. Tha top was
clrca 10% vegetated with 4 specles of wlllow, birch and spruce to 1.0 meter, flrewaed, other
herbs and grasses. The top-landward slope was < 10% vegetated with 2 specles of wlllow, blirch
to 1.0 meter and grasses,

The river shingle transect was clrca 10 meters from watarside to the foot of the roadbed,
of stable, somewhat slited shingle, < S¥ vegetated with 2 specles of wlliow to < 1.0 meter and
grasses. Wader footprints and beak probes Indlcated Invertebrate |lfe In the strand.

DEADWOOD CK Thae area was mlned trom clrca 1900. |t was surrounded by sllver/black spruce
woodland wlth some aspen and b wl!low understorey. Tallings 1-3 years old were |nvegetated.
An older talling of uncertaln age was examlined. The compacted Yop was < 5% vegetated wlth
scattered spruce (largest 11-20+ years old and < 0.1-0.4 meters hlgh) and some very small blrch
and wlllow. Mosses and Sax]frages were present. The recllinlng angle slope was unstable,
vegetated < 5% wlth Saxlfrages, other alplnes and some grasses. The slope foot was silt/sand-
/gravel wlthout standing water and had a clrca 2 meters wlds, dlscoatlnuous band of aider-
willow to 1.5 meters wlth a partial floor layer of grasses. It adJoined a dry roadbed/stream
channel.

The creek bed gravels were compacted and 'cemented! by slIt. The wataer was clear with
some reddish stalning. Across the creek from the talllngs were more or less flat, well vege-
tated strippiags and talllngs, dating from the 1930s or earller. There was contlnuous canopy
broad leaved woodiand, clrca 4 meters high, of alder=blrch-wl)low-aspen with a few spruces fo
1.5 meters. The floor was clrca 50% bare, stony In parts, with cover mainly of grasses.

CROOKED X (BOULDER CK CONFLUENCE) The dredge had operated down stream In a single cut from
clreca 1953 to 58 and the (owarmost 400 meters was Inspected. Rlver scourlng had fiattened and
dlspersed tallings or stripped the coarse gravels from the stlll-erodlng cores of flnes. Plant
colonlzatlon was simllar to that of adjacent natural shingle bars. Overburden plled on +he
banks was well vegetated by wlllow with a grass-herb floor layer and colonlzation by spruce hag
begun. Streambed Insect larvae were present.

MILLER (MASTOCON/) CK TYhe surrounding vegetation was Montana black spruce, wlth blrch-aspen,
canopy clrca 12 meters and,lylng on the upper edge of very extensive tracts of nearly pure,
small black spruce. Mechanical=hydraullc stripplng of the bench aedge on the right 1imit was
nearly complete. Very turbld water was dlscharged directiy to the cresk but arrangements had
been made to discharge by plpe during slulclng into a dry, off-channel complex of old dredge
tall1ngs downstream. The overburden was vegetated wlth biack spruce to 4 meters and a dry
heath tundra floor, It conslsted of black, sl!lty organic material, up to 6.5 meters thick wlth
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no soil profile evident and extensive ice lenses from circa 1.5 meters below the surtace.
There were numerous subfossi! bones of large mammals, some In browner, sandier burled solts.

Talllngs up to 3 years old were unvegetated but plant colonization of a 5 year old tal)ing
was reported. Stripplings on the edge of the bench, plled away from the slulcing area, were
well colonlzed In 1-2 years, Inltlally by mosses which might form 100% cover. 'Relict' frag-
ments of heath tundra communlties were thriving and there were vigorous Invaslons of willow,
flreweed and grasses. The creek bed gravels were severely compacted by sllIt.

Two talllngs 28-32 years old were examinad. On the flrst, tha compacted top was 5-)0%
vegetated, with spruce (5-20+ years old and 0.1-0.7 meters high), 4+ specles of wlllow to 1.5
meters, some blrch, no grasses, numerous flowering plants and no mosses. The reclining angle
sides were vegetated 5-10% with willow, flowering plants and grasses. The foot had no standing
water, dense wil low stands to 5 meters and a grassy floor. The second talllng had the com-
pacted top vegetated clirca 20§ with spruce (to 20+ years old, up to 1.5 meters high, recent
growth to 15 centimeters p.a.), willlow, white cottonwood, blrch, flowering plants, a I1ttle
grass, some moss and |lchens. The steep sides were similarly but less vegetated. Siope foot
and Inter talllng spaces were varlably dry to wet with dense willow thickets to 7 meters and
1008 canopy, some spruce to 5 meters and generally grassy floors. Creek bed gravels were only
moderately compacted (the area was upstream of recent minlag). There was some stalning of the
clear creek water by organlc/mlineralized material draining from an old wet cut.

BIRDS AS INDICATORS Spring mlgration was stil] In progress, wlth passage/arrival of at least 4
specles noted and some others appeared to be still absent. Mergansers, Terns, Kingflshers and
Dippers would Indlcate that flshes/supporting stream fauna were common; none of these blirds
were seen durlng thls short vislt to watars which might not have been very sultable for other
reasons. Spotted Sandplpers and Northern Water Thrushes would suggest at least moderate stream
margin Iavertebrate faunas; both specles were present at a minority of sltes but Spotted
Sandpipers were stll| migrating thru the ares at the time, The presence of many smaller, blrd-
eating raptors would Indicate high blologlical productivity (Welr, in press); a probably nesting
Merlin and a nesting Sharp Shlnned Hawk were seen. Nelther would be common in virgin wilder-
ness locally but these two slightings could have been fortultous.

Douglas Welr 8 June 78
Reference

Welr, D.N., In press, Raptor and ow! populations of a southwest Alaska mountaln valley, Raptor
Research,
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AppendIx C

FTR7802 Douglas Welr to Ernest Wolff copy C.C Hawley

08/09 June ECOLOGICAL RECONNAISSANCE LIVENGOOD & MINTO FLATS FOR UNIVERSITY OF ALASKA/BUREAU
OF MINES STUDY

ITINERARY Left Falirbanks 08 June, arrived Llvengood clirca 1430 hrs., Inspectad settiling pond
system, ENW sampled water, solls. Arrlived MInfo clrca 1830 hrs arranged tor boat wlth Mr. L.
Titus as gulde for 09 June. Left Minto by boat clrca 0730 hrs on 09 June, downriver Toiovana
*o confluence and brletly up both Tatallna and Chatanlka Rlvers, throughout noting some rlipar-
lan-aquatic 1lfe forms and sampling water and soils. Returned to village and travelled up
Tolovana and into adjolning channels. Completed reconnalssance circa 14308 hrs and refurned to
Falrbanks.

LIVENGOOD NOTES Slulclng began wlth one shlft §5 May, with two from 05 June. Settlling pond
systems were exftended since 1977 season wlth a complex of five (not vislted) above Llvengood
town and tour below. Very turbld water (viIsIblllty <5 centimeters) was entering tha fower
paert of the system, which was of large, well pianned and made ponds. There was evident sef~-
t1ing out of substantial sl|It burdens In all ponds and a vislble progressiva Improvement in
water quallty but the water dlscharged Into Llvengood Creek was stlll markedly turbid, The
sl1t burden In the dlscharge appeared Yo be ot very flne, presumably suspended particles whlch
the system was clearly unable to settle. Ernie Wolff took soll and water samples,

MINTO FLATS; LIFE FORMS IN RELATION TO DEPOSITED SILTS The aim was to make a simple assessment
of the distribution of riparlan-aquatic mammals and birds and of some food organi{sms In rela-
flon to known distribution of 'Livengood' sitts (see earller reports by Ernest M. Wol €, Mr.
Dennls Ward and Doug Welr). The value of partly subjectlve assessmaents from a single short
fleld trip Isclearly lImlted but they may prove usefu!) In discussing Minto Flats wlld fowl
data with USFWS (Mr. J. King, Falrbanks). At the time of the +rip the water leve! was thought
fto be unusually low but whitefish were belng taken by the vlilage in probably more than avarage
numbers.

Travelllng along rlvers by boat, In fine weather, the numbers and specles of ducks/waders
flushed were noted, as was the presence of some other blrds and mammals, At one to threa
topographically comparable polints slong each sectlon of rlver the shore was examlned. Recent
. feedling or resting use by ducks, waders and beaver was noted from tracks and slgn as was the
presence and approxi{mate varlety of tree moving rliparlan-aquatic lInverfebrates within 1 meter
of the stream edge. Ernie Wolff took soll and water samples at these and other polnts. The
biologlcal observatlons are compared In Table one. Subject fo guallflcat!ons (above) they were
consistent with higher stream edge productivity where 'miningt siits were absent; the tantatlve
nature of this suggestlon |s agaln stressed as [s the need to discuss the subject wlth USFWS,

Douglas welr 10 June 78
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Table C-1:

Indlcatlons of Abundance of Some Riparlan-aquatic Life Forms In DIifferent
River Sectlons of the Minto Flats.

Stream Margln Use
by Ducks/Waders &

Rlver Sectlon & Approx., No. & Specles of; Other Selected Yarlety Riparian=-
Length in Km Dabbling Ducks Waders Life Forms Aquatic Invertebrate
. Noted
Tolovana below C140 - 5 C30 - 2 Can. Goose two pr ducks some
Minto, Km Moose 1 0 waders heavy 5+
Beaver |
Buffeihead one pr
lower Tatallna c80 ~ 6 c60 - 3 Swan one pr ducks v heavy
Km Kingfisher 2 waders v heavyls+
Scaup | pr
lower Chatanlka c20 - 4 clo = 1 Can Goose one pr ducks sllight
Km waders siight 2+
Tolovana above cd0 - 6 c20 - 3 ducks sllght 2+

Notes: 1.

2‘

to moderate
waders modsrate

lower Chatanlka was the only sectlion where the slope of the stream margin was
steep and thus less sultable for ducks/waders.

the Tolovana above MInto was probably subject to most boat disturbance which
might atfect resting/feeding use of the margin by ducks.

the dabbling duck species noted were, In order of abundance; Baldpate, Greenwlng
Teal, Mailard, Plntall, Shoveler and Bluewlnged Teal.

the wader specles noted were, In order of abundance; Spotted Sandplper, Solltary
Sandpiper and Lesser Yellowlegs.
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Appendlx D

Report to Or. Ernest N, Woltf, Associate Director of M.l.R.L.,
Unlverslty of Alaska, Falrbanks, from Douglas Welr

Introductlon: The questlons asked In the study were: a) had the Tolovana Rlver and
Gotdstream Creek transported placer mining sediments from the Livengood and falrbanks dlis-
tricts, respectlively, to the Mlnto Fiats and there deposlted them in streams and )akes? and b)
If 8) were so, had the sediment deposltlon serlously affected the natural ecosystem of the
Flats? | took part In the two September/October ‘77 tletd frips fo the Flats, Inspected 1949-
54 aerlal photos for evidence of sl(ting and made suggestions about blological date whlch could
be sought within the cost and time tImits of the study.

Topographical Mapplng Photos: A wrltten report was glven Yo Dr. Woiff on 04 Octaber '77
and Js summarized; photos of part/all of the Fla¥s were taken In the months of June to August
1949, 51 and '54, and showed that Washlngton Creek., Tatalina Rlver and Chatanika River (above
the confluence with Goldstream Creek) were In no case vislibly opague. There was no placer mine
dlscharge Into these streams. Tolovana River and Goldstream Creek were vislbly opaque |n all
photos and could usuvally be seen depositing sl|t In adjacent [akes and oxbows. A complteation
was that the lower 12 mlles of the Tolovana Rlver and the southwest part of +he Flats around
Swanneck Slough were commonly flooded wlth turbld water from the Tanana Rlver.

Fleld Trips: Fleld Trip One was by Dr. Wolff, Dennls Ward, a consultant flsheries blolo-
gist, and myseif on 27-28 September '77. We drove to Minto Village to arrange for a boat and
gulde to vislt the flets and to Interview Peter John, whose testimony in a2 lands hearlng had
sparked the {nvestigation. Guldlng arrangements were made with Leo Titus who was faml|lar with
the Flats from the flrst alleged si|t deposition In the late 1920s. Peter John stated that the
maln mud flow down Goldstream was flrst evident ln 1929 (2-3 years after the start of major
operations at Falrbanks). Intllllng of lakes was clalmed to have reduced the numbers of fish,
especlally of plke, to have reduced mlInk and muskrat numbers and to have adversely affected
moose. An Instance was given of 16 caribou mlred and drowned while crossing a {ake. Bad
weather pravented actual fleldwork and we returned to Falrbanks on 28 September Inspectlng the
Llvengood mining area on the way.

Fleld Trip Two was on 30 September by the same party. We flew the course of Goldstream
Creek from Falirbanks and inspected (akes wherse photos (above) had shown silt depositlon. Thils
was stll| evident, some 15-20 years after the end of major dlscharges Into Goldstream Creek.
Effects were only evident In the creek channels, those of the Chatanlka Rlver above and below
{¥'s contluence with Golidstreem and 1n certaln Immediately adjacent lakes. The Tolovana pres-
ented a broadly similar plcture, with contiaulng sil+ deposltlion In some lakes close to Minto
Village. We traveled about 10 mlles up the Tolovana with Leo Titus, by boat, and were shown a
number of I|skes, generally with direct connectlon ta the river, In varlous stages of Infllling
from moderate shallowlng to completely fllied marsh/meadow/wl|iow scrub. Another notable
feature was the relatlvely recent death of riparian trees. This was wldespread among white
cottonwoods, wlllows and even blrches along the whole lowland (Flats) covrse of the Toloveana;
I1ke the lakes Inflllling, teo Tltus attrlbuted the tree deaths to mining sediments. The area
Is notably rich !'n wlldfow! (Table One). Mammal sign was also very evident and the Impresslon
was that moose, black bear and other carnlvores and beaver were regularly preseat.

Comment: Assumlng that much of tha sediment had been transported from the mlnling dis-
tricts (and the materlal should be tested to confirm thls), then minlng sedIments were Impll-
cated In marked s)iting of the channels of two streams and of cerftaln nearby lakes. |f, as
seemed possible, the Flats were drylng out extensively, |t would be very difflcult to assess
the role of mining sediments In relatlon to that of natural successlons In flood plaln forma-
flon or to geological or hydrological changes,

The wildiIfe changes complalined of by Petar John were generally compatible wlth The
general drylng up process. |n one sense they could be readlly examlned wlthout much cost. The
flats were long known as an Important wlldfow) breeding area2 and USFWS carrled out censuses of
breeding wildfowl over a long perlcd. Theoretlcally, general drylng of the area should have
led to both an Increase In waterfowl breeding numbers and In the proportlion of shallow water
'dabbling' ducks In the total. The data could be examined for this.
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Table D=1, Some Blirds Seen Durling Second Minto Flats Fleld Trip,

September 1977,
dpecies
Trumpeter & WhlsTlIng Swans
Lesser Canada Goose
Mal lard
Pintall
Baldpate
Greenwing Teal
Shoveler
Scaup, Sp.
Buffjehead
Bald Eagle
Marsh Hawk
Ruffed Grouse
Short eared Owl
Raven

Gray Jay

Indication of Numbers

ca 150

ca 600

over 1,000
some hundreds
fow

some tens
very few

fow

1

2 (adult palr)
1 ('Rln§+ail')
3

2

some tens

saveral

Medlum and small passerines were not specially noted but late migrants Included a part of water
plplts and bank swallow; the latter an exceptionally tate Alaskan date (Gabrlelson & Lincoln,
1959, 'Blrds of Alaska'),
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Appendix E

Octobar 14, 1977, Dennls L. Ward to Ernast N. Wolff

As per your request of October 13, 1977, | am respectfully submltting a brlef summary of our
progress on the MIRL study. :

A fleld survey was conducted on Septembec 7 and 8, 1977, of the Crocked Creek drainage. During
thls survey we col lected physlcal, chemical and blologlcal samples from four (4) locatlions
between Central and the confluence of Mastadon and Porcuplne creeks. Laboratory analyses have
been compieted on the majorlty ot samples collected. In summary, the benthlc samples contained
most genera commonly associated wlth Interlor Alaska streams. Four species of flsh were caught
Including grayilng, round whltetish, slimy sculpla, and long nose sucker. Young-of-the-year,
one and two year old grayllIng werse caught. The female Cottus was preparing to spawn.

A second survey was conducted of the MInto Flats area on October 2 and 3, 1977. Water samples
were collected from seiected areas.

Upon completion of analyses a flnal report wl(| be submitted which wlll present our flndings.

Environmental Services, Ltd., Dennis L. Ward, Assoclate, Aquatic Blologlst.

December 19, 1977, Dennls Ward to Ernest N. Wolff

As per your request | have completed the repart whlch Includes data collected on our fleld
Investigatlons of Crooked Creek and Tolovana dralnages durlag the 1977 fleld season,

Environmental Services, Ltd., Dennls L, Ward, Assoclate, Aquatic Blology

INTRODUCTORY The Mlneral Industry Research Laboratory (MIRL) has recelved a grant from the
U.S. Bureau of Mines to provide a prellmlnary assessmant of etfects of placer alning on .selec-
ted Alaskan environments including the Croocked Creek and Tolovana dralnages. As a portlion of
this program, Environmental Services, Ltd. has been subcontracted to collect a llmlted amount
of baselIne deta on flsherles wlthln both ot the study areas. The flshery surveys consl|sted of
approximately four fleld days and basic I(fe history Informatlon generated from col lacted
specimens. Other data were collected and Included benthlc macrolavertebrate and water quallty
samples. The results of thls Investigation are presanted and discussed ia the followlng
report,

OBJECTIVES

1. To determine baslc flshery distribution within +he study area.

2. To assess general benthlc Invertebrate dlstribution within the study area.

METHODOLOGY All methods used {n this study were standard or approved techalques for coflec-
tion and laboratory analyses of raw data. Alil methods used in water gquallty data colletlon and
analyses are approved by EPA and are In accordance with Standard Methods for the Examlnatlon of
Water and Wastewater (14th edltion).

Elsh

A. Flshery Collectlon

All flsh were collected w!th a standard 12 foot, 1/4 Inch mesh selne. Captured flsh were
olther released allve or kept for detalled l|aboratory analysis,
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B, Laboratory Analysis

Detal led examinatlion of flsh samples Included determlnations of fork length (t+ip of snout
to fork In tall), total welght, sex and maturlty. Flsh classified as mature wers those which
would spawn in the coming season or show signs of previous spawning (l.e. retalned eggs or
irregularly shaped gonads). Fish which would not spawn In the comling spawnling season and
showed no signs of previous spawnlng were called Immature or juvenlile, The condltion of mature
gonads would be classlfied as elther rlpe (sexual products could be expressed by gentle pres-
sure on the abdomen) or green (sexual products could not be expressad by pressure),

Scales and otoflths were taken and used for age determinations. Otoliths were stored In
100 percent glycerine and will be read under a dlssecting mlcroscope. Age determinations wifl
be made foliowing simllar techniques used by Nordeng (1971). Valldation of the flrst annulus
can be made by direct comparison of oto((ths from young-of~the-year to otoliths from [ncreas-
Ingly larger flsh collected In the same study area.

Stomach contents were Ident)fled and recorded to Order.

Yater Quallty
A. Laboratory Analysls

Turbldity values were measured utlllzlng an EPA approved HF Turbldimeter., Suspended
sediments were analyzed by the non-fllterabte residue technlque and reported as mg/f.

Benthlc Invertebrates

A. Benthlc samples were collected with a 1-square foot surber sampler. Approximately 3 t+2
were sampled. Samples were not quantifled due to the nature of the substrate, and flood water
present durlng the time of sampling. Samples were preserved In 1084 formal in solutlon and
transported to the laboratory for analysls.

RESULTS AND DISCUSSION
A. Crooked Creek Dralnage

The Crooked Creek dralnage had two actlve mines on [t during the 1976 and 1977 season. One of
the mines was |located on Mastadon Creek and the other on Porcupline Creek (flgure 1). Both
mines amployed settling ponds and both used mechanically loaded slulce boxes. During the flald
visit of September 7 and 8, 1977, both mlnes were sluicing Intermittently, and both had been
operating throughout the summer,

Four sltes were sampied durlng the two day fleld trip (figure 1). The flrst was 75 yards above
the hlghway bridge at Central; the second slte was on Crooked Creek, 50 yards above the con-
fluence wlth Boulder Creek; the third was on Crooked Creek, 50 yards above the confluence with
Bedrock Creek; and the fourth was 200 yards below the Mammoth Creek Brldge. Data collected at
all four sltes Included suspended sollds, turbidlty, benthic Invertebrates, and flsh.

Turbldity and suspended sollds were as low as 30 NTU and 14 mg/| respectivaly at the downstream
most sltes (statlons | and 2), and as high as 45 NTU and 207 mg/) at the upstream sltes (Table
1). Mud and si{t deposl|ts were not present at sites | and 2 but were observed at sltas 3 and
4.

Preliminary examlnation of benthlc samples Indicate, generally, that six orders of Insects were
present at each slte during the samplling period (Tabte 2). These orders Included Trichoptera,
Ephemsroptera, Plecoptera, Amphlpoda, Arachnida, and DIptera. Exceptlons to this were the
absence of Trichopterans In statlon #2 sample, and the absence of Plecopterans In the station
#3 sample. Exuvlae were found at all stations but were most abundant at statfons 1 and 3.

Four specles of flsh were caught by selne In the study area and Including graylling (Thymallus
arctlicus), long nose sucker (Catostomus catostomus), slimy sculpln (Cottus cognatus), and round
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Plate E-1:

lLocation of Sampling Sites During the Szzzex
7-8, 1977, Field Trip, Crooked Creek, ilzsita.
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whiteflsh (Brosoplum gyllndraceum) (Table !1). Grayllng were caught at all four statlons, long
nose sucker and slimy sculpin at statlon 1 and round whitetlsh were captured at statlon 4.

Juvenlle grayling were found at statlons 1 and 2 whereas numerous fry were found at all four
stations. The presence and abundance of fry throughout the drainage, and especlally in the
upper reaches, supports that grayling successfully spawned In Crooked Creek during the 1977
spawnlng season, The female cottus was green and preparing to spawn In the comling season. The
round whitetlsh was also greening up for the fall spawnlng season. Scales and otollths were
collectad from ail laboratory sampfes for future aging.

Nine #lsh stomachs were examined and found Yo be 20-90% full. Stomach contents were ldent]fled
and Included Plecopteran (Perlod)dae) and parts, Coleopterans, Trichopterans, Tlipulld and
Chironomid larvae, Empldidae, and Amphipods (Table 3). Most of these were probably ingested by
sight feeding. Although one of the Juvenile graylling had Injested small parftlcles of sand (1-
3mm), the other stomachs examined contalned no vislble sand or gravel particles. None of the
flsh were heavl |y psrasitlized.

B. Tolovana Dralnage

Data col lected on the Tolovana dralnage wlll not be analyzed untll further fleld Investigations
are conducted In the Spring of 1978,

TABLE E=1: Water Quallty and Fish Data Collected from Crooked Creek, Alaska,
September 7-8, 1977

9/1/77 9/1/77 5/8/77 9/8/717

MWater Quallty Parameters Statlon 1 Statlan 2 Statlon 3 Station 4
Tﬁrbldlfy, NTU 35 30 40 45
Suspended Sollds, mg/l 17 14 ' 128 207
Elsh Species
Grayling

fry (less than 1 year) X X X X

Juvenlle (1 year +) X X
Stimy Sculpln X
Long Nose Sucker X
Round Whiteflsh X
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TABLE E~2: Benthlc Invertebrates Collected In 3 ffz wlth a Surber Sampler, Crooked Creek
Alaska, September 7-8, 1977. Samples not quantlfled.

Organlsms Statlon | Station 2 Statlon 3 Statlon 4

Trlchoptera X
Larva X
¥Wlth Cases X

Ephemeroptera
Heptagen|dae
Siphlonurldae
Baetidae
Exuviae
Ephemerel | Idee {(Ephemare]la)
Other

b 4 9 4

> X
>
>

Ptecoptera
Perlodl dae
Nemour 1 dae X
Exuyv]ae
Perlodldae X
Other X X X

Amph{poda X X X

Arachnlda
Hydracarina X X X X

Diptera
Adult X
Chlronoml dae
Pupae . X
Exuvlae
Larvae X
Exuviae
Pupae X
Empld]dee X X
Exuvlae X

>x > >
> > X x

>

" Homoptera
Exuvlae X

TABLE E=3: Food Items [dentifled from Flsh Stomachs from Croocked Creek, -
Alaska, September 7-8, 1977.

Composite Samples

Plecoptera, Perlodldae and Par+§ Coleoptera Parts
Trichoptera, Head, 2 Casses, 1 Partlal Case Tlpulidee Larvas
Empldldae Larvag Chlronomldae Larvae
Middle Part of Eyeball from Fish Amphlpoda
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