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INCH-POUND UNITS AND ST UHITS EQUIVALERNTS

SI, International Systein of Units, is a modernized melric system
of measurement. A1l values have been rounded to four significant

digits. Note that the style "nmeter?" rather ihan

square meter" has

been used for convenience in finding units in this table. Where the
units are spelled out in the text, Survey style is to use "square meter".

Multiply Inch-pound unit
Length

inch (in.)

foot (ft)

mile (mi)

Area

foot? (ft2)
acre

Volume
gallon (gal)

Yolume
per unit time (flow)

foot? per second (Ft?/s)
gallon per minute (gal/min)

Hydrologic properties
Transmissivity

foot? per day (ft2/d)
Unit runoff or recharge

gallon per year per acre
{(gal/yr)/acre]

dydraulic conauctivity
foot per day (ft/d)
Sradiant

foot per wile (ft/mi)

by

25.40
0.3048
.609

—_—

.09290
L4047

o O

3./85

02832
. 06309

oo

0.0%9290

1.532

0.3048

0.1594

vi

to obtain SI unit equivalent
Length,

millimeter (mm)

meter (i)

kilowmeter (km)

Area

meter? (m?)
hectare (ha)

Volume
Yiter (L)

Voluwe
per unit time (flow)

meter3 per second {m3)s)
Titer ser second (L/s)

Hydrologic_properties
Transmissivity

meter? per day (m?2/d)
Unit runoff or recharge

liter ger year per hectare
[(L/yr)/hal

Hydraulic conductivity
meter per day (m/d)
Gradient

meter per kilometer (m/km)



HYDROLOGIC INFORMATION FOR LAMD-USE PLANNING
FAIRBANKS VICINITY, ALASKA

NONTECHNICAL SUMMARY

Eielson Air Force Base, Fort Wainwright, and the cities of North
Pole and Fairbanks are on the flood plain of the Chena and Tanana Rivers.
The flood-piain area has abundant water resources in the rivers and an
alluvial aquifer.

The rolling hills to the north of the flood plain are underlain by
bedrock. A layer of wind-blown silt overlies bedrock in many areas. The
thickness of the silt layer on any hill increases in a downslope direction.
Over the entire area, the sill cover is thinner to the north.

Permafrost, which s a barrier to ground-water movement, underlies
most north-facing slopes and lower parts of south-facing slopes, and
occurs sporadically throughout the rest of the uplands and the flood
plains. Well-drained south-facing slopes are gencrally free of perinafrost.

Most of the 11.22 inches per year (in./yr) of precipitation {rain
and snow) which falls on Fairbanks either runs off as surface flow ar is
lost to the atmasphere by evaparation or the activity of vegetation.
Only a small fraction infiltrates to the water table. From 1972-76
when this study was made, precipitation was about 26 percent less than
the long-term average.

During the summer the Tanana River is fed by rainfall and by meltwater
from glaciers and snowfields in the Alaska Rangc. The cooler weather
which often accompanies heavy rains decreases the rate of melting; hot
weather during periods of no rain increases the rate of melting. Thus
the two sources compensate each other. The year's maximum discharge
usually occurs in July, and 3ts minimum occurs during late winter when
the river is fed by ground water and glacial meltwater.

The Chena River receives water from spring snowmelt, rainfall, and
ground water. It commonly has two periods of high discharge each year.
The first is caused by spring snowmelt and the second is caused by Tlate
sumpler rainstorms.

Flooding on both rivers will be controlled by the Chena lakes Flood
Control Project being constructed by the U.S.Army Corps of Fnginecrs.
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This project consists of a dam across the Chena River northeast of fiorth
Pole, a levee along the north bank of the Tanana River, and three drainage
ditches north of the levee.

Most ground water in the aquifer under the flood plain flaws north-
westerly. The Tanana River is the major source of recharge to the aquifer;
the Chena River and direct infiltration of precipitation way seasonally
contribute some water to the aquifer. At most times the aguifer Joses
water to the Chena River downstream of the Chena Lakes Dam., Large 3up-
plies of ground water (many millions of gallons per day) can be pioduced
from the alluvial aguifer. Neavily pumped wells (such as wmunicipal-sup-
ply wells or industrial-use wells) and construction-site dewatering
may cause ground-water levels to drop below pump intakes in some shallow
wells. However, the capacity of decper wells should be Vittle dininished.

Poor drainage conditions caused by high ground-water levels may
occur near the rivers during periods of sustained high discharge.
Ground-water seepage has damaged homes and commercial buildings near the
Chena River. High ground-water levels may occur during the winter along
Chena Slough and other channels which drain the aquifer.

Water from most sources on the flood plain requires treatment to
make it potable. Ground water may require treatment for bacteria, iron,
manganese, or odor. Some high-quality ground water reguiring no treat-
rent may be available where the aquifer is oxygenated, generally near a
source of recharoe.

The entire flood plain area is highly susceptible to pollution by
septic-tank effluent discharged to seepage pits emplaced within 4 feet (ft)
of the water table. If scepage pits are cmplaced in perrafrost, raw
seviage may flow to the land surface. In most arcas on the flood plain,
wells censtructed north, northwest, or west of sources of pollutants
(such as seepage pits) will be more susceptible to pollution than those
constructed in other directicns from these sources.

Ground water from the bedrock gquifer is the principal source of
water for domestic consumption in the hills north of the flood plain
(the uplands). The depth to water and the yields of wells in the bedrock
are highly variable over short distances (on the order of a few hundred
feet). However, tihcre appzar to be few sites in which a well cannot
obtain an adequate domestic supply from the bedrock.

Water enters the bedrock aquifer by divect infiltration of precipi-
tation and snownelt and lcaves 1t as subsurface flew and as flow from
springs on the lower slzpes of the hills. Spring dischirge has been
measuved for many of the drainage basins in the Fairbanks area. This
amount of water is also a minimum estimate of aquifer recharge in a
basin. The annual outflow of ground water from these springs is 8,000-
16,000 gallons per acre for b2sins south of foldstrcam and Engineer
Cren's. Basins at hichior allitsdes Lo fhe rurth 2nd cost of these



creeks yield larger quantities of growid weter as springflos {as much as
100,000 gallons per acre for Ceribay Creck during 18/72).

Most of the water pumped from wells is used and then returned to
the ground via septic tanks and seepage pits. Only that part of pumpage
that is evaporated or runs off as streamflow actually decreases the
quantity of ground waler in the aquifer. The difference betwzen pumpage
and water rcturncd to the aquifer is the net pumpage, and it 3s this
guantity which diminmishes the viater stored in the aquifer; the water
table will be lowered regardless of whether net pumpage is less or more
than actual recharge. OQOver & period of years a pumpage-induced decline
in water levels may cause & reduction in springflow on the lower hills.
If net pumpage excoeds the springflow for many yesars, springs may become
dry. This may cause changes in natural vegetation and wildlife habitat
in the valley bottoms. Reduction of springflow and reduction of ‘yields
to wells might become most pronounced when the drawdowns are superimposecd
on a period of naturally declining water Tevels. Net pumpage may also
be increased by water waste. Plugged secpage pits cause water waste by
allowing effluent to flow to the land surface where it runs off or is
evaporated and transpired. Unchecked flowing artesian walls pay cause
very large water wastage.

The anount of precipitation which recharges the aquifer may he
increased by diverting runoff into dry wells or by catchments which hold
spring snowmelt until the ground Lhaws enough to peridt infiltration.

Most wells in the uplands yield water of suitable quality for
drinking. However, wells that yield water polluted by arsenic and nitrate
occur sporadically throughout the uplands. A map by Johnson and otheors,
approved for publication, shows locations of many of these wells.
Deperding on personal preferences, some homeoviners may find that their
wells yield water that contains objectionable concentrations of iron and
manganese or is excessively hard or has an objeclionable odor. No wells
in the uplands are known to be polluted by bacteria froum septic-tank
effluent. The generally great depth to the water table (several tens of
feet or more) and good filtering capacities of the silt and some types

of decomposed bedrock cause the area to have low pollution susceptibility.
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GLOSSARY
Alluvial - Consisting of silt, sand, and gravel dcposited by rivers.

Aquifer - A mass of carth material that yields ground water to wells or
springs.

Artesian well - Well in which the water level is above the top of the
aquifer.

Bedrock - Solid rock underlying unconsolidated surface aterial (as soil).

Bomestic supply - A wster supply for a home; 5-15 qallons per minute is
considered adequate.

Drawdown - The decline in ground-water leavels caused by pumping water
from wells.

Dry wells - Pits filled with coarse material; runoff (as from a roof)
drains into the dry well and then seeps into the ground.

Discharge - The rate at which water is flowing past any given Cross
section of a river; usually expressed in cubic feet per second.

Flood plain - A nearly flat, valley botlom along the course of a stream.

Ground water - Water contained in earth materials (below land surface).

Hydrzulic conductivity - A i.zasure of the abilily of carth materials to
conduct natural water (usually expressed as feet per day).

Permafrost - Perennially frozen ground.

Potable - Being of acceptsble quality for human consumption.

Seepage pit - A pit into vhich septic-tank effluent is discharged;
The effluent sceps from the pit into the ground.

Septic tank - A tank which allows the solids to scttle cut of scwage
and in ahich bactemial aclion nmay nelp Yrezk down the =01ids.

Transmissivity - A mcasure of the capacity of an aquifer to transmit
ground water (usually expressed as foot? per day).

Water table - The top of the water-saturated raterials, defined by water
lavals in wells.

\1e1d - The guantity of water which can be produced from a well; it is
dependont solely on the well and not on the size of the pump.
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INTRODUCT TON

This report conteins hydrolegic inforastion thet may be of general
interest to private incustry, governuznt aganciez, and residents of the
Fairbanks area and that is not readily available from other sources. The

emphasis is on those aspects of hydrology that relate to land use planning.

Maps illustrating geology, permafrost distribution, foundation conditions,
and construction materials have recantly been published (Péws and Gell,
1975 a-s Pewe and others, 1976 a-c), and a mep i1lustrating and discussing
water quality is approved for publication (Johnson and others, approved

for publication). Discussion of these topics in this report is superficial

and is intended only for emphasis or to provide general information
which will aid in understanding other aspects of the text.

The cities of Fatrvanks ernd North Pole and wuch of the present
residential and comaercial devalopznt are on the flood plains of the
Tanana and Chena Rivers (fig. 1). Havever, a large part of the residen-
tial development and concemitent usage of ground water is occurring in
the uplands. Because the flond plain and uplands are hydrologically and
physiographically distinct, tiv. problens related to developiient in one
differ significantly froi tho-v in the othev.

This report is part of a continuing coouperative water-resources
investigation between the Fairbanks North Star Borough and the U.S.
Geoleogical Survey. The program also received suoport from the U.S.
Environrmiental Protection Agency during fiscal year 1977, and some of the
data on flood-plain hydrology was obtained under an agreemcnt between
the U.S. Geological Survey and the U.S. Army Corps of Engineers. The
author thanks Fairbanks-area well drillers, consultants, residents, and
colleagues at the University of Alaska, all of whom provided much valuable
information.

SETTING

Physiography and geology.

The flood plain slopes gently to the west or northwest at about 5
feel per mile (fi/mi). A maximum relief of about 200 ft is provided by
Brown's Hill near Badger Road (fig. 1). In the uplands north of the
flood plain, some hills reach altitudes greater than 1,500 ft. Some
terms which describe physiographic and geologic features of the uplands
are itlustrated in figure 2. The ridgetop 15 the zons in waich a silt
cover s largely abseat, although as much as 2 ft of silt may exist in
small depressions and near tha bouniaries betwzen the ridgcton and
adjacent zones. North-facing slopes and valley bottoms may be underlain -
by many tens of feet of peruanantly frozen silt. The south-facing
slopes are subdivided into a lower south slope and an upper south slope.
The lovizr south slope is that part of the hills formed by fluvial redepo-
sition of sill frow higher elevations. It is comronly underiain by many
tens of feet of permanently frozzn silt. The upper south slope is
undaerlein by eclian silt thet 1s nol perwiansntly frozen in most places.
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Bedrock under the Fairbanks area is predominantly a metamorphosed
marine mud deposit, termad 3 pelitic schist. \Uheore the formar mud
grades into whel were liay nud, calciun-cartionete deposits or quartz
sands, metamorphosis has resulted in calc-mica <ch1st, marble, or quart-
zite, respectively. PEéwe and others (1976) therefore describe bedrock
as "a metamorphic complex composed predominantly of pelitic schist and
micaceous quartzite with subordinate calc-mica schist, amphibolite, and
marble.” The schist is locally intruded by granitic rocks (peimarily
granite and quartz diorite). Basalt occurs in scattered outcrops east
of Fort Wainuright.

The capacity of the various types of bedrock to store and transmit
water may vary significantly over distances of only a few fect. Materials
sampled by drilling and coring in bedrock in the Fairbanks vicinity have
ranged from clay (p?Obe1y formed of decomposed schist) having an
estimated hydraulic conductivity of less than 107" feet per day (ft/d)
to heavily fracturcd quartzite having an estimated hydraulic conductivity
of more than 1,000 ft/d.

In the uplands, bedrock is canconly overlain on the upper slopes by
windblown (eolian) silt, or locss, and on the lower slopes by silt which
has been reworked by running water and soil creep. In the creck valley
bottoms, coarse gravel lies on bedrock and is, in turn, covered by
reviorked silt.

The loess was derived from the glacial outwash of the Tanana River
to the south. As the winds carried the silt nortiward, the quantity of
silt falling from suspension decreased with 1ncreas1ng distance from the
source. The ridge system ovarlooking Farmer's Loop Road thorefore has a
thicker silt cover than the hills on the north side of the valley of
Goldstream Creek. Still fartner to the north, the hills overlooking the
Chatanika River have little silt.

Reviorked silt attains its maximum thickness on the lowzr slopes and
creek valley bottoms. Along the lower flanks of the first ridge system
north of the flood plain, this meximum thickness may commonly be more
than 100 ft. Reworked loess, locally called muck, is, in nmost areas,
pereanially frozen and comrionly has a high ice content.

Hydraulic conductivity of thawed silt in the uplands varies, but is
uniformly too low to yield significant quantities of water to wells.
However, in most areas the vertical hydroulic conductivity of the silt
is adequate to allow downward percolation of precipitation and to permit
the proper functioning of on-s5ite sewage-disposal systems.
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Unconsolidated alluvium deposited by the Chena and Tenana Rivers
underties the flood plain.  The maximum thickness of alluvium neretrated
by a drill is 616 ft at the Chena River dam site (fig. 1) (Carl Chandler,
1976, oral commun.), although Barnes (1961) reported a scismically
deterinined thickness of 800 ft at a site 2 miles (i) south of Fairbanks.
At Fort Wainwright (fig. 1), numerous wells drilled to depths es great
as 326 ft failed to rcach bedrock (Feulner, 1561).

Permafrost

The Fa1|banks area is underlain by discontinuous permafrost {porennially
frozen ground). Maps by Pewl and Bell (1974, 19754, h, 1, p) show the
distribution of permafrost in the study area.

In the uplands, pernafrost is common on north-facing slopes and in
the valley hottoms; south- and west-facing slopes are wore likely to be
free of permafrost. Where permafrost occurs in the bzdrock, it normally
has a low ice content, ¢nd the land surface is not disiupted when welting
occurs. Silt - especially that which has been fluvially redeposited in

the valley bottoms - commonly has a high ice contenat. When this permafrost

melts, the land surface and near-surface wmaterials can be disrupted
enough to destroy foundaticns, roads, sewer and water lines, and leach
fields.

Permafrost is virtually impervious. However, significant quantities
of water may flow upward through thawed conduits in otherwise extensive
area of permafrost. Thawed corduits are commonly evident at the land
surface as springs and springfed ponds and lakes.

Permafrost underlies wuch of the flood plain. In ganzral, however,
frozen sand and gravel lends to have low ice content, and melting of
such malerials does not result in significant disyvuption of the land
surface. Slough and swale deposits, which fill old channel scars and
topographic depressions, consist of organic-vich silt and wmay have high
ice content. These can be avoided for most construction purposes because
they are of small areal ~xtent, and r2location to a more favorable
setting is generally rossible.

The presence or absence of pecnafrost on the flood plain has a
significant effect on the costs of installing and maintaining a well.
In arcas free of permafrost, dowestic wells are conmonly less than 30 ft
deep, &nd nany are driven welils constlrucied by the io.2ouner at modest
expznse. In arees underlain by peruzivost, wells cotienly sust be dirilled
many tens of feet to rcach thawed alluvium. Not only is the original
construction cost greater in pennafrost arcas, but keezping wells thawed
also increases maintenance costs.
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Precipitation

In the vicinity ¢f fairbarks, the National Wezather Sarvice meintains
data-collection stations al the Coliege Magnetic Observalory, Fairbanks
International Airport, Gilmore Creek tracking station, City of North
Pole, and the University of Alaska experimental station (fig. 1). The
averaga precipitation at these stations for the 10-ycar period from
1963 and 1977 is:

College Maanetic Observatory: 10.84 1in.
Fairbanks Internaticnal Airport: 9.70 in.
Gilmore Creek: 15.17 1in.
North Pole: 10.46 1in.

University of Alaska experimcintal station: 10.74 1in.

The mean annual precipitation at the Fairbanks International Airport
and the University of Alaska Experimental Station is 11.22 inches (in.)
and 12.90 in., respectively. About 60 purcent falls as rain and the
remainder as snow. Streamflow det: for the Chena River at Fairbanks
since 1948 indicate the annual runafi for the Cheana basin is 10.02
inches per year (in./yr). Using an estingte of 6 in./yr for the basin-
wide average evgpoltranspiration, tnis corresponds to an averayd precipitation
of about 16 in./yr for the entire Chena River basin.

Ground water in the uplands is recharged by local precipitation,
and most of the ground-water data in this report were collected between
1972 and 1976. A comparison of precipitation records for four of the
Fairbanks-vicinity wezther stations for the five years 1972-1976 and the
previous five years 1967-1971 shows the period 1972-1976 to be significantly
drier than 1967-1971.

1967-1971 1872-1976  Normal*

College Magnetic Observatory 13.88 9.76 -
Fairbanks International Airport 12.08 8.32 11.22
Gilmore Creek 16.04 14.75 —
University of Alaska 13.87 9.21 12.90

*Climatological normals based on the pcriod 1941-1970 (National
Dceanic and Atmospheric Administration, Natjonal Climatic Center,
1977).

According to the airport data, precipitation during the period
1972-1976 was 26 percent below noemal, and 31 percent below that of the
preceeding S-ycar period. The net deficiency of precipitation at the
Fairbanks Airport from 1972-1976 is illustrated in figure 3.
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Evepotranspiration

Evaporation and transpiration, collectively termed evapotranspiration,
are difficult to quantify. Evaporation is the loss of water directly to
the atmosphere from open bodies of weter and moist soils. Transpirvation
is the release of water to the atmosphere by plants through their lecaves.
The quantity of water transpired depends on the type of vegetation,
tempecature, humidity, aveileble soil moisture, and precipitalion.

Evapotranspiration has usually been determined as the difference
between precipitation and runoff. The calculation thus relies on the
assumption that there is no chasge in ground- or surface-wiater storage.
Dingman (1973) reviewed vizter-budget studies for Alaska and reported
estimates of evapotranspiration ranging from 40 to 78 percent of precipi-
tation. Thus the range of probable evapotranspiration values for the
study area is 4.5-9 in./yr. Frow his own research,Dingmsn{1971) estimated
that 6 in. of water are lost annuzlly to evapotranspiration in a small
watershed near Fox, Alaska (fig. 1).

Waste disposel

The cities of Fairbanks and Norinh Pole and the military bases
(Eielson Air Force Base and Fort Wainwright) have public seworage systems.
Most other areas are served by on-site systems consisting of a septic
tank and soil absorption system (secpage pit or leach field).

State regulations require that on-site sewage-disposal systems
consist of a septic tank or package plant and a soil absorption system.
In a septic tank, solids and )iquids are detained so that biological
processes can decompese the mixture. A residual liquid then overflows
to the seepage pit where it infiltrates into the carth materials.
Cessponls that consist of & sincle porous-walled ¢rib with no septic
tank are illegal under Alaska statutes.

In recognition of the potential for grounc-water pollution from
sewage-disposal systems, the State of Alaska has established regulations
requiring wells to be located not less than 50 ft from a septic tank
nor less than 100 ft from a secpagn pit. The Aleska Dcpartwmant of
Environmental Conservation also may require a devcloper to obtain
percolation tests wich messure, in place, the absorptive capacity of
soils.

Septic-tank effiuent has a high pollution potential becausc many
chenicals and most detergants and viruscs are not decomposed or removed
in the septic tank. After the efflueat flows from the seepage pit into
the earth materials, the chentical and biological constituents are depleted
or changed through chemical and pnysical interactions with the subsurface
environinent. Reduction in concentration of pollutants in the effluent
is principally caused by priysical sovption and by dilution. Under certain

13

PO




.Nﬁm%ﬂ_ﬂ‘I’uA

conditions, decontamination of the waste water may not be comnlete before
the effluent reaches the shallow aquifers or water wells (Schneider, 1970).
Additional natural changes in the character of effluent frcm septic tanks
depend on the reactivity of shallow subsurface waterials at prevailing
temperatures and the rate of effluent movement in these materials,

Attenuation of pollutants in sepiic-tank effluent increases with
the time of travel through surface materials. In the saturated 7nne
(below the watcr table), the rate of travel depends on the ground-water
gradient and the hydraulic conductivity of the materials. In the
unsaturated zone {the 2one above the water table) travel time depends on
the hydraulic conductivity of materials cnd the depth to the water
table. Absorption and bioloyical sction are more effective in attenuating
poliutants in the unsaturated zone than in the saturated zone. Also in
the unsaturated zone, much of the effluent is absorbed by earth materials
and dispersed by capiilary forces in order to satisfy moisture deficiencies
in surface sediments. In order Lo insure that effluent is exposed to
aavobic degradation before it reaches the water table, state regulations
prohibit the installation of a soil absorption system that discharges
effluent closer than 4 ft to the water table "as measured during the
season of the yeay with maximum water table elevation.” State regulations
also prohibit the installation of a soil absorption system in permafrost
(State of Alaska, 1973, Title 18, Environisental Conservation, chap. 72,
Mastewater Disposal).

F1 00D-PLAIN HYDR0OLOGY
Surface water
Tanana River

The Tanana River derives approximately 85 percent of 1ts annual
discharge from the Alaska Range and 15 percent from the Yukon-Tanana
uplands (Anderson, 1970). Because a large part of its streamflow is
from melting snow and ice in the mountains, an increase in temperature
ceuses increased discharge (fig. 4). High flow in the Tanana River at
Fairbanks usually occurs curing hot, dary weather when snowielt in the
mountains reaches a maximum. Rainy weather in the basin is usually
accompanied by Tower temperatures and a dacrease in the rate of snownelt
in the mountains., An incrcase in the rainfall component of streamflow
is often offset by a decrizse in the snowselt cowzonent.

Snow and ice in the Alaska Range act as reservoirs, storing water
during years of abundant precipitation and releasing it during warm, dry
years. During prolonged pericds of below-normal precipitation, discharge
of the Tanana River may remain normal because snowmelt compensates for
lack of precipitation.
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Maximum flow in the fanana River usuyally occurs in July, and ihe
minimum flow occurs in late winter. Hean-daily discharge of the Tarnana
River at Fairbanks has ranged from 5,000 cubic feet per szcend (ft}/s)
to 68,000 ft3/s since 1973 when the gaging station was established.
Average discharge is about 20,000 ft3/s.

Flood-frequency curves depict the frequency with which a single
flood cvent will excoed a qiven discharge on the long-Lterm average.
Thus a 10-year flood can be expected to be equalled or exceeded on the
average of once every 10 years. Figure 5 illustrates the flood-frequency
curves for the Tanana River at lienana and the Chena River at Fairbanks.
(The lenana record is usced rather than the Tanana River at Fairbanks
because the period of record is too brief at the latter site fo depict a
reliable curve). The 1967 flood peaks exceeded the veliable parts of
botlh curves.

An additional flood hazard is not represented by Llhese curves.
Because Tlood-fraquency curves are hased on discharge, they do not pre-
sent a probability of flooding caused by ice jams. Such floods are
caused by constriction of the channel and thus may occur at moderate
discharges.

Chena River

The Chena River usually has two periods of high discharge each
year, in May and August, owing to spring runoff and to rainstorms,

respectively. Since 1948 whizan a continuous record of discharge hegan,
the maximum racovded flow was 74,400 tY/s on August 15, 1967, and the
minieun was 120 ft¥/s. The lalter occurred during late winter of 1953

and 1958. The aveeace dischacge 1s 1,493 fti/s.

The flood-frecuency curve for tne Chena River can be projected with
some confidence to the 50-year recurrence interval (fig. 5). However,
the Chena lakes dam is designed to divert flood waters around the
Fairbanks area; after 1ts copletieon, the flood-frequency curve will no
lorger pertain to the Lrolzcted irea.

Ground water

The part of the alluvial aquifer considered in this report is
beunded on the norih by Iadrack of the Yuxkon-Tanzna uplends and on the
south by Lne Tanana Rivar. In the flood-plain area, qround water is
generaily unconfined, tnat is, it is under water-iable conditions.
However, where the depth to the water table is less than the decpth of
annual frost penetration, froson cround way form a seasonal confining
layer. Permafrost also forws a discontinuovs confining layer.

Ground waler 1s rechacesed poindi 21 ly by infittration {rom the
Tanana River and, to a lesser extent, from the Chena River. At wost

16
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times, the water surface of the Tanana River is topogrzphically higher
than both the Chena River and its tributary, Chéra Slough (harceafter
collectively referred to as the Chona system). Yhen this occurs, the
aquifer is recharged by the Tanana River and drained by the Chena system.
Such conditions are illustrated in figuwre 6. The flow dircction, which
is generally in the dirvection of surface drainage, then has a component
from the Tanana River to the Chena system. The water %able also slopes
away from the Tapana River (fig. 7). When the Chcna River is high and
the Tanana River is low, 3 condition common during spring runoff each
year, both rivers may conlribute water to the aquifer, and the direction
of ground-water flow more closely corresponds to the direction of surface
drainage (fig. 8).

Before one can quaniitatively predict aquifer response to stress
conditions, such as those cansed by ncavy pumping, drainaye ditches, and
other artificial constraints to natural flow, the capacity of the
aquifer o store and transmit waler must be determined. These capaci-
ties, termed the storage coefficient ind transmissivity, vespectively,
are often estimated Trom pump tests. In the Fairbanks area, puinp tests
have proven incenclusive in accurately defining these values. lowever,
on the basis of pump tests at Fort Wainwright, Cederstrom (1963) estimated
the transmissivity in that area was "several hundred thousand callons
per day per foot." One test described by Feulmer (1961) illustrates the
prolific capacity of the zquifer. A well at Fort Yairaright was pumped
for 24 hours at 1,500 callons per minute (gal/min). During pumping, the
water level in the well declined only 9 ft, and it recovercd to static
Tevel 15 seconds after pumping ceased. In a similar test at Eielson Air
Force Base, the water level in a wall pumped for 24 hours at 1,500 gal/min
declined 26 ft and recovered to static level within 30 seconds after pumping
caased.  In beth these tests, the degndewn in the acuifer was less than
in tne wells, because the wells weire numped far beyond the capacity of
the screens to wransmit water from the aguifer. When Lhis occurs, a
significant part of the measurcd drawdown results from screen losses.

For designing the Chena Lakes Flood Control Project, the U.S. Army
Corps of Enginecrs (1974) estiiated the hydraulic conductivity of the
alluvium to be about 1,000 7t/d. For a 60C-ft-thick aquifer, Lhe approxi-
mate ieasured thickness at the Chena River dam site, this corresponds to
a transmissivity of 600,000 feet squared per day (ft/d).

Chena Lakes Flcod Control rroject,

The Chena Lakes Flood Control Project presently being construct-
ed by the Corps of Engineers, U.S.Army, will consist primarily of
an eartnfill dam across tha Chana River, a levee aleng the “orth bank
of the Tanani River, and soviral drairaje ditches inside the srotect-
ed arca (fig. 9). Under 1rost conditions, streamflow will not be

18
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ipp=Zad. However, when flood corditions occur on ths Chong Rivar, weier
will be te.ocrarily d=ieincd uvrti) the flood threet passes.  If Lhe
inpouadnent area is filled, watar will be diviriec thrcsgh a spilluzy

into the Tarana River. In order Lo provint the Terine Rivae from flooding
the protected area, a leviz will) bz cansiructzd along its north bank {rom
tha Chena River dan to the meuth of the Chena River and extending 2 mi
uestroam along the sonth bzrk of the Cheing River. QOreinzge ditches wilhin
the protected aves are dosigoed to intzreopl ground watlcr soceping under

y N

U

the dio znd levee end divert it to the Chane or Tun:"a Rivirs. Drainage
ditchas will be excavetad belew the prasent groind wz=icr teble, and
grouind waler seeping into the cheonnel will sustain flow Lnroushout the
year. In this respect thay will be similar to Chana Siough, which now
dreins ground water within a swuiiler area.

The strep water-table gradient betusen the Tarnane River and the
ditches will ceuse high pore prassuces in soils on the proiscted side of
the levoe. According to Cecergren (in Corps of tngxneurs, 1974),

Selic I untar Lhe Iavee can be exuecied Lo Cause SQops, pin bow]s, and

]

QUACR =N whavs pareibilities are high.
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£CLS OF hzza¥y pulifing
Significant rouification of the rztuyral grounc-witlce
purieing Trom wells in the elluviz) aqaﬁf;r hzs not béﬁﬁ dolected, A
well near thz Tort Weinweichl soathn pooir plant produos
gzllons in a 24-hour pui ping test.  The QIUHJ e proVWf%d in &én ohsarva-

tion well 204 ft awazy was less then 1 in. (Feulnzr, 1621). Ez¢3d on
pump tests at Cielson Alir Force Bese, Fort Yainurignt, and the soutn
Fairbinks arca, it appears that such negligible effects are typicel of
much of the flood plain.

modiTications to the natural grounc-water system causcd by heavy
purwing to deviater excavations have been slignt. Construction-site
dewztering usually does nol depress tnc water table more then sbout 10
ft, and the agquifer is cowconly nore than 300 ft thick. Deowatering
theretore does not decrease the saturetéd thickness of the aquifer by
more than a few percent. Bo_zuse the yicld to wells is in part related
to the thickness of saturated malerials, nost walls are rot significantly
affected by construction-site devetering unless the waler table falls
below the level of the pump inteke.

Fost drilled walls heve purp initzhes 20 ft or more below the water
teble and are eble to obtain adaguzie suppiies during dcwatering. Howsver,
rany domestic wells consist of sand points driven less than 7 ft into
the satureted materials. Dewatering may dry up some of these wells,
During the sumnsr and fall of 1976, for example, construction dewatering
along tha Chene River dem and spillwzy preduced a local deopression in
the w2ler teble In the arce of the spillwiy and the main borrow pit.
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The purping rate for dawatering reached a maxinum of 85,000 gallons per
minule {gal/wmin) from the spillway construction area and 40,000 gal/win
from the main borvow pit. Sowe horecwmers complained of malfunctioning
wells during this period.

Drginagglpggplems affecting development

Chcna Slough s similar to the proposed flood-control ditches in
both function and orientation. It is spproximataly parallel to, and
from 1 to 5 mi fiom, the Tanina River. It intercepts ground water
flowing northward from the Tanena River and diverts it to the Chena
River. Because the priicary source of its flow 1s ground vater, it flows
throughout the winter, whon thick cverflow ice, or aufeis, occurs in
some reaches. Acenording to records from the Alaska Department of Highways
(Millard Kahler, 1976, oral coiwmun.), the forwation of aufeis in Chena
Slough is accompanied by a rise in ground-water levels. The artificially
Tovered water table near Lhe proposed ditches may be subject to similar
seasonal fluctuations. Figure 10 illustrates the apparent wiechanism by
wnich this winter rise in water table occurs. During the sumaer, the
channel drains water from the ground, and the water lable slopes toward
the flowing strcam. During the winter, the channel is choked with ice
and is unable to effectively drain the ground water. As a result, the
vater table rises.

The propesed drainage ditches will cause a similar Tocal depression
of the water table during the swnser. Contractors or homeowners building
in the vicinity of Chena Slough or the drainage ditches may be unaware
that high water table conditions can occur during midwinter. As a
result, basements and other subsurface structures may be emplaced near
the summer water table. These nay be dxzged by ground-water seepage
during the winter. Soch doao-ge ras alrzedy cccurred along Chena Sloaugh
near Plack Road, wuhcre in cne case aufeis inundated the basciment during
the winter (cover photo).

The water table also fluctuates in response to charnges in stage of
the Chena and Tanana Rivers, These fluctuatiaons, which are commonly as
wach as 6 ft near the Chena River and 4 Tt rnear the Tanana River, are
aticnuated with increasing distance from the rivers. Subsurface structures
emplaced during periods of low water tables may experience seepage
during protongad periods of high stage in the vivers. Several commcrcial
buildaings in the central business district and in Graenl (fig. 1) have
cogarienced ground water scepage undare such conditions.  Such dsmage is
avoidable if building designs take into account the probable range of
w3ver-table fluctuations.
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Quality of water

Quality of water must be discussed in terms of the use for which
the waler is intended. For exawple, there may be no Timit prescribed
for the amount of silica in drinking water, yet even T miliigram per
Titer (mg/L) of silica is too much for feed water to high-pressure
boilers. As another example, the acceptable concentration of fecal
coliform bacteria ray Le much higher in water used for racreational
purposes (swimming and boating) than for drinking water. For most
properties or constitucnts, the most stringent requircients are for
drinking water, and it is in this context that the natural-waler charac-
teristics are discussed in the following parigraphs. Unless otherwise
specified, the term “"drinking water standards” refers to those defined
by the Enviromaental Protection Agency (EPA) (1975).

Surface water

The Tanana River contains hard water of calcium bicarbonate type.
In 26 samples collected at Mcrana, the <dissolved solids ranged from 76
to 180 milligrams per Jiter (ng/L). A1l chenical constituents except
mangansse and cadmium ware within LPA-vreconmended maximum Jevels for
dvinking water. lManganose concentrations were above the recammended
vaxicun of 0.05 wg/L in all six seémples analyzed for dissolved wmetals.
Four of the six s#iples contained lass than Llhe recommended maximum of
0.01 mg/L of di<solved cedmium; however, in two seéwiples, Lne cacdmium
contents were 0.14 and 0.32 ug/l, 1nore than 10 times the recommended
Timit for drinking water. £Ezc:iuse cadmiun 1s toxic and the Tanana River
15 the source of ground water noar Fairbanks, additional samples are
beirg collected and analyzed Tor cadaium.

Much of the suspinued sedinent in the Tarzna River consists of
glacial flour, which ig silt~ cnd clay-sized vock particles produced by
glacicrs. The suspendad-sedinent concentration relates to the rate of
glacial melting and is, therefare, highest during the suswer. During
the winter, when glacial welt is at a minimum, the river is clear;
during lhe suinser, the sediment content rises 1o 1iore than 1,000 wg/L.

Hater from the Chena River is also of calcium bicarbonate type. and
ranges in dissolved solids from 50 to 170 irg/L. As in the Tanana River, the
concentration of manganese is ganerally hioher than the maximum recomnended
level for drinking water. GOther constituents are within the EPA-recownended
Jimits. Suspengad-sedinent concentration increzses with stieamflow; the
raximum measured was 510 wg/L (August 14, 1967).

Ground vater.
Cround vater from the alluvial esquifer is of calcium bicarbonate

type. Hardness of tha 91 szoples vanged from 92 to €/0 wg/L. Mater from
most wells sampled on the fleod plain contains more dissolved iron and
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mangangss than the recommended limits for dvinking water of 0.3 mg/L ant
0.05 my/L, respectively. Coutz irzticn of wells by arssnic or nitrafte, a
moderately comaon problen in uplanas w2lls, is rare on the flood plain.
The highest concentration of arsenic detected in 10 samples from wells

on the flood plain is 0.025 mg/L, half the maximnum defined by the drinking
water standards. Of more than 100 samples analyzed for nitrate (Johnson
and others, approved for publication), oaly one contained more than the
recor-i=nded Vimit of 10 mig/l (reported as nitrogen).

Methane (swamp gas) and hydrogen sulfide {which has the odor of
rotton egys) are also noted in some wells. These products indicate an
anaerobic environment in yhich oxygen has been consured by decomposing
orgzniC matter. Undar thesae conditions dron is more s50luble, and baclteriai
action mey produce the methane and hydregon sulfice.  The noust desirable
water for drinking is found in sand and gravel depusits that have small
atwunts ol organic detritus and arc close to a source of recharge by
oxygenated surface water.

Envirommental considerctions of septic systenis

The following discussion of pollution susceptibility is based both
on local conditions and on studies conducted outside Alaskz. Statemonts
made are generalities for the entire flood-plain area and can hs used
as guidelires for area-wide planning. Local variations in genlogy
and hycdrology must be considered in planning systews for a spacific
site. The principal geohydrologic characteristics thet deierming the
effect of infiltrating pollutants on ground viater in the flood-plain
arca are depth to the water, distance to surface-water bodies, and
permeability and sorptive capacity of surficial materials.

On the flood plain, septic systeas with seepage pits arc commonly
constructed to discharge waste water at a depth of 10-12 ft in order to
avoid seasonally frozen gruund. VWhere the water table is closer than 15 ft
to the land surface during high water conditions, it is likely that many
septic systems will seasonally discharge effluent within 4 ft of the
water table, in violation of State of Alaska regulations, and the
probability of ground-water contaninzticon is high. Becauso there arc
few areas on the flood plain whzrce the depth to the watce table is
greater then 15 ft during high weter table condilions, the entire flood-
plain area must be regarded as highly susceptible to ground-water pollution
from septic-tank sytems.

Where the hydraulic contuctlivity of sediments is insufficient to
accepl the discharge of a septic systein, effluent may overflow the pit
and eventually rise to the surface. On the flood plain, most seepage
pits are situated in permeable sand and gravel that can adequately
accept the effluent from on-site systems. However, if seepage pits are
constructed in areas of shiallow permafeost, the imperieable frozen sgil
prevents the dispersion of efflucnl from the dischargs point. In this
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situalion, a health hazard may be caused by nearly raw scwage reaching
the land surface., State of Alaska requlations prohibit the aiplaccament
of scepage pits in permafrost.

Because the alluvium consists of lenses and discontinuous layers of
silt, sand, and gravel, secpage pits normally discharge to a variety of
materials. The coarsest of these will normally conduct rost of the
effluent from the pit., A hypothetical exawple (fig. 11) shows a secjage
pit discharging effluent to a saturated multilayered mzdium, The upper
and Tower layers ace silt. Hydraulic conductivities of these units are
so Tow that flow through thzin is negligible compared to the gravel and
fine sand. The fine-sand Jayer is 9 ft inick and has a hydraulic conduc-
tivity of ) ft/day. The gravel layer is 1 t thick and has a hycraulic
conouctivity of 1,000 ft/day. In this ezawple, although the fine sand
composes 90 pgercent of the parucable material, 99 percent of the effluent
will be transmitted through the gravel.

Concentration of flow in the coarse matcrials s significant for
several veasons., First, coarse aaterial 15 not as effective at filtering
solids and bacteria as is Tine material., Second, woarse material causes
less attenuation of pollutants by adsorption than does fine material.

And third, the rate at which pollutants travel through coarse material

is wuch greater than the overall ground-vater-flow rate. Again, the
hypothetical exzmple (7ig. 11) portrays the velative vates of travel in
the two layers. If a person injected a tracer into the Llank and then
abscrved the point-to-point distinces it travellied in any time interval,
he would observe that the distance traveled is nearly 1,000 times greater
in the gravel than in the sand.

The actual distance pollutants travel depends on the por051ty,
hydraulic conductivity, and ihe waler-ltable (YFOYFNt For the fluod-
plain area, ihe nornal yeadient 3s 5-10 (ft/mi) and the minimum allowable
snpacing between 3 private well and a secpage pit is 100 ft (State of
Alaska, 1973, Title 18, tnvivonmental Conservation, Chap. 72, Yastewater
Disposal). The time recuired for pollutants to travel 100 ft in materials
with an assumed porosity of 0.3 and various hydraulic conductivities (k)
151

Gradient = 0.00]1

raterial (5 feymi)
silty sand 3,000 years
(k = 0.01 7t/d)
gravelly sand 3,000 days
(k = 10 ft/d)
sarely gravel 370 days
(k = 'OO ff/d)

medium gravel 3 days
(k = 10,000 ft/d)
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Theoretical travel-time calculations, such as the above, are
useful in providing an order-of-magnitude coinparison of flew rates in
various materials. However, in the real world, pollutanis almost always
travel faster than the theoretical rates by following preferred nigh-
permeability paths through nonuniform sediments. Thus, small amounts of
pollutants may reach down-gradient wells far ahead of the theoretically
predicted times. If the gradients are steeper than the above values,
travel times will be further reduced. Along streems, rapid changes in
stream levels may tewporarily sicepen the gradient. Hcar wells, gridients
are also locally steepened during pumping. In either instance, the rate
at which poliutants travel through the ground is increased.

The notential for bacterial contamination of wells and surface
water can be evaluated on the basis of sacpage rates and bacterial
survival rates. The latter cdepend in part on the temperature of the
water. Fecal bacteria survive longer at 0-10°C than at higher temperatures.
In the Tanana River at 0°C, 3-5 percent of the fecal coliforms and 18-37
percent of enteroccoci survived after 7 days flow time (Gordon, 1973).
If survival is compareble in ground water, which is usually 0-2°C in the
Fairbanks area, one would cxpect that sufficient bacleria could remain
after 7 days flow time to cause contamination of dcwn-gradient wells.

At the gradicnt existing tiroughout most of the flood plain, effluent
will travel 100 ft in less than 7 days when materials have hydraulic
conductivity greater than about 4,200 ft/day. According to Cedergren
{1967), the hydraulic ceonductivity of gravel commonly ranges from about
1,000 to 100,000 7t/day. A study of bacterial pollution in well-sorted
gravel in California danonstrated that biological pollutants travelied
as far as 232 ft from their source (Franks, 1972).

Increasing the existing 100-ft separation requircment between
scuepage pits and aown-grediznt wells or stresms will incrcese trave)
time and thus tend to dr¢rrase the miebzbility of causing bacterial
contamination. However, efflucot is not likely to conitaninate wells
100 7t upgradient or across the gradient from sources of effluent. Requir-
inq areater separation in tnese directions would produce little benefit.
Pecause gradients, and therefore seepage rates, are greatest near streams
or hcavily pumped wells, yreatcr separation would grovide travel times
conparable 1o other arcas of the flood plain.

Both the flow directions and ragional gradients may be datermined
from water-table maps of the flcod plain (figs. 6 and 8). Such maps can
help a hamecwnar plan the location of his well so that it is upyradient
fron potential sources of pollutants. Thece way be, however, some local
variation in flow directions czused by flow Lo or from streans or by
flow to points of heavy pumping. Site-specific, large-scale water-table
maps are preferable to maps such as figures 6 and 8 for use in laying
out a well and seplic syslem.
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UPLANDS HYDRCLOGY

Streans

The uplands north of Fairberks are drained by meny smizll creeks
which flow to the Chena, Tananea, and Chatanika Rivers. The hydrology of
these streams is greatly affected by the distribution of pevinafrost.

Persafrost unacr the valley bottoms, lowsr slopes, and lowor part
of the north-facing slopes mey confine ground water in unfrozen bedrock
and aliuvial aquifers. The areas in vhich these aquifers are confined
under sufficient water pressur¢ to cause wells to flow at the surface
are collectively termed the artesian zono,

Upslope from the artesien zorz, strecns are dry during most of the
summer. Runoff occurs only during spring snownelt and after soma heavy
summer rainstorms. No aufeis forss there during the winter. Within and
dovinslope from the artesian zone, streams coimonly flow throughout the
year, and large aufeis deposits may overteop the streambenks during the
winter.

Low winter discharge, extensive aufeis, and shallow perpafrost in
the valley bottoms preclude the use of crecks as deuestic water sources.
During the winter, much of the discharge goes into the formation of
aufeis and is nolt available for withdrawal. If any flos renzins, it is
often difficult to locate undzr aufeis that obscures the chauncl. FEven
if 3t were possible to withdraw wazter from the creeks, it would be
difficult to meintain a thawed water-supply line through the zonz of
continuous permafrost. The creek-valley bottoms are also undesirable
for homesites becavse shallow permafrost inhibits on-site sewage disposal
and provides unstable foundation condilions for access roads and buildings.
Most housing is thus situated avay frow the creeks.

Ground water

An analysis of any grouna-water system relies on e conceptual model
vhich is based on observations of prescnt and historical coandilions.
Such a moilel is rarely a fina) procduct for use in dctersining all future
cause -and-effect relationsnips; 1t must be continually refined as new
data become available. For example, if all data have been collected
during a period of low precipitation, annual rechargc to the aquifer may
be undarestimated. Further, if there 75 @ lony delay between an event
and its consequence, historical recnrds become increasingly important.
Lack of a significant historical record makes this analysis of the
hydrology of the uplands more gualitetive. The following discussion is
a best estimate of conditions basaed con the aveilable information and is
Tikely to be revised as a longer period of record becomes available. 1t
can ba argued that, because virtually the entire ground-water record
spens a pericd during which local precipitation has been reported to be
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25 percent below normal, it is preasture to attent an enalysis. However,
it s equally true that some planning decisions, Lo be based on current
estimates of the hydrologic system, carnot be delayed until a Jonger
period of record e¢xists.

The yround-water system

Ground water in the uplands is contained principally in fractuied
bedrock of the Yukon-Tanana complex (King, 1969). Trese rocks were
forinerly considered to be a single metamorphic unit, the Birch Creek
Schist (Mertie, 1937). However, they actually consist of itwo distinct
schist units vhich have Leen intruded by granitic rocks. Throughout
this roport the more inclusive terin "brdrock zquifer" is used in preferance
to the locally used term "Birch Creck Schist aquifer”.

The bedrock aquifer is nonhomogeneous; that is, its hydrologic
properties differ greatly from place to place. Identical stresses on
the aquifer may produce very different responses in different areas. A
decision lo develop a 1ocal area hiased on estimates of available ground
water may be appropriate to the basin-wide average suvpply, yet may cause
severe shortages in one arca and no shortages elsewhere. Some wells are
likely to experience a reduction in yield regardless of the population
density.

pedrock cenducts ground water priviarily within fractures. The
capacity of the reocks to yiald vater to wells 4depends in part on their
capacity to hold fractures open against the pressure of overlying rocks.
In more plastic rocks, fractures either do not form during deformation
or close up under the weight of overlying rocks, The best fracture
perimeability and porosity is thus develeped in hard, brittle rocks that
Tracture readily during defrrmation and in which open fractures vepsain.
In the study area, waler-bearing zones with the greatest yields anpear
to be in quartz veins, quartzite, and siliceous schist. The less competent
mica schist conducts Jiltle water and in many places is a confining
layer Lo water within the brittle zones. The mica schist may, hoawecver,
contain significant quantities of water which it may slowly release to
the wore permeable units. 'Under cuch conditiaons the safter rocks store
water and the brittle rocks collect it and transmit it to wells. The
distribution and yield to wells of the brittle zones is irregular, and
it is unlikely that sufficient data can be collected to sccurately
predict the depth at which a well will have a desired yield.

The becrock aquiter of the uplands maintains a dynamic balance of
inflow, outflow, and cranges in storgge. The principal source of inflow
to the aquifer is by local infiltration of precipitation. Outflow from
the aquifer occurs in two ways. Some water flows to the surface via
thawed conduits through the persafvost in the artesian zone. The rest
flows under the poroatrost zad out to the alluvial zguifer of the ~djacent
floocd plain or creck valley.
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There is no diract wey to vl wury Lho anaual vicinziceg: to the bed-
rock aguifar. Howevar, if theve @ no chgacss in the atsuint of water
stored in the aquifer, then thne amwuzl recharge is equal to the annual
outflow. One componsent of the annu2l outflow, thet which occurs as
springs and streams in the artesian zone, can be measurcd. The other
component, that which flows out of an areca as ground water, cannot be
measured directly. In draincge basins whore most of the zrauzal outflow
occurs as surface water and yhere the amount of wateor stored in the
aquifer remains approximately corstant from year to year, annual recharge
may be accurately determined by measuring grounc water lost to the sur-
face. In some drainage basins, such as the southiast side of Chena
Ridee (fig. 1), the bedrock aquifer is bounded or on: sidz by a thick
alluvial aquifer. In such a hydrologic situation, gro.nd-water underfiow
1s likely to be a significant part of thec annuzl recharge, and netural
ground-water discharge thercfore poorly represenis the annual recharge.
Along much of Farmer's Loop Road, whare thick peruiafrost appaars to be
an obstruction to ground-water uncaerflow, and in some of the basins not
bounded by alluvial aquifers, such as Caribou Creek (fig. 1), grodnd
water discherging to the surface tway moce nearly apprudinzie ancuel
rechiarge.

If ore component of the dynuiiic balence of the aquifer is medified,
the other components must compensate. Withdrawal of ground vater from
wells is an increasz in the rate of outflow. If the annuzl recherge
renains constant, this increased oviflow must be compensated by a dacrosss
either in storage or in the rate of natural outflow. Thz initial change
is & decreasc in storage. This causes a decling in the potentionetric
surface which may, in turn, reduce the hydraulic gradient and the rate
of natural outflow. If the potentiometric surface declines below tha
land surface in the artesian zong, springs will dry up. A new balance
may then be reached in which natural grosnd-wiator discharga in the
artesian zone has been eliminzted and the water salvaged is eatirely
extracted through wells. If the punpage exceeds the natural ground-
water discharge, water levels will continue to decline.

The natural ground-water discharge is a cowncr:nl of base flow, the
streamilow whica persists after most surface yunoff has cezsed.  Other
corponents of base flow are delaycd drainzge from Lundra and marshy
areas, melting of winter icings, and shallow ground water seeping from
the seasorally thawed ground above the pecmzfrost. In orcer to determinc
the natural discharge froun the bedrock aquifer, it is necessary to measure
base flow when it consists alnost entirely of ground water discharged
from the bedrock aquifer, During the winter, whea shallow sources of
basc flow arc frozen, most {or possibly all) of the base flow consists
of ground water frow the decper - in most places, bedrock - aquifer.
During the sui.ier, base flow can be identified as ground water lost from
the bedrock where flow from a spring can be defined as having a bedrock
source.
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In the Tairbanks arca, base flows have bcen measured and the bzdrock-
leakage component analyzed for Grenac, Jussila, Isabella, Columbia,
Stecle, and Caribou Creeks, and the Little Chena River {fig. 12). Along
Farimer's Loop Road and along Chena Hot Springs Road as far east as
Steele Creek, base flows are 3,000 - 16,000 gallons per acre per year
((gal/acre)/yr). [A base flow of 10,000 (gal/acre)/yr m=ans that each
acre within that basin yields an average of 10,000 gal to base flow cach
year.] Base flow in Little Chena River was 38,000 (cal/acre)/yr in
1975, the only year with ¢ood winter records. In Caribou Creek basin,
base flow ranced from 35,000 to 106,000 {gal/acre)/yr beitween 1972 and
1975. Because of extensive aufeis formation in Caribou Creek, base
flows during 1876 and 1977 ire foorly defined. Heuwovar, flows were
estimated to be less than in any of the previous {our ycars,

Base flows are lowest in basins near the Tanana River flood plain
and increase in the basins at higher altitudes to the north and east.
Base flows in the range of 16,000 - 40,000 (gal/acre)/ye may then be
typical for such basins as Goldstream Creek, [ittle Chena River and
Engineer Creck, all of which drain hills higher than many of those in
the Farmer's Loop - Chena Ridge area.

Effacts of ground-water nutping

Most of the ground water being pumped from the bearock aquifer is
for domestic use. A1l this water is veturned to the ground via scplic
tanks and either scepage pits or drain Tields. Most of the waler rcturned
to the ground probably infiltrates downward to recharge the aquifer.
However, sone watey sy be drawn to the land surface by capillarity or
if a scepage pit becowrs pligaed, vater may actually flow to the surface.
Water that raachies the land surface is then lost to the atwosphere by
evaporation and itranspiration. An effective seepage pit or drain field
(one which is not plugged and which allows the effluent to percolate
downward) is therefore important in maintaining a balance between ground-
watlcr supply and ground-water use,

Ground water used for irrigation of lands, gavders and crops is
applied directly to the land surface. As it is supplied only to make up
soil moisture deficiencies, it is totally lost thrnugh evapotranspiration.

The quantity of water returned to the aguifer for reuse is dependent
on the construction and condition of the secpage systews, the pericability
of the soils, and the use to which the water is being put (irrigation,
dowestic consumption, or others). Although it has not been possible to
accurately quantify the water permanently lost from the aquifer, it is
estimated to vary Trom less than 10 percent of domestically used water
returned to a properly functioning sesoage pit to 100 percent of both
ircication water and douestically used water ecaturncd Lo a plugged
Sir e systen,
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[f the net consuiption of ground water (the pumpage minus the water
returned to the aquifer) approaches or excceds the base flow of a basin,
flow of springs in the artesian 7one may be reduced or eliminated.
Reduction or elimination of springfiow might dry up some ponds in the
artesian zone and decrease Lthe flow of water to ruskeg in, and downslope
from, the artesian zone. This would result in significant changes in
vegetation and wildlife habitat.

Ground-water consumption wil)l lover the potentiowetric surface (or
vater table). This decline caused by puiping will have the greatest
impact on springflew and well yields when it dis superimposed on a
natural decline crused by variafions in zaoeal precipitation. Nhether
or not such a total decline will significantly recuce the yield of any
particular well dcpends on the construction of the well and the maynitude
of the potentionetric-surface decline. If the permeable rocks which
supply the well are located in the first few feet below the potentiometric
surface, then a small regional decline in the potentiowetric surface may
dowster the well (fig. 13, well b). However, if the watler-bearing zone
is far below the potentiometric surface, the loss of a few feet of head
is insignificant (fig. 13, well a).

From 1972 to 1977, watcer-level declines of 3-9 ft/yr have been
common in areas on the vridgetops and upper hills (fig. 14). A hydrograph
Trom an unpuised observation well on the ridge sbove Tarwer's loop Road
illustrates the decline from 1375 to 19/7 (Ffig. 15). 1If such declines
are typical of a Tocal leng-toerm trend, the vidgetops and upper slopes
are areas where well failures wmay be coremon.

In contrast, fluciuaticas of ithe potentiomeiric surface bencath the
Yowor slopes are sii2ll.  The Lhick silt cover on the Tover slanes also
creates an zrea in which haid-Tnss tolerances are high (fig. 16).
Although some wells on the unper slopes may also have high head-loss
tolerances, the fact that wells on the lower slopes are consistently
tolerant of head losses iizkes such arcas likely to experience fewer
incidents of well failure.

if one were 1o acvise a plan of developient to produce a wminioum
nuindber of well failures, the gencral guidelines for distribution of
puinp ing would then be to cooncentrate the greatest amount of well-water
withdrawal on ihe lower slopas, where the anticipated rate of well
failures is lower than it is on tha vprer siopes and ridacetops.

Bocause the net water consuned is the puzage minus the water
returned to the aquifer, it may be possible to substantially reduce net
consumption by increasing the rate at which water is recharged to the
aguifer. In the study area, {his rate could be increased by diverting
ranoff from veofs end reads Tito iy valis, ur by reizining spring
Srivvecelt o in conds entil ihe grovod thaws encugh to allow infiliration,



Figure 13.--Generalized section shoving two wells with diflerent tolerances

to a declining potentictetric surfece. Well "a" weuld be little
affected by a decline of the potentiometric surface to posilion 2,
whereas well 0" would be ncarly dry.
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HITToN

FRACTURED GEDLROCK

L

Figure 16.--Ceneralized hydrogeologic conditions on the lower slopes.
A substantial thiclness of Tow-periieability silt averlies
water-bearing Ledrock.  Yells can still yioid sc&quate
vater for domestic purposes if the potenticuetric surface

falls several tens of feet.



The net water consunad may ke subslastially increassd by wzter
waste. A secpage pit which 1s rot replaced when it becoiizs plugas
causes water waste. A well dn the artesian zone which is allowed to
flow unchecked also wastes water. For example, near the intersection of
Stecse Highway and Farmer's Loop Road (fig. 1), flow continued for more
than a year from a well in vwhich a drilling company was unable to control
therma) erosion of the frozen materials. During the period of uncontrolled
flow (July 1976 to Septewber 1977), the well discharged mere than 26
million gal of ground water, and water level declined 8.2 ft in a well
located 764 ft upslope. Uncontrolled flow has occurred from several
other wells along Farwer's Loop Road and from one in the valley of
Goldstreanm Creek.

Ground-water quality

Ground water throughout th= unlaads is of calcium bicarbonate or
calcium sulfate type. Four chemical properties of concern to most local
hoineowriers are hardnass of wator and its concentrations of arsenic,
nitrate, and iron. Healtn-relatea aspecis of these propurties are
discussed, and the distribution of ground water containing objectionebies
amounts of each are depicted on a map by Johason and othors (approved for
publication).

Ground watey containing arsenic in excess of the recomsiended maxiin:
for drinking water (Environnental Protection Agancy, 1975) is sparadi-
cally distributed throughout thz uplands. Arsenic poiso.inf has been
reported in Nova Scotia in a man who was drinking water containing 5 my/L
of arsenic (Grantham and Jones, 1977). Concentrations above 0.3 ma/L
of drinking water have been corcelated witan increased incidences of
some forms of cancer (Environmental Protection Agency, 1972). The
maximun arsenic concentration datected in more than 300 ground-water
samples from the Fairbanks uplends is 10 mg/L. Arsenic is coloriess,
odorless, and undetectable in weter except by a properly equipped laboratory.
It is not removed by domestic water-treatment systems such as water
softeners or reverse-osmosis units.

Nitrate concentrations in excess of the FPA recov troded maxinom for
drinking watcr arc also spovadically dlStrlbu'Fd theoushicut the uplanas.
Nitrate is colorless and odorless and is a heelth hazard primarily to
infants under 3 months of age. Although a simple field test can be mad=s
for nitratc, analysis by a qualified laboretory is more precise. Nitrate,
1ike arscnic, is not resoved by most water-treatment systens.

Altnough iron in water is not a hcalth hazard, it is a nuisance to
consurers and causes staining of clotning and plumbing fixtures. Much
of the ground water in the uplands contains more than 1 mg/L of iron;
ground water containing less thaen 1 mg/L has been detected only in senm-
ples collected frow wells on the upzer slopes and ridgetops.  Iron can
be rewoved by individual water-trestment systens installed in hoines
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Aigh hardness of water is primarily a nuisance rather than a healtn
hazard. Hard water consumes soap and deposils scale on pluwbing fixtures,
water heaters, and cookware. Althouqh desirable Tevels of kardness are
a matter of individual consuwer preference, 100 mg/L Vs zn spproximate
boundary between what many people consider hard and soft water (Hem,
1970). Using (his criterion, soft water has been feund only in wells
located on and near the ridgetops zbove an elevation of 650 ft {Johnson
and others, approvad for pudblication).

Other nuisance characteristics of ground water are taste and odor.
These are attributzble to d.cuizosing organic matarial in Lhe scdiments
and are ustally accompenied by iron concentrations in excass of scveral
milligrams per liter. The cowbinatlion of bad taste, bad odor, and rusty
water has caused some upland honcowsers to discontinue using their wells
for drinking water.

Environental considerations of septic systems

The environwental factiors of principal interest in defining pollutien
susceptibility of the uplands are the capacity of the soil to filter
bacteria and sorb chemical pollutants, and tihe depth to the water table.

Septlic systeis in the uplands are enplaced either in silt or bedrock.
vhere the effluent is able Lo porcolate through silt, the swmall grain
size should provide gnod filtration of bacteria. VWhere the porincability
of the silt is too Tow to permit the effluent to percolate downward,
much or all the cffluent moves to the land surface where it either runs
off or is lost by cvapotranspiration. ‘Hether it infiltrates or flows
to the surface, the threat of becterial contamination to the aguifer is
sliaght. Fowever, heailh hazavds ray be oosad by efflucet that rcaches
the land surface. Septic systems placed in badrock may discharge effluent
to a variety of malerials. If the badrock is decompesed mica schist,
the filtration and sorptive napacities nay provide good treatiment of
effluent. If the hadrock is fractured brittle rock, such as guartzite
and marble, the joints and Troctuyres may scerve 8s opon conduils witich
provide negligible filtration.

Most of the scepage systems in the uplands discharge effluent many
tens of Teet ahbove the water table. Effluent percolates downward through
a variety of rocks and minerals 2nd is aerated over a siguificant distance.
wnere the seepage pit is cuplaced in rocks with poor filtraiion and
sorptive characteristics, the effluant may have to szep through finer
and vore reactive material at depch sefore it reaches the saturated
zore. Aeration also helps to cxidize bacteria and some other pollutants.

The potential for bactcrial pollution of the bedrock aguifer is
greatest in areas lacking silt to Tilter the effluent and vhiere the
weier table §s close to the land surface. Such conditions are unlikely
to be found south of Goldstream Creck because the silt cover there is

>
N



thick on the middle and lower slopes. Howaver, the silt cover thins
northward, and, north of Goldstraz. Creex, the probability of finding
such conditions increascs.

As of the spring of 1978, there were no known instances of bacterial
contamination in the many hundrods of wells comnleted in the bedrock
aquifer. The area therefore apgeers to have a low potential for contamina-
tion.
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