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ABSTRACT

Dynamic interactions between the Chena River and adjacent aquifer significantly

affect near-bank geochemistry and natural attenuation processes.  During the spring of 1997,

the groundwater gradient close to the Chena River reversed causing surface water to enter

the aquifer.  Changes in temperature, specific conductance and alkalinity were used to

determine the extent of bank recharge.  For approximately one week during spring snowmelt

of 1997, surface-water influx from the Chena River occurred approximately between the

depths of 17.5 ft (~5.33 m) and 30 ft (~9.1 m) below ground surface.  The effects of bank

recharge extended at least 20 ft (~6.1 m) but not to 100 ft (~30.5 m) from the banks of the

Chena River into the aquifer.  Bank recharge caused 64 to 68 percent of the groundwater, 20

ft (~6.1 m) from the bank at a depth of 22.5 ft (~6.78 m) to be displaced by surface water

influx.
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CONVERSION FACTORS AND ABBREVIATIONS

Multiply By To obtain

foot (ft) 0.3048 meter (m)

mile (mi) 1.609 kilometer (km)

square mile (mi2) 2.590 square kilometer (km2)

centimeters (cm) 1x10-2 meter (m)

Physical and Chemical Water-Quality Units:

Temperature: Water and air temperature are reported in degrees Celsius.  Degrees Celsius (°C) can be

converted to degrees Fahrenheit (°F )by use of the following equation:

°F=1.8(°C)+32

Specific electrical conductance (conductivity): Conductivity of water is expressed in microsiemens per

centimeter (µS/cm) at 25 °C.  This unit is equivalent to micromhos per centimeter (µmho/cm) at 25 °C.

Milligrams per liter (mg/L):  Milligrams per liter is a unit of measurement indicating the concentration of

chemical constituents in solution as weight (milligrams) of solute per unit volume (liter) of water.

Vertical Datum:

In this report, “sea level” refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929), a

geodetic datum derived from a general adjustment of the first-order level nets of both the United States and

Canada, formerly called Sea Level Datum of 1929.  All elevations were measured from the U.S. Army Corps of

Engineers benchmark LFC-66A.  Last surveyed in 1985.  Elevation 444.98 ft above sea level.  Local Military

Coordinates N291901.81, E303283.11

Horizontal Datum:

The horizontal datum for all locations in this report is the North American Datum of 1927.  The U.S.

Army typically uses local coordinate systems for each installation.  These coordinates are converted to state-

plane coordinates (zone 3) and latitude and longitude.



8

Abbreviations used in this report:

AEC U.S. Army Environmental Center

BLM U.S. Bureau of Land Management

BTEX benzene, toulene, ethylbenzene and xylene

COE U.S. Army Corps of Engineers, Alaska District

DO dissolved oxygen

N normal

NGVD of 1929 National Geodetic Vertical Datum of 1929

PVC polyvinyl chloride

TCE trichloroethylene

TDR time domain reflectometry

UAF University of Alaska Fairbanks

USARAK U.S. Army Alaska

USGS U.S. Geological Survey
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1. INTRODUCTION

Interactions between groundwater

and surface water systems with transient

hydraulic conditions are not well

understood.  Transient groundwater and

surface-water interactions complicate the

understanding of mass exchange.  A greater

understanding of the processes associated

with bank recharge is needed.  The area

surrounding the Chena River, in interior

Alaska, is one such case, where surface

water periodically migrates into the aquifer

because of increasing river stages (Glass

and others, 1996; Nakanishi and Lilly, in

prep; Nelson, 1978).

There are many contaminated sites

near the Chena River.  The effects of bank

recharge on the contaminated aquifers have

never been studied with respect to mass

exchange.  Bank recharge may enhance

natural-attenuation processes, making bank

recharge important when considering natural

attenuation as a remediation technique.

2. PURPOSE AND SCOPE

The purpose of this investigation is

to determine how the Chena River interacts

with groundwater during and after bank

recharge.  Objectives include:

• Identifying the vertical extent of

interaction that occurs during

bank recharge

• Identifying the horizontal extent

of interaction that occurs during

bank recharge

• Determining if an identifiable

interface exists between

groundwater and surface water

during bank recharge and

discharge

Several monitoring wells were

installed between the depths of 12.5 ft (~3.81

m) and 40 ft (~12.2 m) below ground surface

to bound the vertical limits of the influx.  In

addition to monitoring wells, thermistor

strings with an even greater density of

sensors were used to determine the vertical

extent of mass influx.  The horizontal extent

was determined by installing well clusters in

a line oriented perpendicular to the river and

approximately parallel to the direction of

groundwater flow.  By detecting changes at

sites near the river, but not at the more

distant sites, the range of extent of mass

influx can be determined.

Analysis of temperature and chemical

data will determine if surface water influx

readily mixes with groundwater.  A distinct

horizontal boundary between groundwater

and surface water would infer lack of mixing

due to low vertical hydraulic conductivity,

differences in density, or a lack of transverse

dispersion.

3. BACKGROUND

Fort Wainwright and Fairbanks are

located in interior Alaska near the confluence

of the Chena and Tanana Rivers (fig. 1).

Fairbanks has a continental climate with

large seasonal temperature variations and

annually averages 10.95 inches of
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precipitation (Plumb and Lilly, 1996).  The

Chena River has a drainage area of

approximately 2,000 mi2 (~5180 km2) (Glass

and others, 1996).  The Chena River flows

through Fort Wainwright and Fairbanks.  A

major component of the Chena River’s total

discharge is from upper-basin rainfall or

snowmelt.  The discharge of the Tanana

River is primarily due to glacial melt and

snowmelt in the Alaska Range.  The Tanana

River is at its highest during the summer

when glacial melt and snowmelt are at their

greatest. Increases in Chena River stage

generally occur during two periods annually,

spring snowmelt and late-summer

precipitation events (Nelson, 1978).  The

river stage of the Chena River can vary as

much as 8 to10 ft (~2 to 3 m) throughout the

year due to these events (Glass and others,

1996).

The gradient of the Tanana River is

steeper than that of the Chena River in the

Fort Wainwright area.  The Tanana River

elevation in this area is higher than the

Chena River.  Groundwater typically flows

northwest from the larger Tanana River into

the Chena River in the Fort Wainwright area

(Glass and others, 1996).  Groundwater

gradients reverse with high stage conditions

on the Chena River, and water flows into the

Figure 1.  Location of Fort Wainwright, Alaska
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aquifer.  An increase in river stage acts in

much the same way as an injection well.  The

water table begins to rise near the river to

compensate for the pressure perturbation on

the system.  A “pressure wave” characterized

by an increase in water-table elevations

propagates away from the river (Nakanishi

and Lilly, in prep).  The “pressure wave” is

attenuated with distance.  Groundwater

gradients resume normal trends toward the

Chena River after the river stage drops.

Groundwater then flows back into the Chena

River.  The hydraulic conductance of the

system and the hydraulic gradient are the

primary factors that affect the maximum

extent of surface water flows into an aquifer

during bank recharge  (Squillace, 1996).  The

duration of high stage also contributes to the

extent of bank recharge.

The aquifer material in the study

area is alluvial sand and gravel deposited by

the Tanana River, described as Chena

Alluvium (Péwé and others, 1976).  The

aquifer is laterally and vertically

discontinuous like many braided-river facies

(Rust, 1978).  Bedrock occurs 616 ft (~188

m) below ground surface near Moose Creek

Dam (Glass and others, 1996) and

approximately 150 ft (~45.7 m) below the

Chena River (Nakanishi and Lilly, in prep).

Andreasen and others (1964) estimated the

basin depth south of the Tanana River as

2,000 ft (610 m) with aeromagnetic surveys.

Uncertainty exists concerning geohydrologic

properties that were determined through

pumping tests due to the high pumping rates

and inadequate well screens (Nelson, 1978).

Nakanishi and Lilly (in prep) estimated the

aquifer properties at Fort Wainwright by

numerically simulating groundwater and

surface-water levels and matching field data

(Table 1).

Many sites are contaminated with

hydrocarbons and chlorinated solvents along

the Chena River throughout Fort Wainwright

and Fairbanks.  The close proximity of the

Parameter Estimated value corrected for
river geometry effects

(English units)

Estimated value corrected for
river geometry effects

(SI units)
Riverbed conductance 350 ft2/d 33 m2/d
Chena Alluvium
   Vertical hydraulic conductivity (K v) 20 ft/d 6 m/d
   Horizontal hydraulic conductivity (K h) 400 ft/d 122 m/d
   Anisotropy (K v /K h) 1:20 1:20
   Specific Yield (Sy) a

0.25
a
0.25

   Specific Storage (Ss) a
1x10-6 a

1x10-6

   Diffusivity (K h /Sy) 1,600 ft/d 488 m/d
Bedrock Units
   Vertical hydraulic conductivity (K v) a

0.005 ft/d
a
0.002 m/d

   Horizontal hydraulic conductivity (K h) a
0.10 ft/d

a
0.03 m/d

   Specific Storage (Ss) a
1x10-6 a

1x10-6

a
 Assumed value, not estimated by calibration

Table 1.  Estimated values of geohydrologic properties near Fairbanks, Alaska (Nakanishi and Lilly, in prep)
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water table to the ground surface increases

the potential for contamination.  Natural

attenuation is the reduction of contaminant

concentration through natural processes, such

as biodegradation and adsorption.  It is an

important remediation approach at these

contaminated sites.  Mixing from mass

inflow from bank or surface recharge could

increase oxygen and nutrients that enhance

natural attenuation processes.  In

contaminant plumes in groundwater,

microorganisms often utilize oxygen faster

than it can be re-supplied, making conditions

anaerobic.  Bank recharge could increase

dissolved oxygen in the system favoring

aerobic degradation.   Aerobic

microorganisms degrade certain

contaminants more efficiently than anaerobic

microorganisms. The water table may smear

the contamination into the unsaturated zone

as groundwater levels rise due to infiltration

or increases in the Chena River stage.  Some

contaminant remains in the unsaturated zone

when the water table drops.  Microbes, not

limited by oxygen, may degrade

contaminants more efficiently when

transferred to the unsaturated zone.  In

addition, groundwater gradient reversals will

increase the time it takes for contaminants to

reach the Chena River.

Location of

study site

N

Figure 2.  Aerial photo of study site on south side of Chena River, Fort Wainwright, Alaska
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The investigations in this study are

part of a bigger project investigating the

natural attenuation of groundwater

contaminated with TCE and BTEX near the

Chena River.  The study area is located

adjacent to the Chena River on the north side

of the Fort Wainwright airfield (fig. 2).  For

purposes of groundwater remediation, Fort

Wainwright is divided into operable units.

Our study is located in Operable Unit 5

(OU5).  The study area located at latitude

64º50’34” and longitude 147º36’58”, is

between two contaminated areas.  Due to the

close proximity of the study area to

contaminated areas, the findings of this

investigation will be transferable to other

studies.

4. LITERATURE REVIEW

4.1 Groundwater and surface-water

interactions

There are few investigations on

groundwater and surface-water mass

interaction in river systems.  A variety of

investigation methods have been used to

study groundwater and surface-water

interactions including analytical, chemical,

numerical, and field methods (Winter, 1995).

Many investigations (Squillace and others,

1996; Squillace and others, 1997; Heimann

and others, 1997) used the analyses of

chemical concentrations and field parameters

to determine the extent of bank recharge.

Contamination of aquifers (Heimann and

others, 1997) and movement of contaminants

in bank-storage water (Squillace and others,

1996) are two reasons for the increase in

groundwater and surface-water interaction

studies.  Other studies focused on

conservation of groundwater resources

(Lines, 1996; Myers and others, 1996).

Modica and others (1997) characterized

baseflow contributions for rivers.  In

addition, surface-water and groundwater data

has been used in numerical simulations to

estimate aquifer properties (Nakanishi and

Lilly, in prep).

Surface water from the Cedar River

in Iowa was determined to infiltrate into the

adjacent aquifer to an extent of 100 ft (~30

m) at a depth of 20 ft (~6 m) during high

river stages (Squillace and others, 1996).

The influx of surface water was tracked

through analyses of specific conductance and

chemical concentration data.  Water levels

located approximately 33 and 98 ft (~10 and

30 m, respectively) away from the riverbank

were used to determine the groundwater

gradient.  Groundwater was concluded to

flow away from the riverbank for

approximately two weeks during peak flow

stages.  Numerical simulations showed

surface-water influx moved 13 ft (~4 m)

vertically below the river and 100 ft (~30 m)

horizontally into the aquifer.  Seventy percent

of the water moved through the riverbed and

thirty percent through the riverbanks.

Although high stage values have a longer

duration on the Cedar River than on the

Chena River, the maximum stage change is

higher on the Chena River.  The aquifer

horizontal hydraulic conductivity is at least
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three times greater.  Considering the

differences between the Chena River site and

the Cedar River site, the extent of bank

recharge at the Chena River study site was

expected to extend more than 100 ft (~30 m)

into the aquifer.

Heimann and others (1997), used

agricultural chemical concentrations, specific

conductance and dissolved oxygen to try to

detect effects of the 1993 flood in Missouri.

Results of the investigation were

inconclusive to whether the slight changes in

aquifer values were due to surface water

influx or temporal variations.

Concentrations of dissolved oxygen in the

aquifer were only slightly increased over the

course of the flood.  The specific

conductance in the aquifer also changed,

though the cause of the change could be

twofold.  Movement of surface water into the

aquifer would dilute the groundwater and

decrease specific conductance.  In addition,

an increase in dissolved oxygen into the

system from surface-water influx could

oxidize reduced metals which then

precipitated out of solution, reducing the

specific conductance.  Due to the reactive

nature of dissolved oxygen, it may be a poor

constituent for tracking groundwater and

surface-water interactions.  Dissolved oxygen

may be utilized at the same rate that it is

being introduced into the system.  If

dissolved oxygen is being depleted by

oxidizing reduced metals, natural attenuation

processes will not be enhanced through the

addition of dissolved oxygen in bank

recharge.

A numeric simulation utilizing

groundwater and surface-water interaction

data was used to estimate aquifer properties

downstream from the study site (Nakanishi

and Lilly, in prep).  The simulations showed

that increases in Chena River stage caused

detectable increases in the water table 1,000

ft (~305 m) away from the river within a few

days of the increase in stage (fig. 3).

Changes in river stage were attenuated with

distance from the river.  At 1,000 ft (~305 m)

and 9,000 ft (~2.7 km) from the river, the rise

in water table was approximately 40 and 10

percent, respectively, of the rise in river

stage. Figure 4 shows that a rise in the water

table occurs quickly adjacent to the river.

Whereas, in figures 5 and 6, increases in the

water table occur farther into the aquifer even

after the river begins to decrease in stage due

to the delayed effect of the pressure wave.

From this investigation, it was seen that the

effects of a high stage on the Chena River

were measurable miles away from the river.
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Figure 3.  Chena River stages and groundwater levels in increasing distance away from the Chena River, 1995 (Nakanishi and Lilly, in prep)

428

430

432

434

436

438

440 FWM5534

6,200 ft from

bank

22.6 ft depth

FWM5756

8,800 ft from

bank

16.0 ft depth

FWM5532

4,200 ft from

bank

23.3 ft depth

FWM6707

938 ft from

bank

61.8 ft depth

FWM6891

328 ft from

bank

25.0 ft depth

FWM6893

10 ft from bank

27.0 ft depth

Chena River

at Apple

Street #1

W
A

T
E

R
-L

E
V

E
L 

E
L

E
V

A
T

IO
N

, I
N

 F
E

E
T

 A
B

O
V

E
 S

E
A

 L
E

V
E

L

Jan 
Apr 
Jul 
O

ct 
Jan 
Apr 
Jul 
O

ct 
Jan 
Apr 
Jul 
O

ct 
Jan 
Apr 
Jul 
O

ct 
Jan 
Apr 
Jul 
O

ct 
Jan 
Apr 
Jul 
O

ct 
Jan 
Apr 
Jul 
O

ct 
Jan 

1995



1
6

Figure 4.  Simulated water-table profiles for June 23 to 28, 1995 (Nakanishi and Lilly, in prep)
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Figure 5.  Simulated water-table profiles for June 28 to July 3, 1995 (Nakanishi and Lilly, in prep)
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Figure 6.  Simulated water-table profiles for July 3 to July 8, 1995 (Nakanishi and Lilly, in prep)
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4.2 Use of temperature in groundwater

studies

Temperature measurements have

been a common tool in groundwater

investigations.  The use of temperature is a

recommended technique for investigating

artificial recharge due to the common

differences in temperature that exist in

groundwater and surface water (Schneider,

1962).

The use of water temperature as a

tracer is advantageous, as it is inexpensive

and easily measured.  The tracer is water that

has a different temperature than the

groundwater.  Thermistors or thermocouples

can be used to measure temperatures with

dataloggers for automated collection.  Water

has a relatively high specific heat capacity

compared to aquifer materials (Davis and

others, 1985).  Because of this, the

temperature of a thermal tracer changes

slowly as it moves through an aquifer.

Movement of water (convection) is believed

by Davis and others (1985) to be the

dominant mechanism of heat transmission in

groundwater.  However, temperature does

have its limitations as a tracer since it is a

non-conservative tracer.  Thermal effects on

density and viscosity can make the use of a

thermal tracer difficult (Davis and others,

1985).   A difference in the densities of the

tracer and groundwater can cause the tracer

to rise or sink thus increasing breakthrough

time.  Different densities could potentially

cause the tracer to not be detected at the

monitoring wells.  Effects of temperature on

viscosity must also be considered since the

viscosity can affect breakthrough time.

Temperature differences between the tracer

and in situ water can cause forced convection

to occur (Combarnous and Bories, 1975).

This causes the tracer to lose its thermal

difference with the aquifer or take a path that

does not follow the groundwater gradient.

Rorabaugh (1956) used temperature

measurements and chemical analyses to

determine that an aquifer underlying

Louisville, Kentucky was in communication

with the Ohio River.  By monitoring

temperatures in observation wells, it was

determined that river water was reaching the

wells through induced infiltration.  The

influx into the system was similar in the

summer and winter, although the river stage

was significantly higher in the winter

months.   Rorabaugh determined that the

temperature of the river was affecting the

hydraulic conductivity and reducing the

amount of recharge.  In more recent studies

(Constantz and others, 1994), diurnal

variations in river temperature have been

determined to influence streamflow loss.

Changes in the viscosity of water due to

temperature change can significantly alter the

hydraulic conductivity of a system

(Rorabaugh, 1956, and Constantz and others,

1994).  The hydraulic conductivity of a

system with water at 25 °C is twice that of

water at 0 °C.  Regarding this study, a more

pronounced bank recharge event is expected

in the summer months when the Chena River

is at its warmest.
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Lapham (1989) determined vertical

groundwater gradients below streams

through the analysis and modeling of

temperature data.  Observed temperature

profiles below streams were altered as a

result of groundwater and surface-water

interactions.  The thermal effects on the

aquifer below the river are shallower when

groundwater is moving into the river and

deeper when surface water is moving into the

aquifer.

Likewise, the temperature of the

riverbed will be affected by the temperature

of the river and the movement of water into

or out of the system.  If river water moves

into the aquifer, the temperature of the

riverbed will be more affected by the river

temperature.  Contrary, if groundwater is

moving into the river the temperature of the

riverbed will be affected by the temperature

of the groundwater.  Silliman and Booth

(1993) used this principle to determine

gaining and losing stream reaches.  Irons and

others (1989) similarly determined that

portions of Monument Creek, a tributary of

the Chena River, undergo bank recharge

conditions.  Temperature at different depths

was measured near bank and mid-channel.

Temperature analyses showed that during

bank recharge, surface water moved into the

groundwater system through the mid-channel

but not near the riverbank.

Schneider (1962) monitored several

pumping wells that were inducing

infiltration.  By observing the thermal effects

at the wellheads, the direction and rate of

groundwater movement could be determined.

Schneider reported that groundwater

temperatures in a pumping well that was

inducing infiltration from a river were

controlled by:

• Porosity of the aquifer

• Specific heat of the aquifer’s matrix

• Temperature of the groundwater

• Temperature of the river

• Extent of mixing that occurs between

  groundwater and surface water

5. HYPOTHESIS

The hypothesis of this study is that

high stage events on the Chena River will

cause bank recharge that can be quantified

through measurements of various chemical

and physical parameters of groundwater and

river water.  There are notable chemical and

physical differences between the Chena

River and groundwater, such as specific

conductance, alkalinity, dissolved oxygen

and temperature.  These parameters were

monitored throughout the duration of the

study.  A change in parameters in at least one

of our observation sites during high stage

events was expected.

Not all high stages will cause

significant bank recharge.  Although, the

surface elevation of the river may be higher

than the water table in the adjacent aquifer

and thus cause a groundwater gradient

reversal, bank recharge may not occur.

Depending on the magnitude and duration of

stage, the extent of bank recharge could vary

significantly.
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In addition, the temperature of

surface water could play a major role in

inhibiting bank recharge.  Density differences

between groundwater and surface water are

suspected of reducing vertical mixing during

bank recharge.  The density of water is

dependent on temperature, dissolved solids

and suspended solids.  Suspended solids are

low in both surface and groundwater at the

site.  Dissolved solids are greater in the

groundwater than in the surface water.  The

maximum density of water occurs at 4.0 °C.

The temperature of groundwater at the site

was measured to vary between 2 to 10 °C
over the course of a year.  The temperature of

the Chena River has been observed to vary

between 0 and 19 °C.  During the summer

when the difference in density is at its

greatest, surface-water influx may override

groundwater.  A reduction in mixing would

limit the impact of bank recharge on natural

attenuation processes.  Distinct layers will be

detected by closely monitoring parameters in

a vertical profile.  Abrupt changes in

groundwater temperature and field

parameters in a vertical profile will indicate

the presence of distinct layers.
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Figure 7b.  Conceptual model demonstrating flow gradient reversal, Chena River at high stage

Figure 7a.  Conceptual model demonstrating flow gradient reversal, Chena River at low stage
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6. METHODS

The study area is located on the

south side of the Chena River at Fort

Wainwright.  A line of monitoring wells and

instrumented pits extended south

approximately 300 ft (~91 m) from the

river’s edge perpendicular to flow (fig. 8).

Using a two dimensional cross-section, the

investigation coincides on the directional

plane of groundwater flow.  The ground

surface in the study area is approximately

15-ft (4.6 m) above the surface of the Chena

River at low stage.

6.1 Well constuction

A series of wells were installed in

two 23 ft (~7 m) deep excavations (Pit 1 and

Pit 2).  Pit 1 and 2 were excavated in

October, 1996.  Instrumentation, lysimeters

and wells were installed and then the pits

were back-filled with the excavated

material.  Monitoring wells were

constructed out of 1-inch (2.54 cm)

polyvinyl chloride (PVC) pipe with 2-inch

(~5 cm) well screens.  Ten foot

(~ 3 m) sections of threaded PVC pipe were

used to construct each well.  Screened

intervals were created with a hacksaw.

Water table wells at Pit 1 and Pit 2 were

constructed out of 2 inch (5 cm) PVC pipe

with 12.5 ft (~3.8 m) of well screen.  All

wells were capped at the bottom and labeled

at the top.  All wells and instrumentation at

Pit 1 and Pit 2 were located on the north-

facing wall of the pits.  The instrument side

of the pits were carefully back-filled by

Figure 8.  Project site

W1

Pit 2

Apple Road

Gaffney Road

N

W3

Pit 1
W2
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hand.  Finally, instrument shelters were

installed around the monitoring wells.

A collection of nested monitoring

wells installed near the bank of the Chena

River in March of 1997 was denoted as W1.

At the same time two additional well

clusters, W2 and W3, were drilled to the

south of W1 in between Pit 1 and Pit 2.

Since the bank of the Chena River is not

vertical, a measuring point at the edge of the

river during low stage was used to define

horizontal distances from the river.  A 6-

inch (~15 cm) hollow stem auger with an

inner diameter of 4 inches (~10 cm) was

used to bore the holes.  Several wells were

installed inside the borings while the auger

was still in the ground.  In addition, the one

thermistor string at W1 was affixed to a 1-

inch (2.54 cm) PVC pipe and lowered down

a bore hole.  Counter-rotating the auger

while the auger was being slowly removed

allowed unconsolidated fill to collapse

around the installed wells.  One-inch (2.54

cm) diameter PVC pipe was used for the

monitoring wells.  A water table well at W1

used 2-inch (~5 cm) PVC pipes.  Water

table wells at W2 and W3 used 1-inch (2.54

cm) PVC pipes.  Well screens for

monitoring wells were cut 2 inches (~5 cm)

in length with a hacksaw.  Well screens for

water table wells were pre-made and were

12.5 ft (~3.8 m) in length.  Two to three 1-

inch (2.54 cm) wells were placed in each

well boring.  Six feet (~2 m) of metal casing

was installed in each boring with 3 ft (~0.9

m) extending above ground.  Metal boxes

were welded on top of the casings to

provide security for the wells.  After all

wells were installed, the elevation of the top

of was determined through surveying.

6.2 Vertical and Horizontal Survey

Vertical survey control was

measured from an U.S. Army Corps of

Engineers (COE) survey benchmark,

LFC66A, located on the south side of

Gaffney Road and just west of the Apple

Road intersection. The benchmark is a brass

cap mounted in a concrete headwall for a

culvert crossing under Gaffney Road. The

reported elevation on the benchmark is

444.98 ft (~135.63 m) above sea level,

NGVD 1929 as reported by the 1966 survey

of the Coast and Geodetic Survey, and was

last measured in 1985. The military local

coordinates for the benchmark are

N291901.81, E303283.11 and the

benchmark has a carsonite post mounted

approximately 2 ft (~60 cm) to the south.

The elevation surveys were performed with

a Zeiss Ni2 Automatic Level and the quality

assurance closure goals were 0.007*sqrt(s),

where s is the number of instrument setups.

All elevations were read to the closest 0.005

ft (~0.15 cm) and most shots were balanced

and under 200 ft (~60 m) with a few shots

between 200 and 300 ft (~60 and 90 m,

respectively).

Horizontal control was taken from

the wells in the general area that had been

surveyed in the past. These wells reference

the North American Datum of 1927. The
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locations of temporary benchmarks and

locations of wells and other selected

features are measured with swing ties to

known points. In most cases, three known

points were used. Known locations were

then plotted using AutoCAD and circles

were drawn on individual layers to define

the location for each unknown point. The

intersections of the circles were used to

determine the location of the unknown

points. The quality assurance goals were to

measure all locations to the nearest foot.

Field measurements were taken to the

closest 0.1-foot with a 300 ft (~90 m) Lietz-

Eslon fiberglass survey tape or a 200 ft (~60

m) Empire fiberglass survey tape.

6.3 Automated collection of hydrologic

data

Campbell Scientific CR-10

dataloggers with AM416 Multiplexors were

used to record continuous data.  The most

concentrated instrumentation in this study

occurred at Pit 1 and Pit 2.  Probe depths

vary from the ground surface to 18.2 ft

(~5.55 m) (fig 9).  The probes are

concentrated near the water table.

Instrumentation measured specific changes

in groundwater properties over time.  Probes

are also located at regular intervals in the

unsaturated zone.  The time domain

reflectometry (TDR) probes in the

unsaturated zone were used to determine if

water infiltrating as rainfall was a

significant factor in groundwater and

surface-water interactions.

In addition to thermistors at Pit 1

and 2, thermistors were installed at W1.

The twenty-three thermistors at W1 were

installed at depths between 10 and 30 ft (~3

to 9 m, respectively).

Dataloggers recorded measurements

hourly for thermistors and TDR probes and

every half-hour for pressure transducers.

Collected data was retrieved weekly.

Weekly water levels were measured with an

electric tape (E-tape) (Model 51453 water

level indicator manufactured by Slope

Indicator Company) at each well to

corroborate pressure-transducer data.

6.3.1 Temperature

During the winter and early spring,

the temperature of the Chena River water is

colder than the groundwater.  As the daily

temperatures rise, the river water temperature

rises also.  Eventually, the river water is

significantly warmer than the groundwater.

The difference in temperature between the

groundwater and surface water allows a

thermal fingerprint of the source of water.

Thermistors, temperature variable

resistors, were used to measure the

temperature in the Chena River, W1, Pit 1

and Pit 2.  Thermistor strings were

constructed with YSI 44034 thermistors.

The temperature can be found by measuring

the resistance of the thermistors and

converting resistance to temperature through

the application of an empirical relationship.

Prior to installation, all thermistors were

immersed in ice baths of a known
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Figure 9.  Depths of thermistors, TDR probes, lysimeters, water table wells, discrete sampling points at W1, Pit 1 and Pit 2.
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temperature to check their accuracy.  Any

deviation from the predicted temperature was

used as an offset to the equation. The

manufacturer’s reported accuracy for the

44034 model of thermistor is ±0.1 °C.

Three YSI thermistor probes of the

same model were placed 15 ft (4.6 m) from

the bank of the Chena River in the bed of the

river.  Pieces of asphalt were used to prevent

the displacement of the probes.  During

typical conditions in the summer of 1997, the

river depth above the probes was

approximately 3 ft (~0.9 m).  Natural

processes buried the probes over the course

of the summer.  The temperatures measured

by the probes are measurements of the

riverbed temperature not the stream

temperature.  Manual measurements with a

high precision thermometer were used to

determine the difference in temperature of

the streambed and the river.

6.3.2 Unfrozen Soil Moisture Content

Pit 1 contains TDR probes that

measure unfrozen moisture content.  TDR

probes work on the principle of sending

pulses along wave guides and measuring the

time it takes for signal reflection.  The

propagating velocity of the waveform

changes with respect to the dialectric

constant between the two wave guides.  If the

soil is dry the propagating velocity is faster

than if the soil is wet.  Utilizing Topp’s

equation (Topp and others, 1980), the TDR

data can be used to calculate the volumetric

water content.  The TDR probes were used to

track the changing water table and possible

infiltration.  In addition, the TDR data could

be used to calculate drainage curves and soil

properties.  When the soil is fully saturated,

the observed volumetric water content is

equal to the porosity.

6.3.3 Water Level

Three pressure transducers were

installed to characterize how groundwater

gradients were affected by changing stage

elevations on the Chena River.  All pressure

transducers units used on this project were

manufactured by the USGS and utilized

Microswitch 26PC pressure transducers.

Pressure transducers measure the pressure

due to the height of water above the pressure

transducer.  Each pressure transducer was

calibrated by immersing the pressure

transducer to multiple depths in a standpipe

and measuring the resulting voltages.  A

unique equation was developed for each

pressure transducer to convert measured

voltages into feet of head.  The pressure

transducers are weighted and fixed to a

stationary point so they are unable to move.

By measuring the depth to the water table

with an E-tape, the depth of the pressure

transducer can be found.  After this datum is

determined, the height of water levels in the

future can be calculated.  Water table

elevations calculated with pressure

transducer data were verified by E-tape

measurements regularly.  In the event that the

pressure transducer began consistently

reading different values than the E-tape, the
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equation used to determine water levels was

adjusted so that the two elevations were the

same again.  The change in pressure

transducer measurements could be due to

movement of the pressure transducer or

instrument drift.  Instrument drift can be due

to aging, fouling or hysterisis effects.  The

accuracy of the pressure transducers are

±0.02 ft (~0.6 cm).  With the use of the water

table elevations and horizontal distances, the

groundwater gradient between two points in

the study area can be calculated.

6.3.4 Precipitation

A tipping bucket rain gauge with an 8

inch (~20 cm) orifice was installed to

measure precipitation at the study site in July

of 1997.  A tipping bucket rain gauge works

on the principle of collecting all the

precipitation falling in a given area.  The

precipitation that falls within the gauge

begins to fill a bucket.  The bucket

automatically “tips” to empty when full.  The

rain gauge located at Pit 1 was connected to

the datalogger at Pit 1 and programmed to

record the sum hourly precipitation values.

Calibration of the rain gauge consisted of

slowly dripping a known quantity of water

into the rain gauge while visibly, audibly and

electronically determining the number of

tips. The calibration in the field was within

1.6 percent of the factory calibration.  Data

prior to the installation of the rain gauge was

obtained from a rain gauge located a 1.5

miles (~2.4 km) to the east of the study area.

The BLM rain gauge recorded daily

precipitation values.  The collection of

precipitation data at the study area in

conjunction with TDR data, were used to see

if the effects of infiltration on the water table

were significant.  The precipitation data

could also be used to determine if increases

in river stage were due to local precipitation

or precipitation in the upper Chena River

basin.

6.4 Groundwater and surface-water

chemistry measurements

Field samples were collected on a

regular basis to aid in the investigation of

groundwater and surface-water mass

interactions next to the Chena River.  During

periods of high stages and significant

fluctuations of the Chena River, the sampling

frequency interval decreased.  The sample

area covered the western section of the AEC

Natural Attenuation Project in an area with

no groundwater contamination.  The main

emphasis of sampling occurred at a cluster of

wells 20 ft (~6 m) from the bank of the

Chena River, referred to as W1.  The wells

were constructed to sample at the depths

between 12.5 and 40 feet below ground

surface.  Other wells sampled were at Pit 1,

W2, W3 and Pit 2.  Discrete sampling wells

and water table wells were screened with

~0.16 ft (5 cm) and 12.5 ft (~3.81 m) well

screens, respectively.

Prior to sampling any well, the depth

to water table was found using an E-tape.

Masterflex and ISCO brand peristaltic pumps

utilizing polyethylene tubing were used to
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purge and pump samples from the wells.

One end of the polyethylene tubing was

secured to the pump’s tubing.  Hose clamps

were used to guarantee a proper seal.  The

other end of the tubing was run into the

monitoring well.  Standard USGS field forms

for sampling groundwater were used to

record the appropriate data.

6.4.1 Field Parameters

Groundwater was pumped through a

flow cell of a Hydrolab Reporter, a compact

portable multi-probe device used to measure

pH, dissolved oxygen, specific conductance

and temperature.  The Hydrolab unit consists

of two components, the multi-probe device

and a display screen.  Prior to using the

Hydrolab unit, the probes would be

individually calibrated in the range expected

for the different groundwater properties.  The

membrane on the dissolved oxygen probe

was routinely changed to prevent fouling due

to biologic growth.  Readings were recorded

from the display screen, a Hydrolab Scout 2,

approximately every five minutes.

Stagnant water in monitoring wells

must be removed prior to sampling to ensure

samples are representative of the aquifer.

Wells sampled were purged for at least three

well volumes and until pH, dissolved

oxygen, specific conductance, and

temperature measurements were repeatable

over a 5 minute time span.  The water

sampled was considered representative of the

aquifer at that depth after measurements had

stabilized. Stabilized values for pH,

temperature, dissolved oxygen and specific

conductance were noted on field forms.  The

length of time that the well was purged and

the volume of purge water were also noted.

After the well stabilized in readings, samples

were collected by pumping into clean 250

milliliter plastic bottles for alkalinity samples

or 300 milliliter glass biological oxygen

demand (BOD) bottles for Winkler dissolved

oxygen samples.  Purge water was collected

in buckets and placed within labeled 55

gallon barrels to be later treated and

disposed.

6.4.2 Hydrolab Calibration

The Hydrolab is calibrated by

standing the unit upright and filling a screw

on cup that surrounds the probes.  Specific

conductance, pH and dissolved oxygen (DO)

probes are all calibrated prior to sampling.

Between calibrations, the probes are rinsed

with tap water followed by de-ionized water.

Calibration standards are used to pre-rinse

the probes three times before the cup is filled

with the standard.  The specific conductance

probe was calibrated with a 500 µS/cm

calibration standard.  The specific

conductance probe has three ranges and

automatically changes to provide the most

digits.  For the range of specific conductance

values measured in this investigation, the

accuracy of the specific conductance probe is

reported to be ±15 µS/cm.  The pH probe

was calibrated with a pH 7.0 standard and

then sloped with a pH 4.0 standard.  The

accuracy of the pH probe is reported as ±0.2
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units.  A standard with 0.0 mg/L of dissolved

oxygen was used to calibrate the DO probe.

An alternate method of calibrating the DO

probe was to calibrate it with the atmosphere.

In this method, the cup was filled with tap

water so just the DO probe was exposed.

Knowing the temperature and barometric

pressure the concentration of oxygen can be

determined.  Since the groundwater samples

were usually below 1.0 mg/L of dissolved

oxygen, calibrating with zero DO solution

was preferred.  The accuracy of the dissolved

oxygen probe was rated for ±0.2 mg/L of

dissolved oxygen.  For each of the standards,

the measurements were stabilized prior to

calibration.  The probes in the Hydrolab

Reporter were calibrated by entering the true

value into the Hydrolab Scout 2 while in

calibration mode.  The thermistor built into

the Hydrolab unit does not need to be

calibrated.  The reported accuracy of the

thermistor is ±0.10 °C.

6.4.3 Alkalinity

Alkalinity samples were taken by

pumping water samples into 250 milliliter

plastic sample bottles.  Each bottle was

rinsed three times with native waters prior to

filling.  All samples were unfiltered.

Alkalinity samples were stored chilled until

the alkalinity could be determined.  The

maximum amount of time between collection

and analysis was three hours.  All alkalinity

values were determined in the field utilizing

the fixed end-point method.  All glassware

was cleaned and triple rinsed with de-ionized

water between processing samples.  Fifty

milliliters of sample, measured in a

graduated cylinder, were placed in a beaker.

The samples were magnetically stirred with

Teflon coated stir bars.  A Hach digital

titrator was used with 1.60 N sulfuric acid

(H
2
SO

4
) titrant cartridges.  A Hach pH meter

was used to determine pH.  Acid was added

with the digital titrator until a pH of 4.5 was

reached.  The number of digital counts

displayed on the digital titrator indicates the

amount of acid dispensed.  The number of

digital counts and the corresponding pH was

recorded throughout.  As the pH became

close to 5.0, the increment of digital counts

became less and less.  When the pH is 4.5,

the number of digital counts is used to

determine the fixed-point alkalinity.  Using a

50 ml sample and 1.60 N H
2
SO

4
 the number

of digital counts to reach a pH of 4.5 is half

that of the alkalinity in mg/L as CaCO
3
.

6.4.4 Dissolved Oxygen

In addition to the Hydrolab, dissolved

oxygen values were determined in the field

by utilizing the azide modification of the

Winkler titration method.  Groundwater

samples were collected by pumping water

into BOD bottles.  Bottles were overfilled at

least three times with the tubing at the

bottom of the bottle to minimize turbulence

or introduction of air.  For surface water

samples, the bottle was submerged at an

angle for 15 to 30 seconds.  The bottle was

completely filled so there are no trapped air

bubbles.  Prepackaged Hach reagents in
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plastic pillows were used.  The content of

one reagent pillow of manganous sulfate was

added to the bottle.  The glass stopper was

inserted and the bottle was inverted multiple

times until the powder was completely

dissolved.  A pillow of alkaline iodide-azide

reagent was then added and the bottle

inverted again.  The bottled sample was then

stored in a cooler until it could be tested.

Prior to analysis a powder pillow of sulfamic

acid is added.  All glassware is cleaned

thoroughly and triple rinsed with de-ionized

water prior to analysis.  A 200-ml sample is

placed in an Erlenmeyer flask with a

magnetic stir rod.  A buret of 0.025 N

sodium thiosulfate is used to titrate the

sample until it changes to a straw color.  Two

drops of starch solution are then introduced

which turns the sample to a pale blue color.

The sample is then titrated until clear.  Using

a 250-ml sample, the total volume of sodium

thiosulfate used is equal to the milligrams per

liter of dissolved oxygen.

6.5 Chena River stage measurements

Chena River at Apple Road #2 is a

measuring station located on the south bank

of the Chena River along the transect of the

study.  The USGS Chena River gauging

station at Fairbanks is located approximately

3 miles (~5 km) downstream from our site.

Continuous stage data from the Chena River

at Fairbanks station were used to calculate

the stage height at our site.  A regression

analysis was performed for Chena River at

Apple Road #1 in 1995, located approxi-

mately 600 ft (~183 m) downstream from the

measuring station Apple Road #2.  By

measuring the elevation of the river at Chena

River at Apple Road #1 and Apple Road #2

an offset was calculated.  The offset was

added to the regression equation so that the

stage at Apple Road #2 could be calculated

from Chena River at Fairbanks data. The

W1 Pit 1 W2 W3 Pit 2
12.5 12.30 20.0-WT 20.0-WT 12.30
15.0 12.80 30.0 25.0 12.80
17.5 13.29 30.0 13.29
20.0 13.78 13.78
22.5 14.27 14.27

22.5-WT 14.76 14.76
25.0 15.26 15.26
27.5 15.75 15.75
30.0 16.24 16.24
35.0 16.73 16.73
40.0 17.22 17.22

22.5-WT 17.72
18.21

19.0-WT
WT: Water table well with 12.5 ft screen

Table 2.  Well completion depths
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stage height at Chena River at Apple Road

#2 were manually taken by measuring the

distance from a surveyed measuring point to

the water surface.

7. RESULTS AND DISCUSSION

The Chena River and groundwater

sampling at the project area was from

September 1996 to October 1997.  Intensive

sampling occurred between April 1997 and

October 1997.  During those months,

temperature, dissolved oxygen, pH, specific

conductance and alkalinity were collected on

a regular basis.  The summer of 1997 was

relatively dry and the only significant

hydrologic event was spring snowmelt.

Spring snowmelt provided enough of a

groundwater gradient reversal to have the

effects of bank recharge seen at W1.  At no

other time during the investigation did bank

recharge occur.

7.1 Groundwater

Differences in water levels across a

horizontal distance create hydraulic

groundwater gradients.  Other gradients

affecting the transport of groundwater at this

site are due to gravity, density and

concentration.   During the course of the

investigation, only once was surface water

detected flowing from the river into the

aquifer.  Although there were other

hydrologic events that increased the stage of

the Chena River, no other event was

significant enough to cause measurable bank

recharge.  Previous years of hydrologic data

show that 1997 was rather atypical (fig 10).

Other than hydraulically induced

groundwater gradient reversal, density

induced recharge was also examined.

Theoretically, if the density of water in the

Chena River is dense enough to overcome

the already present groundwater gradient,

surface water could infiltrate into the system.

Analysis of data collected never showed a

density-induced bank recharge.

In the last few days of April, the ice

cover of the Chena River began to break up

and the river began to rise.  An ice jam on the

Chena River downstream of the site backed

the river up.  Since the ice jam occurred

between the study site and the Chena River at

Fairbanks gauge, the regression analysis for

that period is incorrect.  In the span of a day,

the water level at W1 rose over 4.25 ft (~1.3

m).  As the river rose, it soon was higher in

elevation than the water table in the adjacent

aquifer, resulting in a reversal of the

groundwater gradient.  At this point, river

water began moving into the aquifer.  The

groundwater gradient maintained aquifer

recharge from the river for approximately

one week until the river stage dropped

(fig.11).  Figure 12 shows the water levels for

W1, Pit 1, Pit 2 and the Chena River for

April 1997 to October 1997.
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Figure 10.  Chena River at Fairbanks stage measurements, 1991-1997
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Figure 11.  Groundwater gradient, Chena River-W1, W1-Pit 1, Pit1-Pit2, April to October 1997
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Figure 12.  Water levels at W1, Pit1, Pit2 and Chena River, April to October 1997
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7.2 Soil Moisture

Figure 13 shows select data from the

TDR probes for the spring melt event.  Prior

to break up, water saturation was low

between 13 and 16 ft (~3.96 and 4.88 m)

below ground surface.  With the increase of

river stage, the water table rises, starting first

at the riverbank and quickly propagating

away from the river.  As the water table rises,

the soils quickly become saturated.  As the

water table begins to fall, the soils begin

draining. Figure 13 shows the volumetric

moisture content at different depths at Pit 1,

as the water table increases and decreases.

One of the important factors to

consider in bank recharge studies is whether

infiltration from precipitation affects the

aquifer chemistry and water levels.  Since

high river stages on the Chena River may or

may not coincide with precipitation over the

study site, it may seem proper to attribute

changes in the aquifer and water table

elevation to infiltration.  In order to prove

that only groundwater and surface-water

interactions occur in the aquifer during bank

recharge, the interaction due to infiltration

must be determined to be minimal.  The

volumetric water content of soil at 13.3 ft

(4.05 m) below ground surface remained at 3

percent over the span of the spring snowmelt

event (fig. 13).  Figure 13 shows the water

table rising due to the high stage of the
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Chena River during spring melt but does not

show infiltration reaching the water table.

Infiltration into the aquifer from snowmelt at

Pit 1 was found to be negligible from

analyses of data collected from the TDR

probes.

7.3 Temperature

Collection of temperature data

occurred from April 1997 to October 1997.

Probes were located in the Chena River, at

W1, Pit 1 and Pit 2.  Temperature probes

were used to detect temperature changes due

to bank recharge and fluctuating water tables.

In addition, mixing due to thermal processes

could be identified by observing groundwater

temperatures.

Temperatures measured by

thermistors at W1 proved that river water

moved into the aquifer.  The Chena River

temperature was colder than the temperature

of the groundwater during spring snowmelt.

Soon after the rise of the river, the

groundwater temperature suddenly decreased

in response to aquifer recharge through the

riverbank.  Temperature differences were no

longer observed after approximately one

week, although the thermal profile never

returned to its original form (fig. 14).  The

greatest changes in temperature occurred

between 14 ft (~4.3 m) and 23 ft (~7.0 m)

below ground surface (figures 15 and 16).

The greatest change in temperature occurred

at 19.5 ft (~5.94 m) below ground surface on

May 3, 1997, where the temperature

decreased 1.6 °C.  Probes deeper than 28 ft

(~8.5 m) below ground surface showed very

little change in temperature during bank

recharge.  Bank recharge occurred between

the water table and 28 ft (~8.5m) below

ground surface.  Although the Chena River

was colder than the groundwater, the density

of the groundwater was greater because the

temperature of the groundwater was close to

4.0 °C and had a higher concentration of

dissolved solids. Influx due to bank recharge

did not occur uniformly with respect to

depth.  Differences in hydraulic conductance

caused surface water influx to move into the

system more rapidly at certain depths than at

others.

Changes in groundwater temperature

were due to two separate processes.  Before

the effects of surface water influx depressed

the temperatures at W1, another process

increased the temperature at the water table

for a short time.  The first thermal change

during the spring snowmelt event was due to

the increasing water table.  As the water table

rose in response to the increasing stage of the

Chena River, groundwater warmer than the

unsaturated soils above began to warm the

overlying soil, as those soils were saturated.

By tracking the time the temperatures began

to change at the different depths, it was

found that the temperature wave was

travelling upward.  Figure 15a shows that

between April 29 and May 1, an increase in

temperature occurs around a depth of 14 ft

(~4.3 m).  A decrease in temperature due to

the influx of cold river water was unobserved

at that time.  Effects of warming were
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Figure 14.  Temperature at various depths at W1 and Chena River, April to October 1997
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Figure 15b.  Temperature profiles versus depth at W1 for May 2 to May 5, 1997
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Figure 16b.  Temperature profiles versus depth at W1 for May 9 to May 11, 1997
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detected for a relatively short time as bank

recharge soon after decreased temperatures at

that depth (fig. 15b).  Prior to bank recharge,

the temperature between 14 and 16 ft (~4.3

and ~ 4.9 m) was 1.8 to 2.3 °C and 3.0 to 3.5

°C between 16 and 18 ft (~4.9 and ~5.5 m).

The temperature of the probes between 14

and 16 ft (~4.3 and ~ 4.9 m) below ground

surface briefly warmed up to 2.9 °C (fig.

15b).  The increase in temperature is due to

warmer water moving upward and not due to

the influx of the colder, 1.0 °C, Chena River

water.

Figure 17 shows the temperature at

15 ft below ground surface for W1, Pit 1 and

Pit 2.  Only W1 showed a temperature

decrease due to bank recharge.  The

temperature at Pit 1 was significantly less

than that of W1 and Pit 2.  Pit 1 is located

near Apple Road.  This road is kept clear of

snow in the winter.  A lack of insulative

snow may depress the temperatures below Pit

1.
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Figure 17.  Temperature at W1, Pit1, Pit2 and Chena River and water table at W1, April to October 1997
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7.4 Chemistry

Changes in the aquifer chemistry

attributed to river water were detected at W1,

but not at Pit 1.  Prior to spring melt a

sampling routine was implemented to record

the changes in the groundwater before,

during and after spring melt.

Specific conductance and alkalinity

results showed that during the spring melt

event, the river water moved into the aquifer

between the depths of 17.5 ft and 30 ft (~5.3

m and ~9.1 m, respectively).   Taking into

account the magnitude of change, a majority

of the influx occurred between 17.5 ft and 25

ft (~5.3 m and ~7.6 m, respectively).

The specific conductance data proved

to be the most valuable physical parameter.

The specific conductance was measured

multiple times on the Chena River.  The

specific conductance of the Chena River

varies throughout the year.  For purposes of

determining the effects of bank recharge, use

of the specific conductance of the surface

water at the time of the event is most

appropriate.  Prior to the spring snowmelt

event, the specific conductance was

measured to be 210 µS/cm on April 18, 1997

and 156 µS/cm on April 29, 1997.  The

specific conductance of the groundwater at

W1 was between 450 and 500 µS/cm prior to

bank recharge.  As river water moved into

the aquifer, the specific conductance dropped

Figure 18.  Specific conductance versus depth at W1, April 18 to May 9, 1997
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due to river water mixing with groundwater.

The greatest change in specific conductance

was observed at 22.5 ft (~6.86 m) below

ground surface.  Collected groundwater

samples at 22.5 ft (~6.86 m) had a specific

conductance of 279 µS/cm.  Data shows

vertical mixing occurred even at close

proximity to the river, such as at W1.

Changes in specific conductance may be due

to dilution of the groundwater with surface

water or through precipitation of reduced

metals.  Reduced metals in the groundwater

may precipitate with the addition of oxygen-

rich surface water.  Consequently, the

precipitated metals decrease the total

dissolved solids and the observed specific

conductance at the wells (Heimann and

others, 1997).

Alkalinity measurements were used

in the same way as specific conductance

measurements.  Analysis of alkalinity values

show that bank recharge occurred between

17.5 ft and 30 ft (~5.3 m and ~9.1 m,

respectively) (fig. 19).  The greatest change

in alkalinity values occurred at 22.5 ft (~6.86

m) suggesting that the greatest amount of

recharge happened at that depth.  Alkalinity

measurements at 22.5 ft (~6.86 m) below

ground surface decreased from 238 to 114

mg/L as CaCO
3
 during bank recharge.  The

alkalinity of the Chena River was measured

to be 92 and 56 mg/L as CaCO
3
 on April 25

Figure 19.  Alkalinity versus depth at W1, April 18 to May 9, 1997

40

35

30

25

20

15

10

5

0

0 25 50 75 100 125 150 175 200 225 250 275

Alkalinity of the

Chena River

56 mg/L as CaCO
3

on 4/29/97

D
E

P
T

H
 B

E
L

O
W

 G
R

O
U

N
D

 S
U

R
F

A
C

E
, 

IN
 F

E
E

T

ALKALINITY, IN MILLIGRAMS PER LITER AS CaCO
3

 4/18/97

 4/23/97

 4/25/97

 4/29/97

 5/5/97

 5/7/97

 5/9/97



45

and April 29, 1997, respectively.

The concentration of dissolved

oxygen was quite different between the

Chena River and groundwater.  Dissolved

oxygen was originally suspected to be a good

parameter for quantification of the extent of

bank recharge.  Collection of accurate

dissolved oxygen values proved to be the

most problematic.  The concentration of

dissolved oxygen was near 0.0 mg/L for most

groundwater sites and thus was easily

affected by error in collection and analysis.

Aeration due to turbulence in collection and

non-airtight seals in the sampling apparatus

were the main causes of error.  Shallow wells

with sampling points near the water table

also seemed difficult to measure for

dissolved oxygen.  Aeration at the water

table or total evacuation of the water in the

well caused abnormally high dissolved

oxygen values.  Influx of river water did not

significantly change the concentration in

dissolved oxygen in the groundwater (fig.

20), although other chemistry data shows W1

has been affected by bank recharge.

Considering that the aquifer is predominately

in a chemically reduced condition, the

addition of dissolved oxygen is most likely

depleted quickly.  The aquifer contains

relatively high concentrations of reduced

iron.  It is anticipated that dissolved oxygen

entering the system is consumed by the

Figure 20.  Dissolved oxygen versus depth at W1, April 18 to May 7, 1997
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oxidation of reduced metals.  In similar

investigations, dissolved oxygen was not

useful in determining whether groundwater

and surface-water interactions have occurred

(Heimann and others, 1997).

7.5 Density Effects

The density of water is dependent

upon the temperature and the amount of

dissolved and suspended solids.  The effects

of suspended solids on the density of water

are assumed insignificant when turbidity is

low.  There are many correlations for specific

conductance and total dissolved solids

(TDS).  The Hach Model 44600

Conductivity/TDS meter uses the

relationship:

(1)

Where:

TDS = Total dissolved solids (mg/L)

SC = Specific conductance

(µS/cm @ 25 °C)

Using this relationship and neglecting

volumetric change, a 500 µS/cm water

sample at 4 °C would have the density

1.00025 g/cm3.  Although the effect on

density is slight, it is quite significant when

working with water samples around 4 °C.

Density of water varies with

temperature, with maximum density

occurring at 4 °C (fig. 21).  The equation

(adapted from Dorsey, 1940) was used to

convert temperature data to densities:

(2)

Where:

y = the density in grams per cubic

centimeter

x = the temperature between 0 and

20 °C
a = 0.99986756

b = 6.7986639e-05

c = -9.1166734e-06

d = 1.0573964e-07

e = -1.4741717e-09

f = 1.3434196e-11

The Chena River was never denser

than groundwater between April 1 and

October 31, 1997 (fig. 22).  For purposes of

calculating the density of Chena River water

and groundwater throughout the year, a

specific conductance of 200 µS/cm and 450

µS/cm, respectively, were used.  The change

in density between pure water and water with

dissolved solids considered was summed

with the density due to temperature.  Twice a

year the temperature of the river is 4.0 °C.

Even when the river is at maximum density,

the higher concentration of dissolved solids

in groundwater make the river less dense.

The groundwater temperature would have to

be greater than 10 °C when the river was at

4.0 °C in order for the density of the river to

be greater than the groundwater.  The only

time this might occur would be during

autumn.  In the event that bank recharge

occurred while the river water was denser

than the groundwater, the influx may tend to

move downward.  At other times of the year,

when the river water is less dense it may

attempt to override the groundwater.  The

SC * 0.5 = TDS

y a bx cx dx ex fx= + + + + +2 3 4 5
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largest potential for this is during the summer

when the difference in density of

groundwater and surface water is greatest.

During spring melt, bank recharge

occurred between the depths of the water

table and approximately 30 ft (~9.1 m) below

ground surface.  It is difficult to determine if

density-driven mixing occurred during bank

recharge.  The differences in densities of

groundwater and surface water were

relatively small at this time.  At that scale,

any uncertainties in measurements would

cause major changes in calculated densities.

Denser water moves downward until the

water below it is denser, stopped by a

confining layer or until the thermal difference

is attenuated.  Analyses of additional bank

recharge events are needed to fully

understand the effects of density differences.
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Figure 22.  Density of water at W1 and Chena River, April 1997 to October 1997
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7.6 Groundwater displacement

Specific conductance and alkalinity

data showed that the greatest amount of

surface water influx occurred 22.5 ft (~6.86

m) below ground surface at W1.

Temperature data suggests that bank

recharge most affected W1 at a depth of

19.5 ft (~5.94 m).  If bank recharge

completely displaced all the groundwater at

W1, and the indicator tracers were

conservative, the alkalinity and specific

conductance in the groundwater should be

the same as in the river.  In the same way,

groundwater temperature may approach that

of the river, though temperature is the most

non-conservative of the three parameters

that were used to track bank recharge.  Thus,

the temperature of the groundwater is

expected to change the least.  The specific

conductance changed the most (from 500

µS/cm to 279 µS/cm) at a depth of 22.5 ft

(~6.86 m).  The specific conductance of the

river was 156 µS/cm during the spring

snowmelt event.  If 100 percent of the

groundwater was displaced the specific

conductance would be 156 µS/cm.  Using

equation 3, the percent of groundwater

displaced can be determined.

(3)

Where:

GW
displaced

 = Percent of groundwater

displaced by surface water

P
0
 = Parameter measured prior to

event

P
1
 = Parameter measured at its

greatest change

P
r
 = Parameter measured at river

The decrease in specific conductance

suggests 64 percent of the groundwater was

displaced by river water at a depth of 22.5

ft.  The alkalinity dropped from 238 to 114

mg/L as CaCO
3
 at a depth of 22.5 ft (~6.86

m) at W1, while the river had an alkalinity

of 56 mg/L as CaCO
3 
on April 29, 1997.

Using the above approach, river water

displaced 68 percent of the water.  The

greatest change in temperature occurred

when the temperature dropped from 3.9 °C
to 2.3 °C at a depth of 19.5 ft (~5.94 m),

with the river at 1.0 °C.  The resulting

change would predict a displacement of 55

percent of the groundwater.  The coldest

temperature at that depth occurred on May

3.  If the maximum displacement occurred

on May 3, then the displacement numbers

for specific conductance and alkalinity

might be underestimated since both readings

were taken on May 5.  During bank

recharge, it was estimated that 64 to 68

percent of the groundwater was displaced at

a depth of 22.5 ft (~6.86 m) at W1.  In

contaminated areas near the Chena River,

this would correspond to a significant

amount of contaminated water that is moved

away from the river.

7.7 Natural attenuation

Many processes associated with

bank recharge affect the natural attenuation

of contaminants.  Specific conductance and

GW
P P

P P
displaced

r
(%)

( )

( )
=

−
−

0 1

0
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biodegradation processes.  It is possible that

the soils, as they drain, act similarly to

trickling filters used to treat wastewater.  The

true effects of contaminant smearing as an

aid to natural attenuation in the Fort

Wainwright area are still unknown.

8. RECOMMENDATIONS

It is recommended that the

groundwater and surface-water interaction

study be continued in the future.  Analyses

of additional bank recharge events are

necessary to fully understand the potential

effects of bank recharge.  Unfortunately,

there were very few high river stage events

during this study so it was not possible to

fully investigate all effects.  Stages of

greater magnitude, longer duration or of

higher temperature could all affect the

extent of bank recharge.  Future studies

should include additional well clusters to

assess more accurately the horizontal extent

of bank recharge.  Wells should be drilled

between 12.5 and 40 ft (~3.81 and ~12.2 m).

Additional pressure transducers should be

installed in water table wells and nested

piezometers.  Nested piezometers should be

used to observe vertical gradients.  An

installed pressure transducer in the Chena

River should be used to collect more

accurate river stage data.  Thermistors

imbedded vertically into the riverbed should

be used to determine vertical gradients and

the amount of bank recharge that occurs

through the riverbed.  The use of

thermistors, down hole specific conductance

alkalinity data suggest that 64 to 68 percent

of the groundwater was displaced at a depth

of 22.5 ft (~6.86 m) at W1.  In addition to

displacement, the influx of water from bank

recharge will dilute contaminant levels.

Groundwater-gradient reversals will

increase the time it takes contaminant

plumes to reach the river.  An increase in

dissolved oxygen from bank recharge influx

was never observed in groundwater

samples.  It is believed that as water moved

into the aquifer, microorganisms and

oxidation of reduced metals quickly utilized

all the dissolved oxygen present in the

surface-water influx. Considering all

processes associated with bank recharge, the

fluctuating water tables due to changing

river stages affect natural attenuation the

greatest.

During high stages on the Chena

River, the extent of bank recharge was

between 20 ft (~6.1 m) and 100 ft (~30 m)

from the river’s edge.  Nakanishi and Lilly

(in prep) observed increases in water tables

8,800 ft (~2.7 km) from the bank during

1995, because of the increase in river stage.

Considering the scale, natural attenuation

processes are more affected by fluctuating

water tables than bank recharge.  During

times of increasing water-table elevations,

contamination is smeared into the newly

saturated areas.  As water tables decrease and

water begins to drain, some contaminants are

left in the unsaturated zone.  The large smear

zone, resulting from fluctuating water tables,

may be a more favorable environment for
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meters and dataloggers is highly

recommended for future studies.

Measurement of reduced iron concentrations

during bank recharge events may help

explain the lack of re-oxygenation of the

aquifer.  Monitoring wells saturated during

increases in the water table can be used to

determine changing geochemistry.  In

contaminated areas, microbial populations

and concentration of contaminants can be

quantified.  Lysimeters at the same depths

can be used to sample interstitial water

when the depth is unsaturated.  By

comparing contaminant concentrations and

microbial populations at the same depth

under saturated and unsaturated conditions,

the effects of fluctuating water tables on

natural attenuation may be better

understood.

9. SUMMARY AND CONCLUSION

During the investigation, bank

recharge occurred only during spring melt.

Surface water moved at least 20 ft (~6.1 m),

but not to 100 ft (~30.5 m) into the aquifer.

The greatest movement of water occurred

between the water table, which fluctuated

between a depth of approximately 12.5 ft

(~3.81 m) and 14 ft (~4.3 m), and 23 ft

(~7.0 m) below ground surface.  Effects

from bank recharge were detected to a depth

of 30 ft (~9.1 m).  Below 30 ft (~9.1 m) no

effects of bank recharge were observed.

A distinct horizontal interface

occurred between groundwater and surface

water interactions at W1, 30 ft (~9.1 m)

below ground surface.  Effects of bank

recharge were undetected below 30 ft (~9.1

m).  With respect to the ground surface near

W1, the river bottom is approximately 20 ft

(~6.1 m) below ground surface.

Considering most influx occurred around 20

ft (~6.1 m) below ground surface at W1,

surface water flowed predominantly

horizontally into the aquifer.  Effects below

25 ft (~7.6 m) were significantly less

suggesting that mixing due to transverse

dispersion occurred.  The magnitude of

change in specific conductance and

alkalinity values gathered during bank

recharge suggest that 64 to 68 percent of

groundwater was displaced at a depth of

22.5 ft (~6.86 m) and 20 ft (~6.1 m) from

the riverbank.

In the characterization of

groundwater aquifers, processes of recharge

due to high-river stage complicate matters.

This is especially the case when trying to

understand how groundwater and surface-

water interactions can affect natural

attenuation processes.  In the studies on

natural attenuation at Fort Wainwright, it is

not completely understood how changes in

the Chena River will affect the degradation

process of contaminant plumes.  Elevated

levels of dissolved oxygen in the

groundwater were not observed during bank

recharge.  Additional dissolved oxygen

introduced into the groundwater though

surface-water influx is suspected to be

quickly utilized by chemical and biological

processes.  Although no increase in
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dissolved oxygen was seen, bank recharge

still affects natural attenuation through the

processes of dispersion, dilution and vertical

smearing.

The extent and magnitude of bank

recharge is dependent upon many factors.

Hydraulic conductance, hydraulic gradient,

duration and suddenness of the event all

affect the extent of bank recharge.  Due to

these factors, the magnitude of future bank-

recharge events is difficult to model.  Future

bank recharge events must be monitored to

better understand the consequences of bank

recharge.
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Table 3.  Field chemistry results

USGS
Field ID

COE
Site ID

Temp
Field ID

Depth Below Ground 
Surface of Discrete 
Sampling Point (ft)

Date and Time of 
Sampling

Temperature 

(oC)

Specific 
Conductivity 

(µS/cm)
pH

Dissolved 
Oxygen (mg/L)

Dissolved 
Oxygen by 

Winkler Method 
(mg/L)

Alkalinity 
(mg/L as 
CaCO3)

FWM7325 AP7325 W1-B40 40 4/18/97 18:30 4.07 442 7.16 0.61 - 220
FWM7325 AP7325 W1-B40 40 4/29/97 16:12 5.95 454 6.66 0.29 - 210
FWM7325 AP7325 W1-B40 40 5/1/97 16:05 4.97 450 6.67 0.43 - -
FWM7325 AP7325 W1-B40 40 5/5/97 17:17 5.06 458 6.64 0.26 - 210
FWM7325 AP7325 W1-B40 40 5/9/97 17:27 5.09 450 6.61 - - 208
FWM7325 AP7325 W1-B40 40 7/22/97 13:40 7.53 424 - - - -
FWM7325 AP7325 W1-B40 40 8/7/97 13:33 6.48 426 - - - -
FWM7325 AP7325 W1-B40 40 8/19/97 14:38 7.69 414 7.17 0.61 - 208
FWM7325 AP7325 W1-B40 40 9/13/97 13:53 - 430 - 0.21 - -
FWM7326 AP7326 W1-C35 35 4/23/97 19:07 4.79 441 6.86 0.16 - 210
FWM7326 AP7326 W1-C35 35 4/29/97 17:48 6.05 437 6.62 0.27 - 208
FWM7326 AP7326 W1-C35 35 5/5/97 16:42 5.50 466 6.64 0.32 - 214
FWM7326 AP7326 W1-C35 35 5/9/97 16:52 5.07 451 6.58 - - 208
FWM7326 AP7326 W1-C35 35 7/22/97 16:05 9.02 429 - - - -
FWM7326 AP7326 W1-C35 35 8/7/97 15:40 6.90 427 - - - -
FWM7326 AP7326 W1-C35 35 8/22/97 16:48 - 461 6.76 - - 214
FWM7326 AP7326 W1-C35 35 9/13/97 14:47 5.04 433 - 0.16 - -
FWM7327 AP7327 W1-C30 30 4/25/97 14:35 5.92 468 6.85 0.19 0.1 218
FWM7327 AP7327 W1-C30 30 4/29/97 16:47 5.80 460 6.61 0.33 - 214
FWM7327 AP7327 W1-C30 30 5/1/97 16:25 5.50 486 6.63 0.26 - -
FWM7327 AP7327 W1-C30 30 5/5/97 15:02 5.73 484 6.55 0.43 - 224
FWM7327 AP7327 W1-C30 30 5/9/97 16:32 5.32 471 6.51 - - 222
FWM7327 AP7327 W1-C30 30 7/22/97 15:40 8.31 441 - - - -
FWM7327 AP7327 W1-C30 30 8/7/97 16:06 6.95 441 - - - -
FWM7327 AP7327 W1-C30 30 8/22/97 15:57 - 476 7.40 - <0.01 228
FWM7327 AP7327 W1-C30 30 9/13/97 14:33 5.15 451 - 0.18 - -

NA: Non-Applicable

Hydrolab Field Lab
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USGS
Field ID

COE
Site ID

Temp
Field ID

Depth Below Ground 
Surface of Discrete 
Sampling Point (ft)

Date and Time of 
Sampling

Temperature 

(oC)

Specific 
Conductivity 

(µS/cm)
pH

Dissolved 
Oxygen (mg/L)

Dissolved 
Oxygen by 

Winkler Method 
(mg/L)

Alkalinity 
(mg/L as 
CaCO3)

FWM7328 AP7328 W1-C27 27.5 4/25/97 13:30 6.25 481 6.85 0.63 - 188
FWM7328 AP7328 W1-C27 27.5 5/5/97 16:12 4.91 429 6.51 0.29 - 178
FWM7328 AP7328 W1-C27 27.5 5/9/97 17:07 5.09 466 6.55 - - 220
FWM7328 AP7328 W1-C27 27.5 7/22/97 15:15 8.98 460 - - - -
FWM7328 AP7328 W1-C27 27.5 8/7/97 16:27 7.16 458 - - - -
FWM7328 AP7328 W1-C27 27.5 8/22/97 15:45 - 492 6.89 - <0.01 232
FWM7328 AP7328 W1-C27 27.5 9/13/97 14:17 5.60 465 - 0.16 - -
FWM7329 AP7329 W1-D25 25 4/25/97 13:55 5.90 498 6.77 0.31 0.2 238
FWM7329 AP7329 W1-D25 25 4/29/97 18:17 6.43 492 6.57 0.23 - 256
FWM7329 AP7329 W1-D25 25 5/5/97 14:33 4.91 427 6.48 0.49 - 192
FWM7329 AP7329 W1-D25 25 5/7/97 19:12 5.17 428 6.43 0.60 - 192
FWM7329 AP7329 W1-D25 25 5/9/97 15:32 5.83 465 6.43 - - 220
FWM7329 AP7329 W1-D25 25 7/22/97 14:00 8.69 471 - - - -
FWM7329 AP7329 W1-D25 25 8/7/97 14:03 8.74 482 - - - -
FWM7329 AP7329 W1-D25 25 8/22/97 15:51 - 518 6.90 - 0.05 244
FWM7329 AP7329 W1-D25 25 9/13/97 15:23 5.67 489 - 0.13 - -
FWM7330 AP7330 W1-F22 22.5 4/23/97 18:34 4.41 479 6.67 - - 238
FWM7330 AP7330 W1-F22 22.5 5/5/97 13:25 4.28 279 6.69 0.75 - 114
FWM7330 AP7330 W1-F22 22.5 5/9/97 14:37 6.03 373 6.48 - - 216
FWM7330 AP7330 W1-F22 22.5 7/22/97 16:35 10.71 475 - - - -
FWM7330 AP7330 W1-F22 22.5 8/7/97 16:56 7.77 482 - - - -
FWM7330 AP7330 W1-F22 22.5 8/22/97 13:50 - 502 6.93 - <0.01 240
FWM7330 AP7330 W1-F22 22.5 9/13/97 15:55 5.90 480 - 0.14 - -
FWM7332 AP7332 W1-D20 20 4/25/97 15:08 5.35 502 6.78 0.24 0.1 242
FWM7332 AP7332 W1-D20 20 4/29/97 17:17 5.70 491 6.56 0.31 - 238
FWM7332 AP7332 W1-D20 20 5/5/97 15:32 4.94 324 6.25 0.55 - 140

NA: Non-Applicable

Hydrolab Field Lab

Table 3.  Field chemistry results
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USGS
Field ID

COE
Site ID

Temp
Field ID

Depth Below Ground 
Surface of Discrete 
Sampling Point (ft)

Date and Time of 
Sampling

Temperature 

(oC)

Specific 
Conductivity 

(µS/cm)
pH

Dissolved 
Oxygen (mg/L)

Dissolved 
Oxygen by 

Winkler Method 
(mg/L)

Alkalinity 
(mg/L as 
CaCO3)

FWM7332 AP7332 W1-D20 20 5/7/97 18:54 4.56 329 6.32 0.31 - 136
FWM7332 AP7332 W1-D20 20 5/9/97 15:09 5.30 335 6.28 - - 148
FWM7332 AP7332 W1-D20 20 7/22/97 14:25 7.98 474 - - - -
FWM7332 AP7332 W1-D20 20 8/7/97 14:32 8.92 474 - - - -
FWM7332 AP7332 W1-D20 20 8/19/97 15:33 5.67 459 7.01 0.70 - 234
FWM7332 AP7332 W1-D20 20 9/13/97 15:07 6.33 493 - 0.13 - -
FWM7333 AP7333 W1-D17 17.5 4/25/97 15:55 5.31 504 6.65 - - 230
FWM7333 AP7333 W1-D17 17.5 5/5/97 14:02 3.83 362 6.13 - - 148
FWM7333 AP7333 W1-D17 17.5 5/9/97 16:02 5.09 326 6.16 - - 142
FWM7333 AP7333 W1-D17 17.5 7/22/97 14:50 9.29 501 - - - -
FWM7333 AP7333 W1-D17 17.5 8/7/97 15:11 0.53 534 - - - -
FWM7333 AP7333 W1-D17 17.5 8/22/97 15:41 - 507 6.93 - 0.18 248
FWM7333 AP7333 W1-D17 17.5 9/13/97 15:38 6.75 508 - 0.12 - -
FWM7337 AP7337 W2-30 30 4/26/97 17:00 7.66 487 6.64 0.58 1.4 224
FWM7337 AP7337 W2-30 30 4/30/97 17:23 5.80 491 6.57 0.37 - 206
FWM7337 AP7337 W2-30 30 5/6/97 19:37 5.27 477 6.60 0.44 - 220
FWM7337 AP7337 W2-30 30 7/22/97 17:20 7.12 464 - - - -
FWM7337 AP7337 W2-30 30 9/13/97 16:47 4.90 471 - 0.20 - -
FWM7338 AP7338 W3-WT NA 4/30/97 13:47 5.01 571 6.24 7.50 - 264
FWM7338 AP7338 W3-WT NA 5/7/97 16:42 4.53 532 6.33 6.60 - 250
FWM7338 AP7338 W3-WT NA 7/22/97 18:35 10.20 542 - - - -
FWM7339 AP7339 W3-25 25 4/18/97 21:11 3.45 482 7.16 0.34 - 234
FWM7339 AP7339 W3-25 25 Duplicate - - - - - 222
FWM7339 AP7339 W3-25 25 4/26/97 15:00 4.78 493 6.46 0.43 0.1 226
FWM7339 AP7339 W3-25 25 4/30/97 14:23 5.75 501 6.47 0.67 - 226
FWM7339 AP7339 W3-25 25 5/7/97 16:17 5.39 490 6.48 0.58 - 230

NA: Non-Applicable

Hydrolab Field Lab

Table 3.  Field chemistry results
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USGS
Field ID

COE
Site ID

Temp
Field ID

Depth Below Ground 
Surface of Discrete 
Sampling Point (ft)

Date and Time of 
Sampling

Temperature 

(oC)

Specific 
Conductivity 

(µS/cm)
pH

Dissolved 
Oxygen (mg/L)

Dissolved 
Oxygen by 

Winkler Method 
(mg/L)

Alkalinity 
(mg/L as 
CaCO3)

FWM7339 AP7339 W3-25 25 7/22/97 18:11 6.85 466 - - - -
FWM7339 AP7339 W3-25 25 8/19/97 16:53 5.48 455 7.32 0.47 - 238
FWM7340 AP7340 W3-30 30 4/25/97 22:10 4.23 496 6.79 0.29 0.1 240
FWM7340 AP7340 W3-30 30 4/30/97 15:48 5.97 503 6.54 0.29 - 224
FWM7340 AP7340 W3-30 30 5/7/97 15:57 5.50 491 6.40 0.55 - 230
FWM7340 AP7340 W3-30 30 7/22/97 17:45 8.11 469 - - - -
FWM7350 AP7350 Pit1-WT NA 4/30/97 18:43 4.51 527 6.41 3.38 - 122
FWM7350 AP7350 Pit1-WT NA 5/6/97 20:57 3.11 503 6.38 3.88 - 236
FWM7350 AP7350 Pit1-WT NA 7/22/97 20:00 5.77 584 - - - -
FWM7350 AP7350 Pit1-WT NA 9/13/97 18:13 6.51 492 - 0.30 - -
FWM7361 AP7361 Pit1-525 17.22 5/5/97 18:18 3.80 679 6.46 8.80 - 292
FWM7362 AP7362 Pit2-WT NA 5/7/97 17:37 4.51 725 6.47 5.59 - 312
FWM7375 AP7375 Pit2-555 18.21 5/7/97 18:02 4.78 655 6.52 1.62 - 298
FWM7375 AP7375 Pit2-555 18.21 7/22/97 19:05 15.17 685 - - - -
FWM7375 AP7375 Pit2-555 18.21 9/13/97 17:38 8.58 569 - - - -

Chena River - - NA 4/18/97 18:00 -0.02 217 6.83 7.49 8.15 94
Chena River - - NA 4/22/97 19:01 - - - - 11.3 98
Chena River - - NA 4/25/97 13:46 - - - - 12.2 92
Chena River - - NA 4/29/97 18:00 6.64 156 6.91 11.13 - 56
Chena River - - NA 7/22/97 12:55 13.96 213 - - - -
Chena River - - NA 8/7/97 17:09 15.04 209 - - - -
Chena River - - NA 8/19/97 13:08 9.71 181 7.53 9.66 - 70
Chena River - - NA 9/13/97 16:00 9.45 199 - 5.35 - -
NA: Non-Applicable

Hydrolab Field Lab

Table 3.  Field chemistry results
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